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CHEMICAL EQUILIBRIUM

n
C 1j = Ki fl x"

m

Yj= fla 1 cl 1jc - T
i=1
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LOGARITHMIC FORM,

* ~~~~~~~~~m

* =~~~ci + (3);

* ~~~~~~~~~~j=1

* ~~~~~~*= log C

* ~ ~~~~K*= logK~ 4

* ~~~~~x*= logXj

* ~MATRIX FORM

0~~~~~~ 



C02 PARTIAL PRESSURE

logKI = logK - logPC0 (6)
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W JACOBIAN MATRIX ZJK
0
0
* m c
* ZJk = 1 (7)a1ja1k���L7
* 1=1 k
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SOLIDS PRECIPITATION

ONE OR MORE SOLID (NON-FIBROUS) PHASES

ACTIVITY OF SOLID I, C11 = .

xjj =
n -2.

:1=ij*JJ
0

m
Yj= E ,,C + a1,,,S11, - ,

1=i
1*11i

FOR COMPONENT JJ, Yjj

m

- Ei=i
Si,= �i*ii

= 0

0
0
0
0

(8)

(9)

0

(2.0)

S
0

ailiic, -



EauILIBRIUM BETWEEN
FIBER SOLIDS

TRACE

PROTONATION/DEPROTONATION
AMPHOTERIC SURFACES

CATIONS AND

REACT IONS AT

SOH + H+ = SOH~

SOH - H+ =-CTo-

= SURFACE

0
0
0
0
0
0
0

POSITIVE
~POSITIVE

0
0

0
0
0
0

0
0
0
0
0
0
0

HYDROXYL GROUP

[ SOH]l

= ISO-]

SURFACE CHARGE = EXCESS OF
GROUPS OVER NEGATIVE GROUPS

Ty= [SOH]l - [SO-] mol
L

SOH

(11)

-FTF

[SOH] [H~l -1[e R7 ] K

(12)

(13)



ADSORPTION ONTO A CHARGED SURFACES

CONCENTRATION"1 OF SURFACE CHARGE

=CT (s)

MASS ACTION EQUATIONS SOHU
ELECTROSTATIC POTENTIAL

HW , OH- ,

[OHI

[SaOH2 +] [SOB]

[S0o] [SOH](e

(HIl

(-FT
e RT )[H~J

ESOHJ

p RT [HIl-'-

K 1= [OH-]

K2 = [SOH]+

K 3= [SO-].

"TOTAL

0

0

0
0
0

0
0
0
0

0

(14)

AND

(15)
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REDox REACTIONS

P e = LOG(ELECTRON CONCENTRATION)

Pe = -log1 0e EH = . 5 9 og 1 0e (17)
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IONIC STRENGTH

DAVIES APPROXIMATION FOR ACTIVITY
COEFFICIENT F

IONIC STRENGTH p

log = -
L/2

1+IJ, -vl

IONIC STRENGTH:

v = I I:Zi
2 li

= CONCENTRATION
= IONIC CHARGE

OF
OF

SPECIES
SPECIES

logK* =

ajZ -(Z aZJ) 2 A1 + 1/2 -0 ,2 )+1og
z II·1

0
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0

SOLUTION TECHNIQUE

NEWTON RAPHSON METHOD - ITERATIVE FORMULA

y(x) = 0 (21)

FOR X GIVEN THE VALUE OF X AND DY/DX AT
THE NTH ITERATION 0

Xn + 1 = X n_ y

dy (22) 

dx

MATRIX EQUATION S

yn= -Z (X2 - +1) (23) ·



CONVERGENCE

Iyj I
max (Y.)

MAX(Y.) IS THE
VALUES OF-THE

MAXIMUM OF-THE
SET OF TERMS

ABSOLUTE
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TABLE I. MAPPS EQiuILIBRIUM COMPONENTS

SYMBOL SYMBOL SYMBOL

CA(2+) ZN(2+) TzO(2+)
MG (2+) AL (3+) NH3
K+ Cs(+) S(2-)
NA+ CU(+ SiO2(OH)2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( 2 - )

FE(3+) H+ S203(2-)
FE(2+) _________CN-

MN(2+) C03(2-) AC-
Cu(2+) S04(2-) ACAC-
BA(2+) CL- CIT(4-)
OX- ENO GLU(2-)
SAL(2-) DIPO NTA(3-)
DCTA(-4) SUSAL(-) EDTA(4-)
PHTH(2-) PHE(-) SCN-
NH20H N03- TRIS
SURFACE SOH
CHARGE__ _ _ _ _ _ _ _ _ _ _ _ _ _

0
0
0
0

0
0
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0
0
0
0
0
0
0
0
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0
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SOME OF
DEFINED

THE MORE
IN TABLE

UNUSUAL COMPONENTS ARE
II.

SYMBOL NAME

AC- ACETATE

ACAC- AC ETYLAC ETON E

CIT (4-) CITRATE

SAL(2-) SALI CYLATE

ENO ETHYLENEDIAMINE.

DIPO DIPYRIDYL

GLU(2-) GLUTAMATE

NTA(3-) NITRI LOTRIACETATE

EDTA(4-) ETHYLENEDIAMINE--
___ ___ __ ___ ___ __TETRAACETATE

DCTA(4-) 1,2
DIAMINOCYCLOHEXANE

___ ___ __ ___ ___ __T ETRAACETAT E

PHTH (2-) PHTHALATE

PHE-' PHENYLALANINE

SCN- TH IOCYANATE

TRIS TRIS (HYDROXYMETHYL)
____ ___ ____ ___ ___-AMINOMETHANE

SUSAL (3-) ISULFOSALICYLATE

0
0
0
0
0

0
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0
0
0
0
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SOLIDS SEPARATION

PRESSURE DROP

AP=~~~~~~~

REJECT SEPARATION

e~r =1 -

2~~2
a 2 D

EFFICIENCY

_(D 0.1152
e\Dso

= PARTICLE DIAMETER

D 50 = DIAMETER FOR 50% SEPARATION EFFICIENCY

(1)

(2)

DP

9
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D 5 0 2.7 (3)-

pp-p 0

=tan( )It(1 -RF) 

RF= TOTAL REJECT FLOW SPLIT 
0 ANGLE OF THE CYCLONE 0
0=VOLUMETRIC FLOW RATE 0

ILL =LIQUID PHASE VISCOSITY 00
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COLOR MATCHING

TRISTIMULUS VALUES, XI Y, Z

X = k R (1)

Y = k R (1)

Z = k R (1)

s (XY i(X)

S(X1) V-(X)
S (X) Z (X)

SPECTRAL POWER DISTRIBUTION S
WAVELENGTH INTERVAL R
SCALING FACTOR K

k = 100
S (Xk) Y(X)

ILLUMINANT C AND D65
2 AND 10 DEGREE FIELD OF VIEW

0

0

0

0



NEED FUNCTIONS CORRELATED WITH HUE,
SATURATION, DEPTH, VIVIDNESS, REDNESS-
GREENESS AND YELLOWNESS-BLUENESS

CIE 1976 L* A* B* SPACE

L*=116 Y 3-16

Y
L*=903.3 

Yn

for >0.008856
Yn

for Y -<0. 008856
Yn

A* AND B* FUNCTIONS OF X/XN,, Y/Y, AND Z/ZN
S
S
S
S
S
S
S
S
S
S
S0
S
S
S0
S
S
S
S
S
S
S0
S
S
S
S
S0
S



VISUAL COLOR DIFFERENCE DEFINED BY

AE = VAL* 2 +Aa * 2 +Ab*y

COLOR MATCHING - TOLERANCE
COLOR MATCHES < 2
BLACK VS. WHITE = 100

IN COMMERCIAL
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0
0
0.
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PREDICTION OF SATURATED COLOR IN PAPER

KUBELKA-MONK

Rx = 1+ 2 + )S YS\/S S

ASSUMPTIONS:

DYES DON'T CONTRIBUTE
INFLUENCE ABSORPTION

TO SCATTERING

DYE ABSORPTION COEFFICIENT - K1
LIGHT SCATTERING CAUSED ONLY BY SUBSTRATE

m
+ i= K1 C

i=i

0
0
0
0
0
0
0

0

0
0
0

0

0

0

0

0

- ONLY

K dyed s
\ S dyed sheet ( ()substrate



REFLECTANCE OF BASE SHEET:

( undyed pulp
= p0 +ps + P3X2 + p 41 + 01 )=

REFLECTANCE AT 457 DETERMINED
PERFORMANCE ATTRIBUTE SYSTEM

FROM
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0
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Delta E Values for IPST Handsheets
Dye Loadings in oz./ton

Blue - Red 2 degrees 2 degrees 10 deg 10 deg

Black Illum C Illum D65 Illum C Illium D65

2.5/0/0 1.13 0.989 0.7788 0.733

0/2.5/0 1.33 1.27 0.988 - 0.988

0/2/0 0.65 0.60 0.448 0.62

1.35/0/.45 1.49 1.36 1.07 0.95
/ 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1.35/0.75/ 1.55 1.50 1.07 1.00
0 _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

1.8/0.45/0 1.39 1.28 1.04 0.99

1.8/0.75/0 1.42 1.30 1.02 0.93

1.5/0.6/ 1.42 1.30 1.04 0.95
1 .2_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1.5/0.6/ 1.38 1.28 1.06 0.99

40
0
0
0
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0
40
0
0
40
0
0
0
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0
0
0
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0
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0
0
0
0



Delta E Values for Couch Handsheets
Dye Loadings in Lb/Ton

Blue/Red/ 2 Degree 2 Degree 10 Degree 10 Degree
Yellow Illum C Illum D65 Illum C Illum D65

0/0/0 3.65 3.88 3.62 3.73

1/1/3 2.77 2.92 2.87 3.08

3/1/1 4.9 5.1 4.9 5.1

1/3/1 3.45 3.72 3.41 3.65

10/10/5 0.41 0.407 0.500 0.679

5/10/10 1.57 1.36 1.27 1.14

10/5/10 1.66 1.77 1.92 2.08

5/15/5 2.76 2.68 2.51 2.48

15/5/5 2.51 2.41 2.38 2.31

5/5/15 1.64 1.65 1.65 1.75

0
0
0
0
0

0
0
0

0
0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0



Delta E Values for Machine Papers
Dye Loadings in Lb/Ton

Blue/Red/ 2 Degree 2 Degree 10 Degree 10 Degree
Yellow Illum C Illum D65 Illum C Illum D65

0/0/0 4.16 4.10 3.80 3.78

1/1/3 2.45 2.31 2.11 2.03

3/1/1 0.703 0.631 0.331 0.425

1/3/1 2.35 2.13 1.87 1.60

10/10/5 5.07 5.02 4.62 4.60

5/10/10 5.81 5.61 5.16 4.97

10/5/10 5.69 5.60 5.65 5.63

5/15/5 6.03 6.00 5.45 5.40

15/5/5 4.47 4.34 4.00 3.86

5/5/15 6.39 6.18 5.73 5.60

0
0
0
0
0
0
0
0

0000
0*

0
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0000
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"RUN MAPPS40"

(BATCH FILE)
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