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Siirilentlrzll invErzines of elds: Mera siZa disiriotitien)

e Standard deviation of pore radii
proportional to the mean:

e Property of the gamma
distribution

e Measurements in real paper
dominated by pore height
distribution (exponential)

¢ Insensitive to formation
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Siertiectirzl) nvziflzines af eolels:

Mora siZza dlisiriotitien)

e Standard deviation of pore radii
proportional to the mean:

e Property of the gamma
distribution

e Measurements in real paper
dominated by pore height
distribution (exponential)

e Insensitive to formation
e Polygons tend to be ‘roundish’

e Conjecture, FRS13: correlated
free-fibre-lengths
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Sitrtiettrzll invErizines of nllss Eornnlzitier) fltinleer

e Variance of local grammage, o2(5), Sl )
of random fibre networks known 4o | LEEmEneet
analytically
30 - o
e Formation number (variance ratio): <
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* N, vs. inspection zone size (x) " linear’
for x< 4 mm
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Sitrtiettrzll invErizines of nllss Eornnlzitier) fltinleer

e Variance of local grammage, o2(3),
of random fibre networks known
analytically

e Formation number (variance ratio):

_ O')Z( (B’)measured

(7)2( ( ﬁ )random

f

* N, vs. inspection zone size (x) " linear’
for x< 4 mm

e Random disk model:

o(D) o« 5%
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Clgjgeti/as zslel Agorezld

MANCHESTER

Objective:

e To explain the seemingly narrow class of
structures realised in papermaking processes:

pore shape, pore size distribution and mass distribution

Approach:

e Simulation of random and clustered processes of:
e Points, to represent fibre centres
e Infinite lines to generate free-fibre-lengths

e Finite lines, to represent fibres and generate mass
maps.
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EIDREICERLE StalIStICSHPOISSON POIRES

Probability density of distance, r, between fibre centres occurring in a square of
side, g, is known for the random (Poisson) case (Ghosh, 1951):
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EIDRENCERLENSAtIStICSIINOR-POISSERNPBIRLS

For flocculated and dispersed cases, we use simulation to deposit 50,000 fibre

centres in a unit square.

Clustered: Compound Poisson process

e Cluster centres distributed as a 2D Poisson process
e Number of centres per cluster has a Poisson distribution

e Inputs:
e mean number of centres per cluster
e cluster diameter

Dispersed: Small random perturbation from square lattice
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relplelon) petverias Caofrelztion of zldzleat ffae-flore=l2nle)ins?

e Conjecture, FRS13: adjacent free-fibre-
lengths are correlated, such that
polygons tend to be ‘roundish’.

» Free-fibre-length distribution is
exponential. For unit mean
f(x)=e*ando’(x)=x =1

e To reveal correlation between pairs of free-fibre-lengths, {x; y}, we must order
the pairs such that x; < y;
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Corralzitlan of cldjzledsit frae=flore=lanieftns: Lalclaoanie/en)e ozllfs

e First we must obtain the correlation for independent sorted pairs
e Start with a pair of numbers, {x, y}, drawn from the exponential distribution
 Convert each pair into an ordered pair (x; ) such that x; < y,

e Two distributions arise, one for x and one for y.

0.(x0) = % o 2x with x = % and o2(x) = %

a.(y)=2e¥(1-e) withyz%and O'z(y)z%

FRS14
16 September 2009

:\-’1 -"th{:H ! .' .‘":. I .l_.- I.;.-u



Corralzitlan of cldjzledsit frae=flore=lanieftns: Lalclaoanie/en)e ozllfs

e The correlation p is given by

e So for independent pairs p = 0.447. We use simulation to obtain p for
stochastic line networks. If the simulation yields o > 0.447, then we have
intrinsic correlation in our networks.
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Corraleition of slclzlednlt frae=flgre=l=nle/ins: HMelniclons) fEieres

e Simulation solves equations of random lines drawn in a unit square to
compute coordinates of crossings and polygon sides (free-fibre-lengths)

e Adjacent polygon sides are paired
¢ Polygon sides crossing boundaries of unit square are discarded

e Correlation of sorted and paired polygon side lengths computed

e Correlation tracked as number of lines increased
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Correlzitlon of clejzlednit ffee=flora=[nleftnss Meainlelong) plaiyors

0.7
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Coralzitlan) of cldfzlednit frae=flore=laneftnss Orlanitac € eltisiafad]

* Very small influence of fibre e Very small influence of clustering.
orientation using 1-parameter Lines pass through clusters of points
cosine distribution with varying cluster radius, r; and

cluster intensity, /.

1
_ — — 1
f(0) == —¢ecos(26) 0393/

0.70-

eI.=0.6
eol.=07
0.62 - ol -08
o 1
< P—--3 .
_8 \\\\ Q
4] ~
i .5
S S~ B 0,651
0.61 DAY % s 1 % -
S % } % s | & 8-
0.60 : . . . . — 0.60
0 0.1 0.2 0.3 % 0.0 0.1 0.2 0.3 0.4
Eccentricity, ¢ Cluster radius, rf

: FRS14
AL ! | ..."
.'n-l.lJ“*»Ji_._H:___i __ .'l_"l 16 September 2009




Forrrlzitiern) Sinnitllzite)r

Cloudy

Grainy

e Formation easily visually classified as ‘cloudy’ (large flocs, low floc grammage)
or ‘grainy’ (small flocs, high floc grammage)

e Experimentally difficult to vary scale and intensity of flocculation independently

e Simulator generates 4 cm x 4 cm grammage maps where scale and intensity of
clusters (flocs) can be varied independently
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Forrrlzitiern) Sinnitllzite)r

Inputs:

e Grammage, S
e Fibre properties:
e Length, 4
e Coarseness, o
o Width,
e Mean floc radius, r;
e Floc intensity, 0</<1

e Expected number of
fibres per cluster, n,

T FRS14
MANCHES ! ER 16 September 2009




Forprzitlon Sieritllziter for flocel)lzjiael planyori<s

Inputs:

e Grammage, S
e Fibre properties:
e Length, 4
e Coarseness, o
o Width,
e Mean floc radius, r;
e Floc intensity, 0</<1

e Expected number of
fibres per cluster, n,

MANCHESTER

Simulation:

e Number of fibres per cluster, n, is a Poisson
variable with mean, n,

e Mean grammage, G, of each cluster is
assumed constant (¢, Farnood et g/, 1995)

Vi)
G:[:Bfib:?

e Radius of each cluster is

P Ao
!
e n_fibre centres deposited within circles of

radius r.

e For each fibre, contribution to mass of each
pixel calculated.
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EORmMatieRSIMulateor Examplereuputs

I=0.05 I=0.10 I=0.15
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EOMBUCRNSIMUIEEer RENEEM CaSE e EnCHINEHEct

e Simulator generated Poisson random networks (7. = 1) for different fibre
lengths and computed 7,

A=1mm A =2mm

A =3 mm A =4 mm

A=1mm
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OB UEHRNSIMUIE e RENECRINCESENSEal ERSENSItVILY,

¢ Different areas

A

1.2¢

e 4cmx4cm

e 8cmx8cm
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e Sufficient data reliably to compute
variance only for scales up to about
10% of imaging area
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EONauENSIUIEeERSEd EN EPENUENCENOIVIF

35k 7 _
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e linear regression gives 2>0.9
on these data

Formation number, n¢
= = N N w w
(6] o o o o o (6]

1 2 3 4
Inspection zone size (mm)

FRS14

AANCHES 1 = Y = . = X -7 -1. - -2
.'\.HNL._HZIH _;|;_t.[\ A=1mm; =20 um; 6§=2 x 107 kgm?; g=60gm 16 September 2009




EONauENSIUIEeERSEd EN EPENUENCENOIVIF

35
I=0.15 : :
e n.increases with

.nc= 5.nc=4c

&
g
5 25| nc=10 = nc =30 e inspection zone size
S 20 e flocculation intensity, 7
T 15 B ettt e number of fibres per cluster, n.
S 10 ™ .
- e Dependence on zone size
> nonlinear
1 2 3 4 :
Inspection zone size (mm) * I!terature data_ sparse
35k = 0.20 e linear regression gives 2>0.9
30 on these data

25
20
15
10

e No simple scaling law found, but

e when n.and 7are both large,
n.-exhibits similar dependence
on zone size at small scales

Formation number, n¢

Inspection zone size (mm)
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Arlzllyele clooredisEtlon of forrmzition stmlgsr 7/

For a Poisson structure of sparse disks with grammage, G, and uniform
diameter, D, the variance of local grammage for square zones of side xis

oasisx(B) =BG " ataus(D,1) br, X)

where
Qgisks (D, 1) = %(Dcosl(r/D) _ r\/l _ (r/D)Z)
T
Also
s ()
n (X) — GdISkS,X ~
' O-fglbres,x (ﬂ)

Where o7e (F) is the variance of local grammage of a random fibre
network and is known analytically:

0 *fibres,x (,B;) = E,Bﬁb _[om a(r o, A)b(r,x)dr
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Arlzllele clgarednrlEtlon) of formmzition rtmlosr

O-dzisks,x (ﬁ)

n(Xx)= -
f( ) O-fzibres,x (IB )

_[Om Ayiss (D, 1) b(r, x)dr
IO a(r,o,4)b(r, x)dr
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Arlzllele clgarednrlEtlon) of formmzition rtmlosr

2 nJ
O-disks,x (,B )
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Apilvele slgorodaseition of formsleition ptisees ssYmlototes

For large inspection zones

lim n.(x) = n.

X —>©

At small inspection zones, the initial slope is

“m dﬂ jadISkS(D f')b(f' X)‘
x=0 ax a(r,w,A)b(r, x)\

=1

—->Xx -0

So the initial slope of a plot of formation humber against inspection zone
size depends on the intensity of flocculation and the asymptotic value
depends on the expected number of fibres per floc.
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Corieltisions

e Pores ARE roundish: Natural stochastic clusters, which generate local
free-fibre-length correlations, overwhelm any effects on pore shape of fibre
orientation or flocculation.

e Trapped polygon void sizes: Local free-fibre-length correlations force
coefficient of variation for in-plane pore sizes to be insensitive to
flocculation and orientation.

e Trapped formation: Variance ratio to random (/7)) asymptotic to number
of fibres per cluster (2. and convergence rate is intensity of flocculation ().
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