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APPENDIX A
RANDOM NUMBERS GENERATION

The effectiveness of the stochastic simulation is intimately connected with the
quality'of the random numbers being used. Appendix A gives listings of FORTRAN

77 subroutines employed for generation of random numbers.

Random number generators

A.1 Starting value

SUBROUTINE START
*!I***###t*****t#*#t*#t***l*‘***t*#**#*#lk****lt**#*#*#*‘***###t**t***#*
Subroutine to starting value

"These instructions yield a non-repetitive starting value for the random number

generator for each run of the program,

**t*t***#********##*#*#**#*#####******t**#***#***#*#*#*****t*##*#****

REAL*8 TI
INTEGER*4 IT
COMMON /RNGi/ IY,RANR
TI=IT*101.
120  IF (TI-24350542) 300,150,150
150 TI=TI10
GOTO 120
300 1Y =42758321+INT(TI)
1Y = (LY/2)*2+1
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RETURN
END

A.2 Uniform random number generator

Subroutine RANDOM was used to generate a uniform random number,

whose valﬁes lie between 0 and 1.

SUBROUTINE RANDOM
RRRRFRRERR Rk KRR R ok kR Rk ko ko ke ak ke kor ko ok kK ko ok ek ook R R ok kXK
SUBROUTINE RANDOM generates a uniform random number with a mean
of 0.5 and arange of 0.0to 1.0

skl ke ko kR R Rk R ok kR Rk ko ke kR ke ko ke Rk ko ok kR kR

REAL*S YY,AA
COMMON /RNG1/IY,RANR

YY =3125.*TY

AA = INT(YY/67108864)*67108864.
IY = INT(YY - AA)

RANR = [Y/67108864.

RETURN

END
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A.3 Normal random number generator

Subroutine NRG was used to generate a normal random number with a

mean of 0.0 and a standard deviation of 1.0.

SUBROUTINE NRG

kiR m ek Rk ke okl ok ok R Rk Rk Rk kR kR Rk kR kR ke ek e ko kR

SUBROUTINE NRG generates a standard normal random number suing two

uniform random numbers

A a2l o o0 e o e e o e 3k ok kol ake ok abe e ol e o gk ok 2k o e ok o e ok e ok e ok 2k ok ol 2 ok o ok ok ok e o o ok o ok ko ok ak ok 3k

COMMON /RNG1/ IY,RANR
CALL RANDOM

X0 = SQRT( -2.0 * ALOG(RANR))
CALL RANDOM

TR = 6.2831853072 * RANR

XT = X0 * SIN(TR)

X0 = X0 * COS(TR)
RETURN
END
where
IY =  STARTING VALUE
= UNIFORMLY DISTRIBUTED RANDOM NUMBER
X0 =  NORMALLY DISTRIBUTED RANDOM NUMBER

XT = NORMALLY DISTRIBUTED RANDOM NUMBER




APPENDIX B
ALGORITHM AND FLOWCHART

Appendix B gives algorithms and flowcharts for generation and analysis the

dispersion of additives.
B.1 Algorithm for generation and analysis the dispersion of additives.
B.1.1 Algorithm to generate dispersion patterns.

1. Open file to write.

2. Enter concentration, particie size of A and B particles and adhesion probability.

3. Input a seed for random number.

4, | Select the type of dispersion and generate A particles according to the selected type
of dispersion (either uniform or normal random dispersion),

5. Check and eliminate A particles that overlap and keep the desired number of A
particles.

6. Input a seed for random number. ‘

7. Select the type of dispersion and generate B partic!és according to the selected type
-of dispersion (either uniform or normal random dispersion) and specified adhesion
probability.

8. Check and eliminate B particles that overlap themselves.

9. Check and eliminate B particles that overlap any A particles.

10. Keep the \n;anted number of B particles

11. Identify those B particies adhering onto A particles.

12, write all simulated data to file.
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B.1.2 Algorithm to analysis dispersion patterns.

1. Open generated data file to read concentration and particle size of A and B particles,
adhesion probability, identified B particles adhering on to A and position (XY) of A
and B particles,
2. Input a seed for random number,
3. Count subsections (N(n)) occupied by A particles, B particles and A plus B |
particles. |

4. Calculate the coefficient of variation Ds(n) given by equation (3.18) of A particles,
B particles and A plus B particles.

5. Calculate the degree of mixedness (M) given by equation (3.8) of A particles and B
particles.

6. Write N(n), Ds(n), M, and number of identified B particles adhering onto A.
B.2 Flowchart for generation and analysis the dispersion of additives.

Here is the flowchart of main program for generation and analysis the

dispersion of additive and flowchart of subroutines which are used in main programs.
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GENERATION PROGRAM

( START )
@ .

I

print "Select the type of dispersion (KX)"

print "1.Monodispersin 2. Function"
read KX

CALL DATAIN

YES—+(2)

NO
L4

CALL START

I
print "Select the type of
dispersion of A particle"

Y

CALL TYPE

CALL DISPERSE
(NPA,XA,YA,MA,DPA)

CALL WRITETO
(NPA,XA,YA,XPA,YPA)

CALL SORT
(NPA,XA,INDEXA)

" CALL AGGRO -
(NPA,DPA,XA,YA,XPA,YPA INDEXA,IDXA,NMX)

,
CALL SSORT
(NMX,IDXA,XA,YA)

I
(D




Y

CALL WRITETO
(NMX, XA, YA XPA,YPA)

4

CALL SORT
(NMX,YA,INDEXA)

CALL AGGRO
(NMX,DPA,XA, YA, XPA, YPA, INDEXA, IDXA,NMY)

CALL SSORT
(NMY,IDXA,XA,YA)

input the wanted
~ particle (NTA)

write to file
MA NTA,DPA,
XA(D,I=1,NTA
YA(I),I = 1,NTA

@ 5

YES—<PER <0 NO
v __ v

165

CALL START CALL START
print” Select the type of g'nnt S elec; thegpe‘ of
dispersion of B particle" ~POISION O1 unagmysive
B particle"
‘ r
CALL TYPE CALL TYPE
: ‘
CALL DISPERSE CALL FILLER
NPB,XB,YB,MB,DPB (XA, YA, XB,YB,NTA MB,IDD)

!
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[

CALL WRITETO
(NPB,XB,YB,XPB,YPB)

CALL SORT
(NPB,XB,INDEXB)

CALL AGGRO
(NPB,DPB,XB,YB, XPB, YPB, INDEXB, IDXB,NMX)

4
CALL SSORT
(NMX,IDXB,XB,YB)

PER >0 YES

CALL POINT
NO (IDN,IDD,IDXB,NMX)

!

CALL WRITETO
(NMX,XB,YB,XC,YC)

CALL SORT
(NMX, YB,INDEXB)

CALL AGGRO
(MNB,DPB,XB,YB,XPB,YPB,INDEXB, IDXB,NMY)

l

€)




167

7

CALL SSORT
(NMY,IDXB,B,YB)

YES» NB=MYB —»(b)

@«No

YES
+ }
CALL POINT
(IDD,IDN,IDXB, NMY)

A
CALL WRITETO
(NMY,XB, YB,XPB,YPB)

CALL ISORT
(NMY,XB,IDN,INDEXB) |

F

CALL AGGRO
(NMY,DPB,XB,YB,XC,YC,INDEXB,IDXB,NMX)

Y

CALL SSORT
(NMX,IDB,XB,YB)

l

CALL POINT
(IDN,IDD,IDB,NMX)

l

(4




7

CALL WRITETO
(NMX,XB,YB,XPB,YPB)

4

CALL ISORT
(NMX, YB,IDD,INDEXB)

4

, CALL AGGRO
(NMX,DPB,XB, YB,XPB, YPB,INDEXB, IDXB,NMY)

CALL SSORT
(NMY,IDXB,XB,YB)

4
CALL POINT
(IDD,IDN,IDXB,NMY)

(©

\ 4

NPC = NTA + MYB

4

<DO J=1NTA >7

XC(J) = XAQ)
YC(I) = YAQ)
IDC(J) =1

'
(s)

168
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Q
~<Do J= 1,NMY>_"_'_

XC(+NTA) = XB(J)
YC(J+NTA) = YB(J)
IDC(J+NTA) = 2

l

DPC = 0.5*(DPA+DPB)

CALL WRITETO
(NPC,XC,YC,XPC,YPC)

r
CALL SORT
(NPC,XC,INDEXC)

4

CALL AGGLO
(NPC,DPC,XC,YC,XPC,YPC,INDEXC, IDXC,NMX)

CALL SSORT
(NMX,IDXC,XC,YC)
NB =NMX - NTA
r
DO1=I,NB
K =1+NTA
L =IDXC(K) - NTA
IDN(I) = IDD(L)
|
I 4




|

¢
{ DO I=1,NTA >.l

IDC() = 1

_< DO1=1NB >_l
F 3

IDC(I+NTA) =2

|

CALL WRITETO
(NMX_XC,YC,XPC,YPC)

CALL SORT

(NMX,YC,INDEXC)

CALL AGGLO

(NMX,DPC,XC,YC, XPC,YPC,INDEXC,IDXC,NMY)

y

CALL SSORT

(NMY,IDXC,XC,YC)

NB = NMY - NTA

/ DO i1 =1,NB

L = IDXC(I+NTA) - NTA
IDD(l) = IDN(L)

)

170
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7
® g
4
print "Input the wanted
B particle"

write to file
MB,NTB,DPB,PER

NO

write to file write to file
XC(I+NTA) = 1,NTB XB(I) = I,NTB (

YC(I+NTA) = 1, NTB YB(I) = 1,NTB
4@ YES- é
NO

NUA =0
{ write NAP I
y
DOI=1,NTA>—l

ND(D) = 0
|

F< DO1=1,40 e an

NV(D)=0
|




7
— pot-ia >—¢

M = IDD(ID(I+NTA)-NTA)

erOYESI

ND(M)=ND(M)+1| | NUA=NUA +1

h 4
3

NAT =NTB - NUA

4

< DOI=1NTA >—l

M = ND(I)
NV(M+1) = NVQM+1) + 1
|

y

write to file
NAT
NV(I) = 1,40
© -
@_ms CONTINUE
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SUBROUTINE DATAIN

( BEGIN )}

PAI4 = ATAN(1.0)
L =100

D——l

YES—J'

NPA =0, DPA=0.0

input NPA DP é)

4

DPA = DP/L

- 6
2M/

input NPB,DP

DPB = DP/L

F

PER = NPER*1./L.

r

END |
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SOUBROUTINE START

( START )

r

/ Input the starting value (IT) 7

TI = IT*101.

®

4
lfNo TI > 24350542 YESl

IY = 42758321 + INT(TI) TI=TI/101.

IY = (IY/2)*2 + 1 Cg
r

END
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SUBROUTINE DISPERSE (NP,X,Y,MAB,DP)

=

MAB > 2 > YES

F

/ print "Select again" /
. é
mi\l

y

NO
r—<1)01=1,1~11>>——l DOI@&
y

CALL CALL
URG(A,B,DP) NRG(A,B,DP)
XD =A XD =A
Y(I)=B Y())=B

j

k 4
f Y

END
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SUBROUTINE URG (A,B,DP)

( START )

r

DP1 = 0.5*DP
DP3 = 1-DP1

i}

y

CALL RANDOM

YES
RANR < DP1 NO
——NO RANR > DP3




SUBROUTINE NRG (A,B,DP)

START

DP1 =0.5*DP
DP3 = 1-DP1

L o 3

CALL RANDOM

XO = SQRT(-2.0+ALOG(RANR))

YES CALL RANDOM

A

TR = 6.2831853072*RANR
XT =XO + SIN(TR)
A=XT/3%0.5+ 0.5

CALL RANDOM

4

-
(D MO A D8 >

YO = SQRT(-2.0+ALOG(RANR))

CALL RANDOM

TR =6.2831853072*RANR
YT = XO + SIN(TR)
B = YT/3*0.5 + 0.5

"

ol B>

e,

—
.

DP3

/

s

177
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SUBROUTINE FILLER (X,Y,XB,YB,NTANTB,IDD)

(o)

PAI2 = 8 *ATAN(1.0)
RR = 0.5%(DPA+DPB)

Input " Type of dispersion of
unadhesive B particle
r
y
CALL RANDOM

YES No—l
[No YESl CALL RANDOM

!
CALL NRG CALL URG K = INT(RANR*NTA-+1)
(A,B,DP) (A,B,DP) r
—r CALL RANDOM
. y
XD =A THETA = RANR*PAI2
YB(H)=B XB(J) = RR*COS(THETA) + X(K)
IDD(J)=0 YB(J) = RR*SIN(THETA) + Y(K)
IDD(J) =K




SUBROUTINE SORT (NS,X,INDEX)

{ START )

JUMP = NS '—<DOJ= INS >~
O— |
4 :
JUMP = JUMP/2 > | IND ET(D -7
ks
NO
h 4
12 = NS - JUMP |
@‘_< bos-12 }
A
DOT =J,1,-JUMP%
13 =1+ JUMP
YES
i
K - INDEX(])
INDEX(I) = INDEX(J3) NO
INDEX(J3) = K
S = X(l)
X(1) = X(13)
X(J3)=§
> r-—-——-

179
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SUBROUTINE AGGRO (NP,DP,X, Y, XP,YP,INDEX,IDX MN)

( START )

X(1) = XP(INDEX(1))
Y(1) = YP(INDEX(1))
IDX(1) = INDEX(1)
MN =1
K=1
DP2 = DP*DP

() :
l—ms@—m
NI=0

O >
. II'= INDEX(K+NJ+1)
KK = INDEX(K)
DELX = XP(1I)-XP(KK)
DELY = YP(II)-YP(KK)
PD2 = DELX*DELX + DELY+DELY

l—NO PD2 > DP2 YES——

4

— X(MN) = XP(II)
=¥ 2 YOI = YR([)
- IDX(MN) = II
K = K+NJ+1

g oo ¢




SUBROUTINE SSORT (MN,IDX,X,Y)

{ START )

=

J2 =NS - JUMP

y

()

oo 20

DO I=J,1,-JUMP >T

13 =1+ JUMP

YES
4

IDX(I) > IDX(3) >

M = IDX(])
IDX(I) = IDX(J3)
IDX(J3) =M
U =X(0), V = Y(I)
X(1) = X(@13), Y(I) = Y(J3)
X(J3)=U, YU3)=V

181
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SUBROUTINE AGGLO (NP,DP,X,Y,XP,YP,INDEX,[DX,MN)

START

X(1) = XP(INDEX(1))
Y(1) = YP(INDEX(1))
IDX(1) = INDEX(1)
MN=1K-=1
NB =0, NAP =0
DP2 = DP*DP

12 = INDEX(K+NJ+1)
J2 = INDEX(K)

DX = XP(I2) - XP(J2)

B DY = YP(I2) - YP(J2)
IDC(12) =IDC(I2) >—NO+ = L= T o

T DY*DY
— ) \.‘__‘.\\
<m>-YES—<: PD2>DP2 >
S~ -
T

NO
v

(o)
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NO PD2 = DP2 YES—l
@ NO— NAP = NAP + 1

MN=MN- 1 > @
YES
v MN = MN +1
NJ = NJ+1 X(MN) = XP(I2)
KNJ = K+NJ+] Y(MN) = YP(12)
IDX(MN) =12
@ YES
5/ /)
IDC(12) > 1 YES
- 5
=NB +
5 NB =NB + 1 |
J |

K=K+NJ+1
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SUBROUTINE ISORT (NS,X,ID,INDEX)

( START )

JUMP = NS .—<DOJ=1,NS>—

JUMP = JUMP/2 INDET(J) -7
ms
WA
J2 =NS - JUMP
O\
@'_<DOJ=I,J2 >‘1 o ‘5 ‘
L< DO I=J,1,-JUMP >— {
i
13 =1+ JUMP |
iD(1) > IDQ) YES»@
NO

.
ID(I) = IDU3) > ~—NO+®

¥
()




O

<> X
Oy

K = INDEX()
INDEX(I) = INDEX(J3)
INDEX(33) = K
S =X{)

X(D) = X(03)
X(3) =S
M = ID(])

ID(Y) = ID()3)
ID(J3) =M

SOUROUTINE TYPE

{ START )

4

print * 1. Uniform random
2. normal random"
print " Select ==> "

185
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SUBROUTINE POINT (IDE, IDF,IDXE,NS)

( START )

4

L = IDXE(I)
IDE(T) = IDF(L)
]

SUBROUTINE WRITETO (N,X,Y,XP,YP)

{ START )

r

XP(I) = X(I)
YP(D) = Y(I)

|
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ANALYSIS PROGRAM

{ START )

. 4
open file to read previous data
open file to write analysis data

Y
CALL
DATAOUT

4

CALL START

4

APA =PAT*(DPA/2)*(DPA/2)
APB = PAI*(DPB/2)*(DPB/2)

DOL¥1,10\

,
ND = NDD(L)
VERS(L) = 1./ND
NDD = ND*ND

CALL COUNT
(NTA,XA,YA,NPA,NRAA)

_ CALL SECTION
(NRAA,NTEA NTHA)

CALL TERASHITA
(NTA,NRAA,APA MSFA,STDA)

D)




CALL COUNT
(NTB,XB, YB,NPB,NRAB)

4
CALL SECTION
(NRAB,NTEB,NTHB)

4

CALL TERASHITA
(NTB,NRAB,APB,MSFB,STDB)

CALL SUMCOUNT
(NRAA,NRAB,NRAC)

CALL SECTION
(NRAC,NTEC,NTHC)

4

MSFC = MSFA + MSFB
SUM=0.0

-

F< DO I=1,NDD>‘
F

r
XX = NRAA(I)*APA
YY = (NRAB(I)*APB
F = XX*YY*NDD
FF = F-MSFC
SUM = SUM + FF*FF

|

188



$

STDC(L) = SQRT(SUM/(NDD-1))

189
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NO YES——“

SDA(NK) = STDA(L)

YES NO '
1 CALL MIXEDNESS

(NK,MSFA,SDA DMA)
NSAM = MM(N-3)
YES
f SDB(NK) = STDB(L)
NO |
NSAM = INT(PA(A)*NDD) CALL MIXEDNESS
- (NK,MSFB,SDB,DMB)
CALL STAT é
(NSAM,NK,NRAA,APA XBARA, SDA
CALL MIXNESS
(NK,MSFA,SDA,DMA)

y
CALL STAT
(NSAM,NK,NRAB,APB,XBARB,SDB

y
CALL MIXNESS
(NK,MSFB,SDB,DMB)

B




191

print INT(PER*100), MA,NTA, DPA
print MB,NTB,DPB

print VERS(I) I = 1,10
print NTHA(T) 1= 1,10
print NTHB(I) I = 1,10
print NTHC() I = 1,10

print STDA(IYMSFA I = 1,10
print STDB(IYMSFB I = 1,10
print STDC(I)/MSFC I = 1,10

print DMA(I) I1=1,10
print DMB(I) 1 = 1,10

END

/
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SUBROUTINE DATAQOUT

@ No—l
YES read MANTA,DPA
read XA(D),YA(D) I = 1,NTA
read MA NTA,DPA
read XA(I),YA(I) I = 1, NTA

read PER
read XB(I), YB(I) I = 1,NTB

@m
| NO
INOYES—l
read NTA
/ rpad BAP / / read NV(I) 1= 1,40 /

Bl
Lare |
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SUBROUTINE COUNT (NT,X,Y,NXP,NR)

( START )
—Q)o I=1NT >7

M = INT(X(I)*ND+1)
N = INT(Y(I)*ND+1)
NXP(M,N) = NXP(M,N)+1

K=0

—<D01—1ND>-—
——<DOJ—1ND>—- |
( END ) K=K+]1

NR(K) = NXP(LJ)

SUBROUTINE SUMCOUNT(NRA,NRB,NRC)

[ “START )

r

r< DOI=1,NDD\

NRC(I) = NRA(I)+NRB(1)

o




SUBROUTINE SECTION (NR,NTE,NTH)

( START )

NTE(L) =0
NTH(L) = 0

<

DOI=

N
1,NDD //

NTE(L) = NTE(L)+1

IYES NR(D) < 1 No1

NTH(L) = NTH(L)+1

¥
4

>
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SUBROUTINE STAT (NSAM,NK,NR,AP,XBAR,SD)

{ START )

r

XBAR = 0.0
§S=0.0
C=00

NS = INT(1.2*NSAM)

~<D01=1,Ns >—

F

CALL RANDOM

M = INT(RANR*NDD+1)
NX() =M

CALL SORT
(NS,NX,INDEX)

CALL AGGRO
(NS,NX,NXX,INDEX, IDX,MN)

r
CALL SSORT
(MN,NXX,IDX)

)




Y
(o

¥

SAREA(T) = NR(NXX(I))*AP*NDD
SS = SS + SAREA(])

4

XBAR = SS/NSAM

<Do I1=1NSAM >v
3

B = SAREA(I)-XBAR
C=C+B*B

VS = C/(NSAM-1)
SD(NK) = SQRT(VS)

END
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SUBROUTINE TERASHI (NTP,NR,AP,MSF,STD)

{ START )

MSF = NTP*AP
SSUM =0.0

DOI= |
1,NDD

E = NR(D*AP*NDD
EE = E-MSF
SSUM = SSUM+EE*EE

L
V = SSUM/(NDD-1)
STD(L) = SQRT(V)

END
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* SUBROUTINE MIXNESS (NK,MSF,SD,DM)

START

VC = MSF(1-MSF)
VO = SQRT(VC)
DM(NK) = 1-(SD(NK)/VO)

y

END

{ START )
A

YY =3125.*IY
AA = INT(YY/
67108864)*67108864.
IY = INT(YY-AA)
RANR = IY/67108864,

SUBROUTINE RANDOM

y

O o

END




APPENDIX C

COMPUTER -SIMULATED RESULTS

The relationship between the quantitative indices and the various conditions

obtained from computer simulation gives the following table.




Table C1 The dagree of mixedness of B particles in the case of uniform - uniform dispersion
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at various conditions.
Particle size | Concentration of mixedness of B particles
ratio ratio Adhesion probability
{B:A) (B:A) 0% ' 20% 50% 80% 100%
0.02:1 1:1 0.9993 0.9992 0.9992 0.9991 0.99%0
21 0.9991 0.9991 0.9989 0.9986 0.9984
5:1 0.9982 0.9980 0.9974 0.9966 0.9957
10:1 0.9977 0.9974 0.9961 0.99435 0.9931
0.04:1 1:1 0.9985 0.9986 0.9984 0.9980 0.9979
2 0.9983 0.9981] 0.9979 0.9967 0.9969
51 0.9963 0.9962 0.9951 0.9933 0.9917
10:1 0.9956 0.9949 0.9924 0.9888 0.9862
0.10:1 1:1 0.9963 0.9966 0.9960 0.9955 0.9950
2:1 0.9954 0.9954 0.9948 0.9939 0.9924
s5:1 0.9911 0.9905 0.9879 0.9833 0.9798
10:1 0.9889 0.9873 0.9824 0.9744 0.9673
0.20:1 1:1 0.9933 0.9933 0.9927 0.9917 0.9887
2:1 0.9914 0.9908 0.9895 0.9871 0.9856
5:1 0.9826 0.9806 0.9767 0.9686 0.9608
10:1 0.9780 0.9751 0.9664 0.9514 0.9341
Table C2 The degree of mixedness of B particles in the case of uniform - normal dispersion
' at various conditions.
Particie size| Concentration Degree of mixedness of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 kil 0.9973 0.9974 0.9982 0.9989 0.99%0
2:1 0.9959 0.9965 0.9974 0.9978 0.9975
- 511 0.9937 0.9946 0.9959 0.9964 0.9958
10:1 0.9911 0.9925 0.9939 0.9541 0.9930
0.04:1 1:1 0.9945 0.9953 0.9962 0.9978 0.9979
2:1 0.9919 0.9927 0.9945 0.9953 0.9953
51 0.9872 0.9882 0.9917 0.9924 0.9915
10:1 0.9821 0.9848 0.9881 0.9885 0.9863
0.10:1 1:1 0.9865 0.9886 0.9915 0.9947 0.9951
2:] 0.9796 0.9822 0.9864 0.9888 0.9885
5:1 0.9685 0.9734 0.9791 0.9817 0.97%94
10:1 0.9556 0.9621 0.9700 0.9712 0.9673
0.20:1 1:1 0.9733 0.9760 0.9827 0,9889 0.9903
211 0.9606 0.9656 0.9725 0.9775 0.9764
5:1 0.9375 0.9467 0.9572 0.9644 0.9607
10:1 09111 0.9239 0.9376 0.9438 0.9337




201

Table C3 The degree of mixedness of B particles in the case of normal - uniform dispersion

at various conditions.
Particle size | Concentration Degroe of mixedness of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 0.9992 0.9992 0.9985 0.9977 0.9972
2:1 0.9986 0.9983 0.9976 0.9963 0.9955
51 0.9982 0.9978 0.9961 0.9940 0.9924
10:1 0.9978 0.9970 0.9945 0.9909 0.9865
0.04:1 1:1 0.9985 0.9983 0.9972 0.9956 0.9943
2:1 0.9968 0.9969 0.9951 0.8924 - 0.9908
5: 0.9965 0.9956 0.9925 {.9885 0.9852
10:1 0.9956 0.9939 0.9888 0.9827 0.9778
0.10:1 1:1 0.9962 . 0.9958 0.9933 0.9887 0.9852
2:1 0.9929 0.9918 0.9880 0.9816 0.9763
51 0.9911 0.9892 0.9818 0.9711 0.9620
10:1 (.9889 0.9854 0.9738 0.9596 0.9445
0.20:1 1:1 0.9930 0.9918 0.9854 0.9765 0.9715
2:1 0.9860 0.9838 0.9761 0.9638 0.9554
5:1 0.9827 (.9783 0.9645 0.9451 0.9250
10:1 - .9781 0.9721 0.9513 0.9226 0.8906

Tabie C4 The degree of mixedness of B particlu in the case of normal - normal dispersion
at various conditions,

Particle size | Concentration Degree of mixedness of B particles
ratio ratio Adhesion probability
(B:A) B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 0.9973 0.9972 0.9972 0.9970 0.9968
2:1 0.9962 0.9960 0.9962 0.9958 0.9956
5:1 0.9936 0.9935 0.9934 0.9928 0.9925
10:1 0.9910 0.9910 0.9905 0.9896 0.9890
0.04:1 H| 0.9943 0.9944 0.9945 0.9943 0.9942
2:1 0.9923 0.9922 0.992] 0.9916 0.9911
5:1 0.9873 0.987] 0.9868 0.9861 0.9852
10:1 0.9823 0.9819 0.9810 0.9794 0.9779
0.10:1 1:1 0.9864 0.9867 0.9857 0.9854 0.9849
2: 0.9806 0.9801 0.9799 0.9798 0.9780
5:1 0.9686 0.9678 0.9668 0.9652 0.9624
10:1 0.9557 0.9553 0.9535 0.9496 0.9447
0.20:1 1:1 0.9727 0.9726 0.9721 0.9752 0.9720
2:1 0.9610 0.9604 0,9603 0.9589 0.9593
51 0.9365 0.9365 0.9344 0.9298 0.9285
10:1 0.9116 0.9110 0.9078 0.9032 0.8952
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Table C5 The normalized count-based fractal dimension of B particles
in the case of uniform - uniform dispersion at various conditions.

Particle size | Concentration Normalized count-based fractal dimension of B particles
ratio ratio Adhesion probability .
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 1.0029 1.0006 0.9857 0.9563 0.9102
2:1 0.9994 0.9970 0.9801 0.9487 0.9350
5:1 0.9999 0.9978 0.9856 0.9429 0.9396
10:1 0.9991 0.9981 0.9876 0.9446 0.9358
0.04:1 I:1 (.9978 0.9969 0.9842 0.9559 0.9411
2:1 1.0007 0.9966 0.9867 0.9483 0.9361
5:1 0.9996 0.9978 0.9837 0.9499 -0.9373
10:1 1.0002 0.9980 0.9866 0.9566 0.9411
0.10:1 il 0.9981 0.9960 0.9939 0.9580 0.9159
21 0.9977 0.9987 (.9825 0.9493 0.9360
5:1 1.0001 0.9977 0.9918 0.9493 0.9369
10:1 0.9999 0.9979 0.9894 0.9577 0.9385
0.20:} 1:1 1.0012 0.9953 0.9849 0.9644 0.934}
2:1 0.9971 0.9961 0.9823 0.9527 0.9335
5:1 1.0003 0.9977 0.9884 0.9564 0.9462
10:1 1.0002 0.9983 0.9912 0.9665 0.9417

Table C6 The normalized count-based fractal dimension of B particles
in the case of uniform - normal dispersion at various conditions.

Particle size | Concentration Normalized count-based fracta} dimension of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% C 20% 50% 80% 100%
0.02:1 11 0.8288 0.8614 0.9064 0.9371 0.9170
21 0.8460 0.8832 0.9209 0.9668 0.9364
5:1 0.8670 __ 09172 0.9289 0.9459 0.93%0
10:1 0.8933 0.9271 0.9274 0.9326 0.9368
0.04:1 1:1 0.8250 0.8715 0.9220 0.9448 0.9155
2:1 0.8409 0.8799 0.9186 0.9645 0.9409
5:1 0.8674 0.9146 0.9281 0.9485 0.9417
10:1 0.8923 0.9236 0.9296 0.9333 0.9392
0.10:1 1:1 0.8333 0.8726 0.9232 0.9406 0.9211
21 . 0.8344 0.8905 0.9256 0.9699 0.9449
5:1 0.8687 0.9180 0.9333 0.9480 0.9467
10:1 0.8936 0.9316 0.9298 0.9370 0.9425
0.20:1 L:1 0.824] 0.8638 0.9212 0.9345 0.9366
2:1 0.8377 0.8956 0.9224 0.9349 0.9460
51 0.8729 0.9198 0.9302 0.9230 0.9440
10:1 0.8902 0.9315 0.9327 0.9421 0.9433
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Table C7 The normalized count-based fractal dimension of B particles
in the case of normal - uniform dispersion at various conditions.

Particle size | Concentration Normalized count-based fractal dimension of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 11 0.9963 0.9912 0.9483 0.8695 (.7883
2:1 1.0000 0.9910 0.9636 0.8755 0.7828
5:1 1.0000 0.9960 0.9766 0.9114 0.7759
10:1 0.9993 0.9975 0.9838 - 0.9271 0.7871
0.04:1 1:1 0.9938 0.9888 0.9635 0.8641 0.7864
21 1.0000 0.9954 0.9641 08774 0.7743
5:1 0.9999 0.9971 0.9758 0.9119 0.7833
10:1 0.9999 0.9979 0.9847 0.9296 07770
0.10:1 1:1 1.0051 0.9939 0.9602 0.8675 0.7725
2:1 1.0000 0.9896 0.9663 0.8825 0.7906
5:1 1.0006 0.9958 0.9795 0.9201 0.7805
10:1 0.9998 0.9974 0.9868 0.9439 0.7852
0.20:1 1:1 0.997] 0.9927 0.9566 0.8604 0.7844
2:1 1.0000 0.9907 0.9606 - 0.8874 0.8012
5:1 0.99%0 0.9969 0.9800 0.9252 0.7828
10:1 1.0000 0.9987 0.9891 0.9573 (0.7965

Table C8 The normalized count-based fractal dimension of B particles
in the case of normal - normal dispersion at various conditions.

Particle size | Concentration Normalized count-based fractal dimension of B particles
ratio ratio Adhesion probability
B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 0.8247 0.8199 0.8086 0.7912 0.7642
2:1 0.8515 . 0.8332 - 0.8255 0.7965 0.7761
31 0.8745 0.8645 0.8446 0.8058 0.7783
10:1 0.8941 0.8862 0.8614 0.8154 0.7767
0.04:1 1:1 0.8275 0.8105 0.8020 0.7922 0.7817
2:1 0.8430 0.8365 0.8282 0.7908 0.7795
LH| 0.8733 0.8636 0.8486 0.8103 0.7817
10:1 ' 0.8964 0.8881 0.8662 0.8226 0.7897
0.10:1 1:1 0.8262 0.8183 0.8014 0.7956 0.7713
2:] 0.8398 0.8335 0.8214 0.7979 0.7687
5:1 0.8738 0.8657 0.8460 0.8113 0.7762
10:1 0.8935 0.8867 0.8673 0.8260 0.7809
0.20:1 1:1 0.8256 0.8128 0.7975 0.7905 0.7865
2:1 0.8411 0.8381 0.8239 0.8054 0.7938
5:1 0.8690 0.8650 0.850] 0.8210 0.7956
10:1 0.8922 0.8884 0.8714 0.8421 0.8002




Table C9 The normalized count-based fractal dimension of A plus B particles
in the case of uniform - uniform dispersion at various conditions.
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Particle size | Concentration Normalized count-based fractal dimension of A plus B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 160%
0.02:1 1:1 1.0747 1.0734 1.0603 1.0434 1.0t
21 1.0278 10215 1.0042 0.9741 0.9643
5 1.0063 1.0020 0.9875 0.9446 0.9413
10:1 1.0008 0.9987 0.9878 0.9447 0.9358
0.04:1 Ll 1.0778 1.0726 1.0593 1.0333 1.0122
2:1 1.0310 1.0239 1.0076 0.9730 0.9640
5:1 1.0061 1.0016 0.9897 0.9468 0.9388
10:1 1.0016 0.9984 0.9868 0.9466 0.9411
0.10:1 i:1 1.0751 1.0704 1,061 1.0283 1.0096
2:1 1.0294 1.0246 1.0059 0.9733 0.9640
5:1 1.0051 1.0008 0.9886 0.9500 0.9362
10:1 1.0014 0.9982 0.9895 0.9529 0.9404
0.20:1 1:1 10777 1.0679 1.0599 1.0274 1.0091
21 1.0283 1.0228 1.0058 0.9740 0.9709
5:1 1.0055 1.0014 0.9849 0.9576 0.9467
10:1 1.0016 0.9988 0.9913 0.9665 0.9417

Table C10 The normalized count-based fractai dimension of A plus B particles
in the case of uniform - normal dispersion at various conditions.

Particle size | Concentration Normalized count-based fractal dimension of A plus B particles
 ratio _ratio Adhesion probability
(B:A) B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 1.0488 1.0433 1.0420 1.0335 1.0066
2 0.9968 0.9815 0.9781 0.9948 0.9624
5:1 0.9465 .9476 0.9372 0.9483 0.9400
10:1 0.9404 0.9349 (.9284 0.9327 0.9368
0.04:1 1:1 1.0463 1.0463 1.0409 1.0346 1.0084
2:1 0.9866 0.9796 0.9694 0.9888 0.967%9
5:1 0.9475 0.946 1 0.9367 0.9503 0.9429
10:1 0.9396 0.9388 0.9306 0.9336 0.9393
0.10:1 1:1 1.0438 1.0466 1.0444 1.0298 1.0112
2:1 0.9871 0.9813 0.9761 0.9952 0.9675
5:1 0.9486 0.9477 0.9400 0.9497 0.9468
10:1 0,9404 0.9389 0.9304 0.9370 (0.9425
0.20:1 1:1 1.0474 1.0468 1.0410 1.0338 1.0135
2:1 0.9870 0.9855 0.9761 0.9615 0.9663
5:1 0.9515 0.9497 0.9381 0.9245 0.9451
10:1 0.9400 0.9398 0.9307 0.9422 0.9433




Table C11 The normalized count-based fractal dimension of A plus B particles
in the case of nommal - uniform dispersion at various conditions.
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Table C12 The normalized count-based fractal dimension of A plus B particles
in the case of normal - nonmal dispersion at various conditions.

Particle size| Concentration Normalized count-based fractal dimension of A plus B particles
ratio ratio Adbhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 1: 1.0465 1.0319 0.9929 0.9276 0.8327
2:1 1.0065 1.0000 0.9758 0.8922 0.8020
5:1 1.0046 0.9981 0.9778 0.9129 0.7808
10:1 1.0008 0.9978 0.9838 0.9271 0.7871
0.04:1 i 1.0463 1.0329 1.0049 0.9175 0.8444
21 1.0000 1.0098 0.9769 0.8952 0.8001
5:1 1.0041 0.9990 0.9769 0.9131 0.7861
10:1 1.0011 0.9982 0.9848 0.9297 0.7770
0.10:1 1:i 1.0517 1.0331% 1.0000 0.9273 0.8355
2:1 1.0000 1.0062 0.9778 0.8989 0.8160
5:1 1.0043 0.9977 0.9804 0.9211 0.7809
10:1 1.0009 0.9976 0.9868 0.9440 0.7711
0.20:1 1:1 1.0506 1.0340 0.9963 0.9172 0.8471
2:1 1.0214 1.0052 0.9725 0.9010 0.8200
5 1.0032 0.9982 0.9808 0.9259 0.7848
10:1 1.0012 0.9980 0.9892 0.9574 0.7965

Particle size| Concentration Normalized count-based fractal dimension of A plus B particles
ratio ratio Adhesion probability

(B:A) B:A) 0% 20% 50% 80% 100%

0.02:1 1:1 0.8944 0.8866 0.8800 0.8555 0.8398
21 0.8791 0.8659 0.8480 0.8132 0.8093
5 0.8864 0.8717 0.8485 0.8082 0.7792
10:1 0.9001 0.8882 0.8617 0.8157 0.7767

0.04:1 1:1 0.8978 0.8795 0.8789 0.8651 0.8450
F 0.8758 0.8716 0.8549 0.8184 0.8000
LH 0.8845 0.8720 0.8519 0.8126 0.7870
10:1 0.9016 0.8898 0.8665 0.8229 0.7900

0.10:1 1:1 0.8946 0.8860 0.8633 0.8589 0.8362
2:1 0.8692 0.8646 0.8452 0.8244 0.7971
5:1 0.8864 0.8744 0.8492 0.8147 07717
10:1 0.8988 0.8888 0.8677 0.8257 0.7809

0.20:1 1:1 0.9012 0.8859 0.8773 0.8509 0.8344
2:1 0.8753 0.8648 0.8490 0.8232 0.8159
51 0.8830 0.8704 0.8540 0.8217 0.7967
10:1 0.8989 0.8905 0.8717 0.8423 0.7851




Table C13 The nomnalized area-based fractal dimension of B particles in the case of
uniform - uniform dispersion at various conditions.
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Particle size | Concentration Normalized area-based fractal dimension of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 11 0.9574 0.9953 0.9845 0.9810 0.9718
21 1.0035 0.9961 0.9759 0.9750 0.9587
5:1 0.9998 0.9868 0.9650 0.9542 0.9463
10:1 0.9977 0.9809 0.9627 0.9436 0.9309
0.04:1 I:1 0.9997. 1.0097 0.9896 0.9817 0.9765
2:1 1.0194 1.0044 0.9821 0.9684 0.9488
5:1 1.0181 0.9956 0.9773 0.9544 0.9437
10:1 1.0060 0.9879 0.9703 0.9391 0.9240
0.10:1 1:1 0.9992 1.0040 0.9870 0.9715 0.9655
FH| 0.9979 0.9948 0.9696 0.9581 0.9491
5:1 1.0099 0.9852 0.9745 0.9434 0.9310
10:1 0.9954 0.9680 0.9474 0.9215 0.9023
0.20:1 1:1 1.0086 1.0009 0.9819 0.9738 0.9544
2:1 1.0000 0.9880 0.9709 0.9562 0.9518
5:1 1.0179 0.9709 0.9661 0.9536 0.9172
10:1 1.0030 0.9693 0.9386 - 0.9106 0.9089
Table C14 The normalized area-based fractal dimension of B particles in the case of
uniform - normal dispersion at various conditions.
Particle size | Concentration Normalized area-based fractal dimension of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% B0% 100%
0.02:1 1:1 0.5926 0.6379 0.8007 0.9262 0.9767
21 0.3897 0.4912 0.7466 0.9247 0.9402
5:1 0.2245 0.3007 0.6091 0.8867 0.9458
10:1 0.1289 0.2089 0.5220 0.8727 0.9606
0.04:1 I:1 0.5680 0.6558 0.7900 0.9636 0.9658
2:1 0.4219 0.4820 0.7109 0.8865 0.9672
5:1 0.2151 0.3016 0.5788 0.8640 0.9424
10:1 0.1230 0.1989 0.5326 0.8806 0.9411
0.10:1 1:1 0.5681 0.6586 0.7991 0.9484 0.9685
2:1 0.4157 0.4927 0.7230 0.9109 0.9641
5:1 0.2185 0.3043 0.5814 0.8681 0.9510
10:1 0.1252 0.1958 0.4793 0.8244 0.9491
0.20:1 1:1 0.5824 0.6526 0.8134 0.8979 0.9730
21 0.3884 0.5110 0.6702 0.8926 0.9299
5:1 0.2198 0.2993 0.5305 0.8676 0.9375
10:1 0.1297 0.1899 0.4110 0.7769 0.9366




Table C15 The normalized arca-based fractal dimension of B particles
normal - uniform dispersion at various conditions.

Normalized area-based fractal dimension of B particles

Particle sizs | Concentration
ratio ratio Adhesion probability
(B:A) (B:A) % 20% 50% 80% 100%
0.02:1 121 0.9929 0.9659 0.8471 0.7412 0.6602
2:1 1.0144 0.8865 0.7876 0.6467 0.6020
5 1.0023 0.8325 0.6566 0.5554 0.536)
10:1 1.0019 0.74%0 0.6123 0.5139 0.4894
0.04:1 1:1 0.9956 0.9681 0.8618 0.7464 0.6648
2:1 0.9887 0.9435 0.7840 0.6474 0.5713
5:1 0.9952 0.8347 0.6464 0.5683 0.5259
10:] 0.9966 0.7150 0.5709 0.5162 0.4941
0.10:1 i1 1.0088 0.9699 0.8757 0.6968 0.6412
2 1.0041 0.9048 0.7854 0.6383 0.5653
51 0.9986 0.8530 0.6650 0.5332 0.4970
10:1 0.9957 0.7395 0.5849 0.5024 0.4650
0.20:1 1:1 1.0142 0.9560 0.8531 0.6824 0.6413
2:1 1.0089 0.9133 0.7763 0.5914 0.5701
5:1 1.0210 0.8342 0.6522 0.5306 0.4802
10:4 1.0043 0.7817 0.5794 0.4828 0.4759
Table C16 The normalized area-based fractal dimension of B particles in the case of
normal - normal dispersion at verious conditions.
Particle size| Concentration Normalized arca-based fractal dimension of B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 0.5558 0.5644 0.5863 0.6352 0.6426
2:1 0.4093 0.4213 0.4566 0.5272 0.5785
5:1 0.2160 0.2311 0.3184 0.4463 0.5369
10:] . 0.1213 0.1533 0.2695 0.4092 0.49%)
0.04:1 1:1 0.5684 0.5495 0.6099 0.6304 0.6605
2 0.4119 0.4284 0.4567 0.5174 0.5779
5:1 0.2195 0.2305 03119 0.4589 0.5408
10:1 0.1317 0.1500 0.2640 0.3947 0.4943
0.10:1 1:1 0.5827 0,5884 0.5679 0.6058 0.6597
2:1 0.3976 0.3991 0.4453 0.5359 0.5508
5 0.2229 0.2260 0.3085 0.4558 0.4957
10:1 0.1268 0.1424 0.2331 0.3735 0.4539
0.20:] 1:1 0.5733 0.5685 0.5762 0.6008 0.6394
2:1 0.4148 0.4039 0.4269 0.5063 0.5690
5:1 0.2168 0.2325 0.3023 0.3735 0.4996
10:1 0.1287 0.1441] 0.2170 0.3491 0.4650

207




Table C17 The normalized area-based fractal dimension of A plus B particles in the case of
uniform - uniform dispersion at various conditions.
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Particle size | Concentration Normalized area-based fractal dimension of A plus B particles
ratio ratio Adhesion probability
(B:A) (B:A) 0% 20% 50% 80% 100%
0.02:1 I 1.0161 1.0095 1.0149 0.9931 1.0153
2:1 1.0047 0.9905 (.9906 1.0160 1.0081
5:1 1.0032 1.0077 0.9974 1.0002 1.0010
10:1 0.9990 0.9959 1.0046 0.9918 0.9832
0.04:1 1:1 1.0220 1.0186 1.0044 1.0205 1.0156
1 0.9982 1.0096 0.9928 1.0066 1.0119
5:1 1.0215 1.0062 1.0165 1.0045 1.0018
10:1 1.0065 1.0047 0.9984 0.9877 0,9816
0.10:1 1:1 0.9982 1.0085 1.0054 0.9950 0.9931
2:1 1.0094 1.0066 1.0072 0.9956 0.9971
5:1 1.0056 1.0000 0.9967 0.9873 0.9858
10:1 1.0016 0.9900 0.9843 0.9782 0.9770
0.20:1 k1 1.0080 1.0047 1.0091 1.0000 0.9871
2: 1.0118 1.0150 0.9894 0.9969 0.9857
5:1 1.0055 1.0026 0.9984 0.9940 0.9780
10:1 1.0065 0.9903 0.9790 0.9720 0.9599

Table C18 The normalized area-based fraclal dimension of A plus B particles in the case of
uniform - normal dispersion at various conditions.

Particle size | Concentration Normalized area-based fractal dimension of A plus B particles
ratio ratio Adhesion probability
B:A) (B:A) 0% 20% 0% 80% 100%
0.02:1 1:1 0.9975 0.9965 0.9926 1.0103 0.9851
2:1 1.0058 1.0082 1.0188 1.0118 1.0017
51 0.9997 1.0257 10176 1.0228 1.0158
10:1 1.0181 1.0263 1.0210 0.9930 1.0257
0.04:1 Il 0.9857 1.0011 1.0298 1.0051 1.0178
2:1 1.0016 0.9882 0.9931 0.9842 1.0099
5:1 1.0084 1.0143 1.0013 0.9962 1.0059
10:1 0.9859 1.0128 1.0197 1.0226 0.9905
0.10:1 1:1 0.9788 0.9971 1.0364 1.0032 1.0044
2:1 1.0130 1.0167 1.0070 1.0206 1.0188
5:1 1.0093 1.0052 0.9997 1.0150 1.0216
10:1 0.9920 0.9900 0.9817 0.9781 0.9921
0.20:1 1:1 0.9954 1.0038 0.9860 1.0112 1.0043
2:1 0.9918 0.9771 0.9944 0.9918 1.0119
5:1 0.9708 1.0076 0.9640 0.9881 0.9869
10:1 0.8257 0.8550 0.9173 0.9684 0.9758
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Table C19 The normalized area-based fractal dimension of A plus B particles in the case of
normal - uniform dispersion at various conditions.

Particle size | Concentration Normalized ares-based fractal dimension of A plus B particles
ratio ratio Adhesion probability
B:A) B:A) 0% 20% 50% 80% 100%
6.02:1 11 0.5733 0.5498 0.5356 0.5764 0.5893
2:1 0.5520 0.5789 0.5816 0.5767 0.5717
5:1 0.5421 0.5312 0.5600 0.5567 0.5586
10:1 0.5837 0.5627 0.5875 0.5415 0.5696
0.04:1 1:1 0.5702 0.5861 0.5559 0.5689 0.5569
2:1 0.5670 0.5722 0.5600 0.5562 0.5520
5:1 0.5630 0.5723 0.5748 0.5673 0.5504
10:1 0.5965 0.5598 0.5503 0.5581 0.5723
0.10:1 - 1:1 0.5484 0.5771 0.5826 0.5779 0.5684
21 0.5611 0.5574 .5640 0.5487 .5587
5:1 0.5837 0.5716 0.5591 0.5309 0.5319
10:1 0.5445 0.5591 0.5444 0.5643 0.5438
0.26:1 1:1 0.5625 0.5677 0.5548 0.5586 0.5694
21 0.5557 0.5391 0.5608 0.5478 0.5684
5:1 0.5572 0.5676 0.5562 0.5597 0.5384
10:1 0.5802 0.5780 0.5355 0.5172 0.5294

Table C20 The nommalized area-based fractal dimension of A plus B particles in the case of
nommal - normal dispersion at various conditions.

Particle size | Concentration Normalized area-based fractal dimension of A plus B particles
ratio ratio Adhesion probability
(B:A) B:A) 0% 20% 50% 80% 100%
0.02:1 1:1 0.5252 0.5622 0.5549 0.5736 0.5610
2:1 0.5601 0.5596 0.5534 0.5675 0.5521
5:1 0.5544 0.5440 0.5724 0.5637 0.5718
10:1 0.5621 0.5266 0.5863 0.5619 0.5716
0.04:1 1] 0.5481 0.5674 0.5570 0.5875 - 0.5370
2:1 0.5522 0.5635 0.5668 0.5737 0.5656
5:1 0.5767 0.5637 0.5679 0.5747 0.5831
10:1 0.5655 0.5467 0.5520 0.5565 0.5581
0.10:1 I:1 0.5979 0.5593 0.5349 0.5610 0.5774
2:1 0.5300 0.5524 0.5485 0.5532 0.53487
51 0.5245 0.5540 0.5181 0.5439 0.5299
10:1 0.5346 0.5203 0.5353 0.5419 0.5307
0.20:1 1:1 0.5669 0.5610 0.5660 - 0.5679 0.5644
2:1 0.5240 0.5312 0.5457 0.5679 0.5636
51 0.4908 0.5052 0.5288 0.5361 0.5598
10:1 0.4193 0.4303 0.4520 0.5087 0.5457




APPENDIX D

EXAMPLE OF CALCULATION THE QUANTITATIVE INDICES

D.1 Degree of mixedness
Degree of mixedness for the ideal case of uniform random dispersion obtained
from computer-simulated result for the concentration of 5000 particles is calculated as

following.

From M=l—2§-

Oo
Here o = 0.0432
00’ = X(1-%) = 0.0982(1-0.0982)
Thus M = 1-(0.0432/0.2975)

0.8549

D.2 Count-based fractal dimension

Here is an example of the calculation of count-based fractal dimension for the
ideal case of uniform random dispersion. ~ The table and plot below shows the
relationship between N(n) and 1/n obtained from simulation result for the

concentration of 5000 particles.

_ —LogN(n)
Log(1/n)

From Fc

The count-based fractal dimension was obtained by linear regression from the

portion of the most numerous observe data lying on the same straight line.




Thus Fc = 19714
n 1/n N(n) .
4 0.25000 16
5 0.20000 25
8 0.12500 64
10 0.10000 100
16 0.06250 256
20 0.05000 400
25 0.04000 625
32 0.03125 1020
40 0.02500 1541
50 0.02000 2182

Plotting the relationship between log(N(n)) and log(1/n)
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¥y =-1.9714x + 0.0268

-1.8 -1.6 -14 -1.2 -1

-0.8

Log (1/n)

0.2

Log N(n)




D.3 Area-based fractal dimension
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In the case of area-based fractal dimension for ideal case of the uniform random

dispersion, plotting the relationship between coefficient of variation (Ds(n)) and the’

similarity ratio (1/n) (concentration of 5000 particles) gives the following table and

figure.

n 1/n Ds(n)
4 0.25000 0.0525
3 0.20000 0.0794
8 0.12500 0.1286
10 0.10000 0.1548
18 0.06250 0.2328
20 0.05000 0.2879
2 0.04000 03477
32 0.03125 0.4397
40 0.02500 0.5506
50 0.02000 " 0.6981
From chapter 3, Fu = :*I.Lfg‘g(_?-“;?)l

In the same way, the area-based fractal dimension can be obtained by linear

regression to be

Fa = 0.9681
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-1.8 -1.6 -1.4. -1.2 -1 0.8 0.6 0.4 0.2 0

- 0.2
0.4
106 T
y = -0.9681x - 1.8017 a
]
+-08 2

+ =12

-4

Log (1/n)

D.4 Coordination number
D.4.1 Mean :
In binary additive system, a number of adhering particles which adhere
onto core particles can be calculated as follow.
Concentration ratio : 10:1

observe adhesion probability : 74.66%

From Mean = Concentration ratio x observed adhesion probability

]

It

10 x 0.7466
= 7.466

Thus Coordination number = 7.466
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D.4.2 Mode

In the case of coordination number obtained by mode for binary
additive system, The table and plot below show the relationship between mode and
number of adhering particles obtained from the simulation result for the concentration

of adhering particles of 5000 particles and 80% adhesion.

Mode Number of adhering particles
0 0
1 3
2 5
3 7
4. ' 35
5 | 53
6 71
7 94
8 81
9 71
10 43
11 27
12 11
13 4

The mode was obtained from the most number of adhering particles position,
Thus Mode = 7.10

Coordination number = 7.10




213

Frequency

100
90 -
80 +
70 -
60 +
50 -
40 +
30 +
20 -
10 -

T

L

Mode =7.10




APPENDIX E

CRITERIA USED IN SELECTING THE SUITABLE
QUANTITATIVE INDICES

E.1 Single additive systems

The main interest here is the quan‘titative evaluation of the state of dispersion in
single or binary additive systems so that samples obtained under different conditions
and/or different processes can be compared. The criteria used in selecting the suitable
quantitative indexes in the single additive systems are as follows:

1. The suitable index can clearly characterize the type of dispersion as ideal uniform,
ideal normal or nonideal and show a large difference in values between the two ideal
cases. |

2. The suitable index should not be influenced by the particle size since the additive is
often polydisperse in size. Ideally it should also be independent of the particle
concentration as long as there is a sufficiently large number of particles for analysis.

The trends of the relationships between either factor (the concentration or
particle size) and the quantitative indexes ( the degree of mixedness, the count-based
and the area-based fractal dimensions) for both ideal uniform and normal 'random

dispersions is described in the following table.

Concentration Particle size
Uniform Normal Uniform Normal
M ¥ Kk - -

Fe | =+ —+- 0 0

Fa 0 — 0 0
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The symbols in this table are defined as follows:

o It fails to distinguish between the ideal cases when the particle size is

tiny.
+ The value of index tends to increase when the factor increases.
- The value of index tends to decrease when the factor increases.
0 The value of index is essentially constant when the factor changes.

It may be concluded that the aegree of mixedness is not suitable at all when the
particle size is tiny, though it is slightly affected by the concentration when the particle
size is big.

The count-based and area-based fractal dimensions are suitable indexes because
they do not depend on the particle size and are only affected somewhat by the
concentration. The drawback can be miminized by using the normalized fractal

dimensions. In fact, the area-based fractal dimension is the most suitable.

E.2 Binary additive systems

The criteria used in selecting the suitable indexes for the A particles in the
binary additive systems are the same as the case of the single additive systems. The
criteria used in selecting the suitable quantitative indexes for the B particles or A plus

B particles in the binary additive systems are as follows:

1. The suitable index can clearly characterize the type of dispersion as ideal uniform,
ideal normal or nonideal and show a large difference in values between the two ideal
cases.

2. The suitable index should not be influenced by the B : A particle size ratio. Ideally it
should also independent of the B : A concentration ratio as long as a sufficiently

large number of particles is present.
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3. Furthennore,- the index should certain as much information as possible on the
adhesion probability of B on A.

The trends of the relationships between each factor (the adhesion probability,
the B : A concentration ratio and the B : A particle size ratio) and the quantitative
indexes ( the degree of mixedness of B particles, the normalized count-based and area-
based fractal dimensions and the coordination number) for the four combinations of

ideal dispersion are described in the following tabe.

Adhesion probability Concentration ratio Particle size ratio

UUJUN|NU|NN|UU|[UN|NU{NN]|JUU|UN|[NU[NN

M| B | » % *% ¥k *u e *k *k
F&' | B [—|—- =14 o o] oo
A+tB| — 0 0 0 0
F, | B : olo]olo
A+B| = * * * * * * * * * * *
CO. Mean| | 4| 4[4 | X [ X [ X [ X[ X[ X[ <
Mode| 4| 4= | [ X [ X | X [ X[ XX <[>

The symbols in this table are defined as follows:

uu
UN
NU
NN

Uniform A - uniform B random dispersion
Uniform A - normal B random dispersion
Normal A - uniform B random dispersion

Normal A - normal B random dispersion

It is rather confusing to estimate the adhesion probability from the

index.
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* It fails to distinguish between the dispersion type when both the B : A
particle size ratio is small and the B : A concentration ratio low.
* It fails to distinguish between the dispersion type when the B : A

particle size ratio is small,

X It fails to distinguish between types of dispersions.

+ The value of index trends to increase when the factor increases.

- The value of index trends to decrease when the factor increases.

0 The value of index remains essentially constant when the factor
changes. |

As expected from its definition, coordination number can not characterize the
type of dispersion of A and/or B particlés nor evaluate the degree of dispersion, It is
however used to double check the estimate of the adhesion probability when the A
particles follow an ideal random dispersion and is needed to estimate the adhesion
probability when the A particles follow some non-ideal random dispersion.

The normalized area-based fractal dimension of A plus B particles is not
suitable for evaluating the degree of dispersion and characterizing the type of
dispersion of the mixture. This is because each A particle has a much greater area than
the B particles, so the A particles camouflage the effect shown by the B particles.

The normalized count-based fractal dimension of A plus B particles is also not
the suitable index. It is found that the effect of the adhesion probability is rather
confusing when A and B are of different dispersion types and different concentrations.

The degree of mixedness can not be used for evaluating the dispersion state and -
characterizing the dispersion type and the adhesion probability in a binary system. This
is because it is a poor indicator of the adhesion probability at low B : A concentration

ratio and/or small B : A particle size ratio.
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Both the count-based and area-based fractal dimensions do not change when
the particle size ratio increases, so they are suitable quantitative indexes for evaluating
the degree of dispersion of binary additive systems. These indexes can be used together
to characterize the type of dispersion and to estimate adhesion probability for the four

combinations of ideal dispersions.
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