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ABSTRACT

The equilibrium phase diagram for the system sodium sulfate-methanol/
waterzsulfuric acid at 35° was determined. The nucleation, and growth
characteristics of sodium sulfate have been studied in a laboratory scale
crystallizer (Mixed Suspension Mixed Product Removal 'MSMPR') under care-
fully controlled conditions of supersaturation, temperature, agitation rate
and residence time. From a statistical analysis of the data it was
found that supersaturation, temperature, the interactions of supersatura-
tion with temperature and agitation rate with temperature had positive
effects on growth and nucleation rates, while agitation rate, residence
time, the interactions of agitation rate with supersaturation, residence
time with supersaturation had negative effects on growth and nucleation
rates.

The 'order' of the nucleation process, b, defined by B = KNSb was
about 5. The growth rate, defined by G = KGSC was first order (C = 1).
For both processes the activation energy varied from 12 to 15 kcal/mol.
The growth process was considered to be surface integration controlled
for the various conditions tested. The nucleation rate was considered
essentially to be homogeneous nucleation.

A non-linear mathematical relationship was developed for both growth
rate and nucleation rate in terms of the three factors, temperature, super-
saturation and residence time. In both the growth and nucleation rate
models the measured data fit poorly. This indicates that the model (a

reaction rate type) poorly represents the data for crystallization found

in this study.



CHAPTER

]

TABLE OF CONTENTS

.1 INTRODUCTION

—

1.2 REASON FOR THE STUDY

LITERATURE SURVEY
2.1 CRYSTALLIZATION HYPOTHESIS
2.2 PREVIOUS WORK ON CRYSTALLIZATION FACTORS

EFFECT OF ALCOHOL
AGITATION RATE
TEMPERATURE
SUPERSATURAT ION
RESIDENCE TIME

[ ST LI G S )
MDD N
V16 EWN

2.3 SODIUM SULFATE SOLUBILITY

2.4 PRINCIPLES UNDERLYING EQUIPMENT CHOICE

BASIS AND EXTENT OF EXPERIMENTAL STUDY
3.1 THEORY

3.2 EXTENT OF EXPERIMENTAL WORK

APPARATUS AND EXPERIMENTAL TECHNIQUE

L.1 APPARATUS

o
N

EXPERIMENTAL TECHNIQUE

PHASE DIAGRAM

METHOD OF WET RESIDUE PRINCIPLE
TECHNIQUE OF DETERMINATION
ANALYSIS OF PHASE DIAGRAM CRYSTALS

s i Sl
LSS IN S B N

N -

CRYSTALLIZATION RATE EXPERIMENT

TEST SOLUTION PREPARATION
EXPERIMENTAL PROCEDURE
SIEVE TEST ANALYSIS
METHANOL EFFECT

i g S R w
W W W W
W N -

RESULTS AND ANALYSIS

5.1 CRYSTAL SIZE AND POPULATION DENSITY

PAGE

QO\WOV\O oo (o o] E =

—_—
o

—
—_—

13
14

16
16
16
16
18
18
20
22
22
22
24
25
27

27



5.1.2 CRYSTAL SHAPE FACTOR ‘ 28
5.2 CRYSTAL SIZE DISTRIBUTION . 34
5.3 KINETIC RATE VARIATION AND KINETIC CONSTANT 35

.5.3.1 EFFECT OF SUPERSATURATION AND TEMPERA- 37

TURE ON GROWTH

5.3.2 EFFECT OF TEMPERATURE AND SUPERSATURA- 37
TION ON NUCLEATION

5.4 DETERMINATION OF ACTIVATION ENERGY Lo

5.5 FACTORIAL ANALYSIS 43

5.6 REGRESSION ANALYSI!S 57

5.6.1 GROWTH RATE 58

5.6.2 NUCLEATION RATE 59

6 DISCUSSION AND CONCLUSION 61
6.1.1 EFFECT OF SUPERSATURATION 61

6.1.2 EFFECT OF AGITATION RATE 62

6.1.3 EFFECT OF RESIDENCE TIME 62

6.1.4 EFFECT OF TEMPERATURE 63

6.1.5 EFFECT OF FACTOR INTERACTION 63

6.1.6 EFFECT OF FACTORS ON YIELD 64

6.2 CONCLUSIONS 65

6.3 RECOMMENDATIONS 68
BIBLIOGRAPHY 69
NOMENCLATURE 72

APPENDICES
] SPECIFIC GRAVITY OF METHANOL/WATER SOLUTION 73
2 GROWTH, NUCLEATION RATE VERSUS SUPERSATURATION 75
3 : MEAN SIZE AND COEFFICIENT OF VARIATION 80
4 GROWTH, NUCLEATION CONSTANTS AND ACTIVATION ENERGY83
5 COMPUTER PROGRAM - ‘ 85
6 POPULATION DENSITY, CRYSTAL SIZE TABLE 90
7 GROWTH, NUCLEATION RATES VERSUS SUPERSATURATION .177
: PLOTS
8 EQUIPMENT LIST 1193

9 REGRESSION ANALYSIS PROGRAM AND RESULT ”Lgﬁ
iv



10

12

13

1

LIST OF FIGURES

SCHEMATIC DIAGRAM OF EQUIPMENT

PHASE DIAGRAM

PHOTOGRAPH OF CRYSTALS

POPULATION DENSITY VERSUS CRYSTAL SIZE
COEFFICIENT OF VARIATION GRAPH

GROWTH RATE VERSUS SUPERSATURATION PLOT
NUCLEATION RATE VERSUS SUPERSATURATION PLOT
GROWTH RATE CONSTANT VERSUS 1/T°K

NUCLEATION RATE CONSTANT VERSUS 1/T°K

LIST OF TABLES

GROWTH RATE AND NUCLEATION RATE VERSUS SUPER-
SATURATION

CRYSTAL SIZE FRACTION VERSUS WEIGHT AT VAR[OUS °
RESIDENCE TIME -

GROWTH AND NUCLEATION RATE CONSTANTS WITH CALCULATED

ACTIVATION ENERGY

FACTORIAL DESIGN DEFINITION

GROWTH RATE WITH THEIR CORRESPONDING FACTORS
ANALYS!IS OF DATA YATES'S METHOD FOR GROWTH RATE
SIGNIFICANCE POINTS TEST (GROWTHi

ANALYSIS OF VARIANCE FOR GROWTH RATE

RESULT OF ANALYSIS OF VARIANCE FOR GROWTH
NUCLEATION RATE WITH THEIR CORRESPONDING FACTORS
YATES'S METHOD (NUCLEATION)

SIGNLFICANCE POINTS TEST (NUCLEATION)

ANALYSIS OF VARIANCE (NUCLEATION)

RESULT OF ANALYSIS OF VARIATION

17
21
26
31
36
38
39
iy
42

32

33

Ly

ke
L7
48
51
52
53
53
54
56
56
57



ACKNOWLEDGEMENTS

I wish to place on record my sincere gratitude to Dr. K. Pinder, under
whom this investigation was conducted, for his guidance in helping to
carry out this project.

| wish to thank my State government (Imo State of Nigeria) for their
financial support during the course of this project.

I would like to express my deep appreciation for the assistance of
Mr. M. Ohanomah in debugging the computer program.

My grateful acknowledgement is also due to my mother for her love and

permission given to me to carry out the project.

vi



CHAPTER |

INTRODUCTION :

Whenever a crystalline solid is formed out of other phases, whether
solid, liquid or gas, the process is known as crystallization. It is a
commonly used industrial separation and purification technique. Fundamental
research on this unit operation has focussed mainly on understanding and
predicting the particulate nature of the crystalline phase, recognizing
that better knowledge and control of this aspect will permit improvements
in the unit operation of crystallization, both as a separation and purifi-
cation technique.

Although thorough scientific investigations into the nature of crystal
structure have been carried out, very limited reliable information has
been published on the chemical engineering aspects of crystallization.

In most cases, plant design is still based almost entirely upon experience
and tradition rather than on scientific measurements. In some industries
where crystallization is employed on a very large scale, the equipment has
been brought to a high state of perfection, but this has been mainly an out-
come of long experience with the particular product. The basic principles,
an exact knowledge of which will enable the chemical engineer to calculate
the dimensions of an installation for any specific performance, have not

yet been fully analysed. As a result, many chemical works are using primi-
tive disign methods for crystallization units. The erystal size distribu-
tion (CSD) of the product, which is a basic parameter in any crystallization
process, is a function of the kinetics of the process and in most caseé this
basic information, needed for a scientific knowledge of crystallization, is
lacking.

The formation of a new phase from a mother phase can be considered as



involving two processes viz: the formation of three-dimensional (in some
cases two dimensional) nuclei and the growth of these critical nuclei to
macroscopic dimensions. The former is known as nucleation and its rate is
defined as, ''the number of nuclei formed per unit time per unit volume of
reaction phase;' while the latter i{s the growth rate and-is expressed as, 'the
rate of linear translation of a growing crystal face.' The experimental
study of nucleation rate is rendered particularly difficult by the fact that
in the early stages of crystallization both nucleation and growth take place
simultanéously. The nuclei themselves are difficult to observe and count,
and it becomes necessary to 'develop' them to an observable size by growth.
Attempts have been made to measure the nucleation rate without interference
of the growth phase but often the conditions for the experiments are so

idealised that they are very difficult to reproduce in practice.

Over the last 15 years the engineering understanding of this unit oper-
ation has received a tremendous boost from the application of the concept of
the crystal population balance which was developed by Randolph and Larson.37
The approach has facilitated the manipulation of crystal size distributions
to satisfy given engineering and commercial criteria. It has highlighted

the importance of crystal growth and nucleation rates and the extreme dif-

ficulty of scaling up the latter to plant conditions.
[1.2] INTEREST FOR THIS STUDY

The use of chlorine dioxide in the kraft pulp and paper industry, for
the bleaching of wood pulp, has become universal. |t is estimated that at
least 200 chlorine dioxide generators all over the world are operating using
the Mathieson, Solvay or R2 processes. In the majority of the mills where
environmental protections laws have been enforced the spent acid from these

generators is neutralized with black liquor and burned in the recovery furnace. -



Where previously there were sufficient losses of sodium sulfate in
the brown stock washers and the furnace to make this feasible, the im-
proved water utilization now practiced by most mills and the increasing
consumption of chlorine dioxide mean that there tends to be an excess
of sodium and sulfur in the furnace smelt.

Many processes and methods have been suggested to deal with the
excess sodium and sulfur produced during the bleaching reaction. One of
these methods is the 'Acid Recovery Process' (ARP) described by Lobley

23

and Howard. In this process (ARP) the sodium sulfate is removed from=-
the strong (9N) sulfuric acid solution by crystallization. Rather than
use evaporation to produce the required supersaturation for crystal
growth, in this process the solubility of the salt is reduced by 'salting
out', that is, an organic solvent, methanol, {s added to the water solution.
Since this is not a common chemical engineering method of crystallization,
the behaviour of such a process is of fundamental interest.

This study has also been motivated by the importance of the Kraft
industry to British Columbia and the need to reduce the pollution caused
by the disposal of the cholorine dioxide generator effluent. The presently
used crystallizers are simple CSTR's with a ten minute residence time.
The effect of the various design parameters are not understood and no
effort has been made to produce a reactor which will give a good particle
distribution.

This work seeks to determine both the growth and nucleation rates for
the methanol precipitation of a solution of similar concentration to that

produced industrially, and the effects of supersaturation, agitation rate,

residence time and temperature on these rates.



CHAPTER 2

LITERATURE SURVEY

2.1 CRYSTALLIZATION HYPOTHESES:
Many theories have been put forward to explain the process of crystal-

5

lization. According to Becker,” the rate of nucleation is a function of
activation energy for diffusion and of the work required to form the Sur-
face of the nucleus. ''The growth process is also amenable to the same
kind of treatment as that for nucleation on the assumption that crystal
growth is essentially a two dimensional nucleation process." McCabe,25
observed that, ''neither nucleation nor growth can occur unless the pre-
cipitated substance has a lower thermodynamic‘potential after crystalliza-
tion than before. Also the Gibbs condition for stability of a crystal |
namely,--that for a given volume the surface free energy shall be a min-
imum--, is confirmed." Evidence of various kinds have been suggested

to show that, there is a definite equilibrium shape for crystals of a

given solute precipitating from a particular solvent. There is no ten-
dency for a macroscopic crystal of non-equilibrium shape to approach an
equilibrium shape unless crystal growth is permitted. Barkhuysenh
explained the growth of crystals by assuming that the rate of growth depends
on the diffusion rate. Van Hookh7 in his study of the kinetics of sucrose
crystallization, concluded that the rate of growth of a crystal is deter-
mined primarily by some interfacial (homogeneous, chemical) reaction in-
stead of an interboundary (heterogeneous, physical) reaction. This was
postulated from the observation that distorted sucrose grystals were
frequently produced from impure syrups. Unequal and variable growths of

various faces occurred rather than the uniform and ordered growth which

would be expected on the basis of a simple diffusion mechanism. He



showed that, in general the presence of impurities in sucrose syrups
depressed'the normal rate of crystallization; and also confirmed that the
rate-controlling step in sucrose crystal growth is a surface reaction
and not diffusion of solute from the bulk of the solution to the surface.
Laurent20 derived mathematical relations for the number of nuclei
formed in a given time and the rate of crystallization, based on the
energy of the atom. He utilised this law to explain allotropic trans-
formations. In another mathematical approach, Ramberng applied thermo-
dynamic principles and the relation between mechanical pressure and partial
vapour pressure (or escaping tendency) to explain the force or energy
of crystallization.

3 discussed the hypothesis of Rosshz that, ''the

Badger and Seavoy
process of dissolving a substance in water involves a chémica] reaction
reéulting in the formation of new compounds which can be designated as
'molten hydrates' of the solute.'" Continuing this line of thought,

""the formation of a crystal resolves into a process of freezing just as
ice is created from water. Upon lowering the temperature of a solution,
a molten hydrate>freezes to the solid state. The heat effects are con-
sidered as a combination of the heat of reaction and the heat of fusion
or what is normally called the heat of crystallization." RossL}2 ration-
alized his hypothesis to account for crystal growth by presenting photo-
graphic evidence to the effect that, ''there is a field of attractive force
surrounding the original nucleus and nuclei agglomerates which combine
to form the small crystals, and these small crystals grow by attracting
nuclei which attach themselves in ;n orderly arrangement to the growing
crystals. Each crystal substance appears to have its owﬁ inherent rate

of growth which is somehow related to the attractive force on each different

face of the crystal with which it builds itself by the above phenomenon.'



In their study of the growth of magnessium sulfate heptahydrate
crystals, Liu et al,ZI reported that the growth of crystals from solution
involves two phenomena occurring in series: '"the transport of solute from
the bulk supersaturated solution to the crystal surface, and the incor-
poration of solute into the crystal lattice, normally called surface inte-
gration. When the solution is quiescent or only slightly agitated, mass
transport is essentially due to molecular diffusion and hence is ffequently
slower than surface integration and is rate limiting. When agitation
of the bulk solution is stronger, convection and eddy diffusion will in-
crease the mass transport rate so that both steps may be rate limiting.
With stronger agitation, the mass transport process becomes the faster
one énd the growth rate is controlled by the surface integration step."
Voll\ﬂerli9 developed an absorption theory of crystallization in which he
visualized the absorbed molecules as wandering quite freely over the surface
until they were desorbed, attached to the surface at a point of growth,
or formed with other molecules a nucleus for a new lattice-~layer.

It has been shown that crystal nucleation occurs by at least three
separate mechanisms called homogeneous, heterogeneous, and secondary.
Homogeneous nucleation occurs from clear solutfons by molecular driving
forces, heterogeneous nucleation is stimulated by the presence of foreign
substances or substrates while, secondary nucleation occurs due to the
presence of crystals of the solute phase and commonly occurs at super-
saturations lower than that required for homogeneous or heterogeneous
nucleation. In the case of secondary nucleation, Mason and Strickland-
Constable2h suggested that three stages are involved. The first is
initidl breeding which results when dry seeds are placed in solution
and microscopic crystal-dust washes off the dry seed nuclei. The second

is needle breeding resulting from the breakage of large dendritic growth.



The third is collision breeding in which nucleation is induced by colli-

sions of seed crystals with solid surfaces.



2.2 PREVIOUS WORK ON CRYSTALLIZATION FACTORS
[2.2.1] EFFECT OF ALCOHOL:

Thompson and Molstadl*6 determined the solubility and isotherms for
potassium and ammonium nitrates in aqueous isopropanol solutions over
the temperature range 25-70°C. Both salts are very soluble in water
and their solubilities increase greatly with increasing temperature.
They found, that 15 1b. of isopropanol added to 100 1b. of saturated
aqueous solution of potassium nitrate (KN03) at 40°C resulted in the
precipitation of forty-four percent of the dissolved salt. The salt
recovery would be increased to 68% if another 50 1b. of isopropanol
were added. |In other words, an increase in the quantity of added diluent
resulted in a higher yield of salt. D.H. Kohn, |. Yaron et al,‘6 found
that, the fractional conversion of acid sodium sufate to the neutral
salt and the subsequent precipitation of the neutral salt as a function
of the organic liquid/aqueous solution ratio exhibited an initial rapid
rise followed by a slowef approach to a maximum value as the ratio
increased; higher initial concentration and lower temperature facilli-
tated conversion and precipitation. Buttler and Dunnicliff8 found that
the extraction of dry sodium bisulfate with absolute alcohols (including
meéthanol) gave a mixed solid of the composition NaZSOA- NaHSOh even
after prolonged treatment, whereas moist alﬁohol gave neutral sodium

sulfate.
[2.2.2] AGITATION RATE

The rate at which a single crystal grows at a given temperature
under a constant supersaturation condition can be altered appreciably

by agitating the liquid or by rotating the crystal in the liquid. The



rate of growth increase initially as the relative velocity between crystals
and liquid is increased, but conditions are soon reached when a further
increase in agitation rate has no effect.lo Coulson and Richardson]o

also showed, that in all cases, rotational speeds of crystals in excess

of about 20 rev/min had little effect on the growth rate. Similar re-

sults have been reported for the growth of sucrose by Van Hook, Al'8 and

for copper pentahydrate crystals from their supersaturated aqueous solutions

by McCabe and Stevens, R.P.20 In -“most cases it has been observed

(6,13,27,35,44)

that, circulation rate only increases single crystal growth

up to a limiting value.
2.2.3 TEMPERATURE

The influence of temperature upon both conversion of potassium bi-
sulfate to neutral sulfate and the subsequent crystallization of the neutral
salt has been reported by Kohn, D.H., |. Yaron et al,]6 who stated that,

a decrease in temperature enhanced both conversion and crystallization.
Chanakya Misra and E.T. White9 observed that crystal growth varied as

the Arrhenius temperature law, for aluminum trihydroxide. Liu, C.Y.,

Tsuei, H.S. et aIZI confirmed this model for magnessium sulfate heptahydrate
crystals. The growth rate of the hemihydrate and gypsum was reported

by A.B. Amin and M.A. Larson,] to increase at higher temperatures but

the nucleation rate to be lower.
2.2.4 SUPERSATURATION FACTOR

According to J.W. Mullin and C. ~Gaska?8 the growth rate increases
with supersaturation, slowly at the initial stages but more rapidly as
the supersaturation is increased. They also observed that growth appar-

ently ceased below AC = 0.2g KZSOA/IOOQ H,0. Of interest is the fact



10

that supersaturation did nof influence only the growth and nucleation
rates, but also the habit and quality of crystals. Tadao Kawakamil‘5
showed that the rate of growth of copper sulfate was nearly proportional
to the concentration of copper sulfate solution and its viscosity. Ishii,
T]h also reported a first order relationship for potassium sulfate.

33

Nyvit, J., stafed that for the small degrees of supercooling normally
found in industrial crystallizers, growth rate increased linearly with
supersaturation. In another work, Mullin et a129 recorded that potassium
sulfate crystals in the 250-2500 micron size range grew at a rate propor-
tional to the square of the supersaturation. Rosen and Hulburth] reported
an identical functionality for the 60-2000 micron size range. A decrease

in nucleation rate with increase in supersaturation has been reported by

Randolph, A.D. and Cise, M.D.,36 and confirmed by Randolph and Ra_]agopa].L‘O
2.2.5 RESIDENCE TIME

It has been reported [A.B. Amin and M.A. Larson]] that the net
result of different residence times.{n continuous crystallizers was the
generation of a AIfferent supersaturation and consequently different growth
and nucleation rates. For the crystallization of calcium sulfate from
phosphoric acid, a larger residence time and consequently lower supersatur-

b3

ation gave a larger sized product.

2.3 SODIUM SULFATE SOLUBILITY

A search of the literature for information on the solubilities of
inorganic salts in various anhydrous alcohols will show that comparatively
little work has been reported. Most of the data have been obtained for
salts in aqueous alcohols.15 The solubilities of the salts in these alco-

hols show a wide variation with different investigators. '"These discrep-
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ancies in results may be attributed to varying amounts of water in the
alcohols, or the methods for determination may have permitted moisture

15

to reach the solutions." No reference was found on the solubility of

sodium sulfate in methanol-water-sulfuric acid solution. Larson and

Hunt]9

gave data for sodium and potassium halides at 25°C in absolute
isopropanol. Ginnings andAChen,]2 have reported results for potassium
chloride, ammonium acid phosphate and sulfate, sodium bromide and carbonate
at 25°C in aqueous isopropanol solutions. Frankforter and Temple]]
studied the systems consisting of the aqueous alcohol and potassium car-
bonate or fluoride at 20°C. The solubilities of sodium choloride and

15

of sodium sulfate in absolute alcohol are reported by Kirn and Dunlap

over the temperature range from 20° to 50°C.
2.4 PRINCIPLES UNDERLYI!NG EQUIPMENT CHOICE

Since supersaturation is the molecular driving force in all crystal-
lization processes, a number of techniques have been employed to cause
it: these include indirect cobling, evaporation of the solvent, adiabatic
vacuum cooling, and 'salting-out' by the addition of a third component
to reduce the solubility of the crystallizing substance. The indirect
cooling mode, wherein heat is removed through a heat exchanger wall,
is utilised when product solubility is strongly temperature dependent.
The evaporation technique is suitable for solutions with small or negative
temperature dependence. Adiabatic cooling is used for crystals with
intermediate types of solubility curves. |In this work, 'salting-out'
is utilised in the generation of the supersaturated state. The 'salting'
substance which may be a liquid, solid or gas is sometimes referred to
as a 'diluent' or precipitant. The necessary properties for a diluent

are: it should be miscible with the solvent of the original solution,



12

at least over the desired range of concentration; the solute should be
relatively insoluble in it and also the final solvent-diluent mixture
should be capable of easy separation, for example, by distillation.

Equipment for heating, cooling, and vacuum generation is not needed
as is the case with evaporative or cooling types of .crystallizers.

The use of a non-saturated feed stream eliminates the problem of feed-line
plugging during operation. Insulation of the crystallizer is not necessary;
therefore, a transparent vessel can be used enabling visual observation

of the crystal suspension during operation. The'maintenance of a constant
crystal suspension during an ::0pset in production rate does not require
the simul taneous change of heat input or removal. The above mentioned
advantages are especially important when a small crystallizer is used

as in the present work. Probably the biggest disadvantage of 'salting-
out' crystallization is the need for a recovery unit to handle‘fairly
large quantities éf the mother liquor in order to separate the solvent

and diluent, one or both of which may be valuable.

As -~has been stated earlier, there are many crystallizers that have
been used industrially but the ARP process uses the 'salting' method because
it gives the desired product easily and is heat efficient. Since this
work was intended to determine some of the design parameters of this
(ARP) industrial crystallizer, a mixed suspension mixed product removal

37

(MSMPR) crystallizer as recommended by Randqlph and Larson”’ was used

in the investigation.



CHAPTER 3

BASIS AND EXTENT OF EXPERIMENTAL STUDY

3.1 THEORY

Randolph and Larson39 described a way in which the rates of the simul-
taneous processes of nucleation and gfowth could be quantitatively measured
in a backmixed crystal suspension. The essence of the proposed method
is to generate in a CSTR.a crystal mass with size distribution over some
convenient finite ;ize range,‘and to obtain quantitative nucleation and
growth rates by fitting the crystal size distribution (CSD) data to the
form of CSD predicted by theory. The basic assumptions made are:
(i) the system is perfectly mfxed, in other words, the agitiation is so
effective that there is no product classification.
(ii) the product withdrawn from the reactor has the same concentration
as that in the reactor and is a representative s;mple of the vessel
coﬁteﬁts in shape, size, form and habit.:
(iii) Crystal nuclei appear with zero size;
(iv) the growth rate is independent of crystal size (McCabe AL law);25
(v) there are no crystals in the feed stream;
(vi) constant slurry volume
(vii) steady state operation.

The analysis of the crystallizer data is based on the population

39

balance equation given by Randolph””as

2 + ¥(Gn) + nd(1nV.)= %niQi + B(L) - D(L) @

3t 3L It Ely

This complex relation is simplified by applying the assumptions

made viz constant slurry volume (d/dt(]n VT) = 0); steady state operation
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[(;% = 0), (B(L) = D(L))], also the rate of generation is constant at

steady state, thus Fﬂﬂ{%b n/t where C= v/Q).

OL

The simplified equation becomes

population density (no. of
crystal)”

residence time

Growth rate

size of crystal

2 (6n) =n
YR T

I-Dd

nnu

The McCabe25 AL law assumption is applied and equation 2 is integrated

to give
n=n°exp (-L/gT) ' (::) where n = population density of
crystal
n® = nuclei population density
L = crystal size

A semi-log plot of n versus L gives a straight line of slope -lﬁ;Ts
From this, the growth rate G is calculated. The curve is extrapolated
to size equal to zero-=to give the nuclei population density (n°). The

product of n° and growth rate gives the nucleation rate.

B=n°aG (::)‘
3.2 EXTENT OF EXPERIMENTAL WORK

As solubilfty cannot be predicted accurately, the first step in
the study of crystallization rates is to obtain solubility data for the
suggested system in order to estimate theveconomic feasibility of the
proposed hethod. In the present work the phase equilibrium for sodium
sulfate--methanol/water--sulfuric aéid system was determined for a meth-
anol-water ratio of 50 by 50% at a temperature of 35°C.

The growth and nucleation rate§ of neutral sodium sulfate were
determined and the effect of the following factors on them tested:

(i) Supersaturation which serves as an expréssion of the molecular
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driving force of the process and its effect at 0.7, 0.823 and 0.95 levels
on the growth and nucleation rates was studied.
(ii) Agitation rate at 1260 RPM, 1926 RPM and 2466 RPM was tested.
(iii) Residence time for 170 secs, 235 secs and 380 secs values were
empldyed and the corresponding‘effect measured.
(iv) Temperature of 15°C, 20°C, 25°C and 35°C were used and their effect
on growth and nucleation raté was determined.

This work could have easily employed industrial effluents but as
a preliminary study it was not desireable to include all the effects
caused by trace elements and other impurities in the waste, so instead
an artificial effluent of concentration equivalent to that from the Mathieson
process (50% sodium sulfate in 37.5% sulfuric acid solution) was used.
A Zh statistical factorial design was applied in the analysié of the
results because it was not possible to generalise the effect of all
the variables on growth and nucleation rates just by observing the

trend in the graphical representation.
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CHAPTER 4

APPARATUS AND EXPERIMENTAL TECHNIQUE
L.1  APPARATUS

The crystallizer is of the continuous mixed suspension mixed pro-
duct removal (MSMPR) type. The vessel is a one litre glass reactor
(culture flask) fitted with a directly driven variabie speed agitator.
There are three ports at the top for the introduction of spent acid,
water and methanol. A sample withdrawal port is also provided at the top.
At the 'neck' of the vessel is an outlet port for product overflow, while
in the middle on the water jacket, the temperature controlled water inlet
~and outlet ports are placed diagonally to each other. Three 0.8 litre
containers for spent acid, methanol and water are placed above the reactor
to give gravity feed and are connécted to the reactor vessel by tygon
tubing. The three flows were méasured with (Gilmont size 13) rotameters.
A stainless steel heat exchange coil was placed in the spent acid storage
vessel and copper heat exchangers in the other two. They were connected

in series to a constant temperature water bath. (Figure 1)
4.2 EXPERIMENTAL TECHNIQUE
4.2.1 PHASE DIAGRAM DETERMINATION

The curves in three-component phase diagrams trace out points of
saturation with respect to one or more components. Thus, when ény mixture
of water-methanol, sulfuric acid and sodium sulfate was taken which
left some crystals undissolved, the analysis of the solution gave a
point on one of the curves. By testing a wide range of mixtures a number

of saturated solutions was obtained and a sufficient number of points
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was determined to draw all the curves in the diagram (fig. 2). To complete
the diagram it was necessary to know the form of the salt with which each
solution was saturated. By filtering and analysing the crystals an ap-
proximate formula was found, but this method was not sufficiently accurate
as some mother liquor was left in the filtered crystals. To avoid this

handicap, the method of Wet Residues was employed.
L.,2.2 METHOD OF WET RESIDUES PRINCIPLE

It will be remembered that if any component is marked on a phase
diagram it lies on the straight line joining its solution with its
solid. |If, therefore, some mother liquor remains with the solid the com-~
position of the wet residue must also lie on the same straight line, but
nearer to the solid. By analysing a solution and its wet residue two
points can be plotted on a diagram and a straight line is drawn through
them. The composition of the solution gives a point on the curve; the
composition of the solid phase must lie somewhere on the straight line

beyond the position of the wet residue,
L.2.3 TECHNIQUE OF DETERMINATION

1t . was decided thét commercial methanol would be used for making
up the aqueous solutions, provided the solubility in a test solution
of given composition was the same as that in a solution of the same
composition prepared from purified alcohol. Since only traces of organic
compounds, in addition to water, are present as impurities in the comm
mercial methanol, it was assumed that these wodld have a negiligible
effect on the solubility of sodium sulfate in the aqueous methanol solu-
tion. Moreover, industrially the methanol used is rarely purffied before

being used.
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A 50-50 weight percent mixture of methanol and water was prepared
and stored. This was mixed at various weight percents (0, 10, 20, 30,
Lo, 50, 60, 70, 80, 90, 100) with 9N (37.5 weight %) sufuric acid. About
500 m1 of each composition was measured out and divided equally into two
Erlenmeyer flasks. A fixed weight (100gm) of sodium sulfate granules
was added to each of the flasks. The flasks were .corked, sealed in order
to reduce methanol loss by evaporation, and placed in a water bath main-
tained at 35°C. . The whole set was agitated and allowed to 'stay' at this
temperature for about seven days with intermittent shaking of the flasks
and their contents, so that equilibrium could be attained. Equilibfium
was assumed to have been attained if after seven days, there were still
undissolved granules. If there were no undissolved sodium sulfate, another
quantity of sodium sulfate was added and the 'end point' test performed
at the end of another seven day period.

At equilibrium, the mixture was allowed to settle while still being
maintained at 35°C. Some of.the clear solution was withdrawn from each
flask and analysed. 25ml of clear solution was Weighed and heated to
dryness, the crystals were wéighed again and the weight of dissolved
sodium sulfate calculated. A portion of the solution was titrated with
Ferrous Ammonium Su]fa}e to determine the weight percent of methanol
and thus water/methanol solution. It should be noted that about a 5%
difference was oBserved in the measured methanol concentration and that
initially used. The methanol was plotted as a 50 weight percent water
solution on the triangular diégram. The other portion of the clear solu-
tion was titrated with sodium hydroxide to calculate the weight percent
of sulfuric acid. The second flask at the same composition was used to
cross-check for the accuracy of the results. The remainder of the solu-

tion in the flask was decanted and the wet residue weighed, and redissolved
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in sulfuric acid. This solution was then analysed as has been describéd,
but the coﬁcentration was calculated as a percentage of the weight res-
idue and this gave the second poinf on the diagram.

For each original mixture two analyses were obtained, one representing
the solution, the other representing the wet residue. The solution points
were joined to form the curves. The crystals were dissolved in water

and the solution titrated to determine the type of compound produced.
L.2.4 ANALYSIS OF CRYSTALS

The crystals produced after the evaporation, were dissolved in water
and the'solution titrated. Wheﬁ the titer for each of the new solutions
was equivalent to 36% titratable sulfuric acid, the crystal was classi-
fied as sodium bisulfate monohydrate. To confirm this. . statement, a
quantity of the crystals was heated and observed to have melted at about
58°C, which corresponds>to the melting point of NaHSOA~ HZO. But when
the titer was equivalent to 18.7% titratable sulfuric acid, sodium sesqui-
sulfate [Na3H(SOQ)2], was assumed to have been formed. |f 36% equivalent
titratable sulfuric acid was used but the melting point of the crystal
is above 80°C, sodium bisulfate was assumed to be the product formed.

Both sodium sulfate (neutral salt) and hydrated sodium sulfate had no*
titratable sulfuric acid equivalent.

The specific gravity of the crystals was determined. Crystals with
specific gravity of 1.2 to 1.6 were classified as hydrated sodium sul-
fate (NaZSOA OIOHZO) while those with specific gravity of about 2.5
were grouped as sodium sulfate. To confirm the observation, their melting
points were measured. The decahydrate was found to melt around 32°C

while the neutral salt did not melt even at temperatures above 100°C.
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.3 CRYSTALLIZATION RATE EXPERIMENT
4.3.1 TEST SOLUTION PREPARATION

The artificial waste acid solution was prepared by dissolving a fixed
weight of sodium sulfate in a 37.5 weight percent (HZSOQ) sulfuric acid
to give a 50% sodium sulfate solution. The acid concentnation was measured
by titrating with standard sodium hydroxide solution.

The solution was placed in a water bath until its temperature had
risen to 5° above the expected working temperature. |t was removed and
filtered through a sintéred glasé filter to remove any particles which

could cause nucleation.

4.3.2 EXPERIMENTAL PROCEDURE

The artificial effluent solution was poured into its temperature
. controlled feed reservoir and the other two containers were filled with
methanol.and water. During this time, the constant temperature water
was allowed to circulate through the coils of the reservoir and‘the
jacketted reactor. A sufficient time was allowed to elapse for the whole
system to attain the required temperature. The stirrer was then set at
the required speed (the low speed shaft rpm was counted for the number of
turns per minute by eye and thi#s value was multiplied by 18). The
flows were adjusted to give the required rate as shown on the flow meters.
This adjustment is very important since in all cases a fixed ratio of
methanol to water has to be maintained at 50-50% by weight. This was
calculated by multiplying the volume by the specific gravity. (The spe-
cific gravity of a methanol—solution‘mixture at various volumetric ratios
‘is linear--appendix 1--). The time to fill the reactor vessel and start

overflowing was noted.
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3
At steady state flow conditions (flow -in = flow out), a 60 cm”
hypodermic syringe with the needle replaced by a 5 mm internal diameter

3

plastic tubing was used to withdraw about 50 cm” of the slurry frpm

the vessel. This was quickly transferred to a sintered glass suction
filter, where the crystals were separated from the mother liquor. About
25 ml of the clear liquor was heated to evaporation and fhe crystals
deposited were weighed to give the conceﬁtration of sodium sulfate in the
mother liquor. This final concentration (C*) was subtracted from the initial
concentration. This value was then divided by the final concentration

to give the supersation (E—%%C*). This definition was used for the super-
saturation in order to operate under the same basis as the phase diagram
values. When the inital concentration of sodium sulfate was less than

50% it became difficult to crystallize neutral sodium sulfate because the
addition of a 50-50 methanol-water solution always lead to precipitation
of a mixed salt of neutral sodium sulfate and sodium sequisulfate or

even sodium bisulfate (Check fig 2, starting poinf was always on the
Nazsoh - HZSOA horizontal line since it was only a two component system
then). The crystals were washed with methanol and dried, after which the
crystals were weighed, sfeved and the sieve fractions weighed. A portion
of this crystal was redissolved in water and titrated in order to determine
the amount of acidic component present. For neutral salt product, no
acidic component was present.

Reaction steady state was found by regpeatedly withdrawing samples
with the hypodermic syringe and weighing the crystals. A steady state -
was assumed to have been attained when the difference in any two consecu-
tive sample weights was less than 2%. The reactor was then washed to

remove any trace of crystals and the whole procedure was repeated for a

new condition. Since there is no instrument to measure the point concen-



24

tration during the experiment, a lof of runs have to be made and dis-
cardéd due to the fact that the concentration is measured at only the
initial and final states and that using the same conditidhs as in the
previous experiment, the supersaturation may turn out to be different.
This would be caused by small temperature variation of about 1° which
would occur during some runs due to the addition of more methanol and

sometimes spent acid to the containers.
4.3.3 SIEVE TEST

Screen analyses were made using calibrated U.S. Standard 3-inch
screens. The screens used were the following U.S. Standard mesh sizes:
60,80,100,140, and 170. Because of the symmetry of the crystals, repro-
ducible screen analyses were easily achieved.

To carry out the sieve ahalysis all the dried crystals were weighed
and placed on the top sieve in a nest which comprised the five sieves
arranged in order of decreasing aperture (increasing mesh number) mounted
on a bottom collecting pan. A top lid was used to minimise the loss of
dust.

The nest of sieves, fogether with the 1id and collector pan were
held in the left hand, with the sieve surfaces inclined downwards towards
the left at an approximate angle of 30° to the horizontal. The higher
side af sieve frame was tapped eight'times with the hand. Whilst main-
taining the inclination of the sieve, the nest was shaken to and fro
several times, while being rotated in the plane of the gauze through an
angle of about 60°. These alternate tapping and shaking steps were
repeated for about 3 to 5 minutes. The top sieve was removed, inverted
over a clean piece of paper, and tapped gently to remove any crystals

retained on it. The bottom surface of the gauze, that is, the surface
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that was uppermost with the sieve in its inverted position, was brushed
gently to aid the cleaning operation. All the discharged material was
transferred back to the cleaned sieve mounted on a collector pan

and submitted to a further sieving operation, as described above, for about
2 minutes. |f the amount of material passing through the sieve in this

2 minute period was less than 0.5% of the original test sample weiéht,
sieving on this sieve was considered complete. [f the amount passing
exceeded 0.5%, the procedure was repeated until the 'end point' was
achieved. All the weighed material from the collector pan was then
transferred on to the material retained on the top sieve of the remaining
nest which was submitted to énother 3 to 5 minutes sieving operation.

The 'end point' test was again applied to the top sieve, and the whole

procedure was repeated until all the five sieves have been dealt with.

L.3.4 METHANOL EFFECT

I't should be noted that a basic assumption made in the experimental
procedure waé that the punpose for:rthe addition of methanol was to alter
the supersaturation level of the solution. In other words methanol
acted to change the driving force in the crystallization. Also in the
higher temperature experiments both the density and viscosity of methanol
changed greatly making it difficult to maintain a steady methanol flow
rate. This effect became very pronounced at temperatures above 35°C, and
acted as a constraint in carrying out the investigation at temperatures

above 35°C. -
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CHAPTER 5

RESULTS AND ANALYSIS

5.1 CRYSTAL SIZE AND POPULATION DENSITY

The crystal sizes varied from about 0.1 mm to 0.29 mm and were
divided by screen analyses into five different size fractjons as pré-
viously described. To enhance the representation of the size distribu-
tion in terms of population density, the dfstribution was converted from
the weight fractions obtained from the screen analyses by the following
method.

(i) The mean diameter of each size fraction (screen analyses fraction)
was determined.

(ii) The total weight of the crystals of a given siée fraction was then
divided by the crystal density, the cube of the mean diameter, and an
overall average shape factor. This gave the number of crystals_in the
size fréctionl

(iii) The‘number of crystals in each fraction was then divided by the
width of the size range of the fraction. This gave the population density
of crystals in the size fraction.

‘The actual calculation was performed by first converting the discrete
vélues (screen analyses fractions) of weight to a continuous function
by making a cumulative weight percent plot. The abscissa of the plot
was broken into thirty-seven equal segments of 0.005 mm width. This
width interval was used in order to reduce the error introduced by using
the larger value of about 0.05 mm recommended by Mullin, J.30 A hypo-
thetical diameter was used to represent the mean size of the crystals

in the interval. This was necessary because it was relatively difficult
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to measure the dimensions of the crystals with a microscope or from
photographs. The hypothetical diameter (size) was calculated using

the relation:

L, =y(A - 0.025) (A + 0.025) | @

(Lh = hypothetical crystal size, A
form interval) '

mesh opening at uni-

where A= AD(1) + 0.005(1-1) (6) | = iteration counter
(AD = screen size)
This was calculated for every 0.005 mm interval and the corresponding

weight percent on the ordinate was read for the segment. The population

density for each segment was calculated by:

n="PsV An (::) where Ps = suspension density
P kvLa ALh V = reactor capacity
Am = crystal mass increment
P = crystal density:
kv = overall shape factor
Lh = hypothetical crystal size
t\Lh = hypothetical crystal size

increment

A computer program was written that performed this operation (Appemﬁx,s)

5.1.2 CRYSTAL SHAPE FACTOR

A value of the overall shape factor, kv is .needed for calculating
the population density from equation (7), but as the crystal size in the
present studies ranged from about 0.3 mm down to a few microns it was
necessary to see if kv was s}ze—dependent. Accordingly, sodium sulfate
crystals produced by crystallization were carefully separéted with five
"size fractions as described.earliervand their volume and surface shape
factors were determined separately.

The volume shape factor, fv, was determined by weighing about

100 crystals from each sieve fraction and then apply the relation
B
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mean aperture size
crystal density

—h
<
LI [ I | I ||

volume shape factor
n = number of crystals
M = mass of crystals

and taking the arithmetic mean aperture size as the characteristic dimension, .
L, of each sieve fraction. Within the limits of experiment error, fv
remained constant at 0.6 i.0.03.

The surface shape factor, fs, for the crystéls in each sieve fraction
was determined with the aid of a microscope. It was assumed that the
crystal rested on one of its longest faces, its.average length, x, and
breadth,y, were obtaiﬁed by making six readings of each of the two dimen-
sfons. ~The thickness of the crystal, Z, was derived by taking the mean
sieve aperture size, L, as the characterising dimension and assuming

the crystals to be a parallelepiped, that is,

Z=fv L3/xy _ <::) where Z = crystal thickness
: L = mean aperture size

x.= length of crystal

y = breadth of crystal
fv = volume shape factor

The surface shape factor of a crystal, characterised by its mean

sieve aperture size L, is given by

fs = 2(xy + yZ + xZ)/L2 where fs

surface shape factor
length of crystal
breadth of crystal
crystal thickness
mean aperture

x

—N<
nononon

Over the size range studied the surface shape factor remained reason-

ably constant at fs = 3.9 + 0.03. Consequently, a constant overall shape

factor

kv = fs/fv = 6.5 + 0.5
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was used when'calculating population density from equation (7). As

can be seen in equation (3), a plot of log of the populétion density
versus crystal size should give a straight line with slope equal to
(-1/6%) and an intercept of the log of the nuclei population dgnsity.

A computer program that utilised the least square method of fitting a
curve was used to determine the growth rate and the corresponding nucle-
ation rate for all the tested conditions. As can be seen in the semi-log
plot of population density versus crystal size (figure 4), the plot fits

37

the simplified Randolph's”’ model very well. The growth rate was cal-

culated by dividing the inverse of the slope by'the residence time.

G=_-1
slope X T

The slope is negative hence the growth rate is positive. The nu-
cleation rate was calculated by multiplying the intercept by the growth
rate. See appendix 6 for crystal size and population density results.
Table | shows the rates for one set of conditions, all the data are given
in appendix 4. As can be seen in Table | the growth rate and nucleation
rate increaée with supersaturation and temperature in a regular manner.

Table 2 shows the crystal size distribution obtained from the
sieve fractions for one set of conditions, while all data are given in
appendix 6. The crystal size fractions at various residence times for the
same.supersaturation, agitétion rate and temperature, larger sized pro-
duct, as Qould be expected, is generated at foﬁgef-residence times. In
other words more crystals grew fo a large size at longer residence times,
which resultea in smaller values of growth rate and corresponding lower

nucleation rate values.
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TABLE 1

GROWTH RATE, AND NUCLEATION RATE VERSUS

SUPERSATURATION AT VARIOUS TEMPERATURES

RESIDENCE TIME = 170 secs GROWTH RATE UNIT = (mm/HR)
AGITATION RATE = 2466 RPM NUCLEATION RATE UNIT = NUMBERS/HR
SUPERSATURATION  GROWTH RATE NUCLEATION RATE TEMPERATURE
0.70 0.081 0.7075 x 10;
10.823 0.088 0.82 " x 10/ 15°¢C
0.95 0.095 0.9825 x 10
0.70 0.0822 0.88 x lo;
0.823 0.0913 1.0625 x 10] 20°C
0.95 0.10 | 1.3 " x10
0.70 0.0822 0.88 «x 10/ -
0.823 0.095 1.35 x.]O; 25°¢
0.95 0.1066 1.675 x 10
0.70 0.08835 | 1.2125 x 107 |
0.823 0.1005 1.5375 x 105 - 35°¢C
0.95 0.113k 1.9875 x 107 ,



TABLE 2
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CRYSTAL SIZE FRACTION VERSUS WEIGHT AT VARIQUS RESIDENCE

_TIMES
SUPERSATURATION = 0.95 AGITATION RATE = 1926 RPM
TEMPERATURE = 15°C
SCREEN SIZE (mm) WEIGHT (gm) RESIDENCE TIME (secs)
0.106 0.2780
0.15 0.3393
0.18 - 0.02 170 secs
0.25 0.0296 -
0.297 10.Q1480
SCREEN StzE (mm) WEIGHT (gm) RESIDENCE TIME (secs)
0.106 .0.435
0.15 Q.558
0:18 0.0696 . 235
0.25 0.0505
0.297 0.0625
SCREEN SIZE (mm) WEIGHT (gm) RESIDENCE TIME (secs)
0.106 0.0894
. 0.15 0.0905
0.18 0.036 380 secs
0.25 0.0547
0.297 0.0433 .
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5.2 CRYSTAL S{ZE DISTRIBUTION

While -the most comprehensive method for describing screen sample
is a graphical presentation,-- which has been used in this study to de-
termine both growth and nucleation rates--, a more convenient method

.30

has been suggested by Muljin, The approach uses descriptive methods
that are'primarinAcbﬁcernedlwith the bulk of the product rather thaa-
extremes. This method reports the screen méan aperture of the crystals
(méan.sfze of crystalS)'anﬂ the coefficient of variation (C.V:) of size.
These are found by plotting.the average partfﬁle.SIZe against the cummula-
tive weight retained on each screen on arithmetic probability paper,
determining the apertures corresponding-to [6% and 84% probability
(tWO'stéhdard'deviations) and‘éomparfng their dffference with the average
particie size. The coefficient of variatidn-(C.V.), as a percentage,

is defined as follows:

C.V. = 100 |P.Dgo = P.Dgyo [ . | @
(2),P.D50% :
where C.V. = coefficient of variation
P'Dié%.= partfcle diameter at 16% probability
P'DSQ%‘ﬁ'pérticle diameter at 84% probability
P'DSO% = mean particle diameter '

The coefficient of variation of crystals in this study varied from
28% to 52%; This result agrees very well with Bennett's7 value of 25%
to 54% for hon—élassified.products. A sample calculation is shown for

a run with:

Residence time = 170 secs., " Agitation rate = 2466 RPM., Temperature = 15°C

and supersaturation = 0.95
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Screen size (mm) Weight retained (gm) Cummulative % wt

0.25 0.03670 4.47998
0.180 0.0395 9.30176
0.15 0.0332 13.27393
0.106 0.245] 43.27393
0.088 0.4647 100

From the graph (see figure 5)

P.D = 0.149 mm; | P.D = 0.0865 mm

84%

P'DSO% = 0.1001 mm

16%

Substituting these values in the C.V. equation gave

C.V. =100 | 0.149 - 0.0865|= 31.2%
2 x 0.1001

Mean size = 0.1001 mm.

Therefore, the crystals can be said to Have a coefficiént .of variation
of 31.2% and mean size of 0.1001 mm.

NB: Other results are in appendix 3
This also has confirmed the assumption of perfect mixing used in the
theory since according to Bennett, R.C,7 the C.V. for classified products
varies.from 12% to 38% while in this system, C.V. varied from 28% to 52%
which corresponds closely to Bennett's non-classified products C.V. range

of 25% to 54%.
5.3 KINETIC RATE VARIATION AND KINETIC CONSTANT

As has been stated earlier, the crystal size distribution satisfied
the simplified Randolph39 equation and also this characteristic of non-
classification of the product has helped in buttressing the theoretical
approach which has been employed. The effect of the factors viz super-
saturation, agitation rate, residence time and temperature was measured

as follows:
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5.3.1 EFFECT OF SUPERSATURATION AND TEMPERATURE ON GROWTH

A log-log plot of growth rate versus supersaturation is a straight
line. The slope of the curve is the 'order' (index of supersaturation)
of the relationship between growth rate and supersaturation. For the
conditions studied, this 'order' varied from 0.9 to 1.1, thus an average
of 1 was used in the final analysis.

The growth rate, supersaturation relationship is now given as

G = kaS (::) where G = Growth rate

ka Growth rate constant
supersaturation

»
1l

A linear relationship of the function was drawn by 'eye' plotting
growth rate (G) against supersaturation (S). The slope of this curve
is equal to the growth rate constant (see fig. 6 for sample plot and ap-
pendix 6 for complete data).

From the plot, it can be observed that, as would be expected, at
higher values of supersaturation the crystal growth rate increased and
also at increased temperatﬁre levels, the growth rate corréspondingly
rose.‘ But at increased agitation rates and residence times, the growth
rate decreased. |t was not possible to quantify these effects from the
plots, thus a 24 statistical factorial design analysis was employed.
Check appendix 2 for a table and appendix 7 for graphs, showing growth
rate versus supersaturation, with temperature as parameter at various

agitation rates and residence time levels.
5.3.2 EFFECT OF TEMPERATURE AND SUPERSATURATION ON NUCLEATION

A log-log plot of nucleation rate versus supersaturation at various
levels of the other factors was drawn. This gave a linear relationship

with slope equal to the 'order' (index of supersaturation) of the super-
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saturation= nucleation rate equation.

B = knS" @

where kn = kinetic constant
B = nucleation rate
S supersaturation
n = order '

For the conditons tested, this 'order' varied from 4.9 to 5.1, an arith-
metic average of 5 was assumed. |In other words the nucleation rate

relationship can be represented-as

B = an5 <::)

Also in this case (fig. 7) both temperature and supersaturation had positive
effects on the nucleation rate, that is, promoted nucleation while agi-

tation rate and residence time decreased this rate as their values increased.

(check appendix 7 for more plots)

5.4 DETERMINATION OF ACTIVATION ENERGY

The growth rate of a crystal is a function of both the surface
integration process and the rate of the molecular transport proceés. One
of the useful criteria for distinguishing which rate controls is the
temperature dependence of the overall growth constant, ka, which can be

estimated by assuming an Arrhenius-type relation of the form.

ka = A exp(-Ea/RT) (::)

where ka = kinetic constant
A’'= Frequency factor
Ea = Activation energy

R = Molar gas constant

T = Absolute temperature

A log-log plot of ka (calculated from the growth rate - supersatur-
ation plot) and the inverse of the absolute temperature gave a straight

line of (fig. 8) slope equal to (-Ea/R). From this value the activation
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energy for the process was estimated. In all the conditions tested the
activation energy was in the range from 13 - 15 kcal/mol. These high
values of activation energy (see table 3 for sample result and appendix

L for all the data) show a strong dependence of growth rate on temperature,
as was noted earlier from the graphs. Coulson and RichardsonlO sugges ted
that, ''for most reactions the activation energy lies in the range of 10
kcal to 50 kcal which implies a rapid increase in rafe constant with
temperature.'’

The same approach as has just been described was used in the veri-
fication of temperature effect on nucleation rate. The activation energy
fell within the range from 12 to 15 kcal/mol, which also was an indication
of stréng temperature dependence. (see fig. 9 for sample plot and table
3 for some results).

These high values of activation energyvcombined with the fact that
they are independent of stirrer speed strongly suggest a surface-inte-
gration control. A dependenceof the activation energy on stirrer speed
would have given values in the range from 4.5 to 8 kcal/mol activation
energy and would have suggested a diffusion controlled mechanism.

To buttress the conclusions already made and also to quantify the
effect of the other factors (agitation rate and residence time) a 2“

statistical factorial design analysis was utilised to further analyse

the data.

5.5 FACTORIAL ANALYSIS

A 2“ factorial design statistical analysis was used to quantify the
effect of the parameters tested as demonstrated in the plots and table
of values. This factorial design was employed because of the following

general advantages over other statistical analyses.
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TABLE 3

GROWTH AND NUCLEATION RATE CONSTANTS WITH CALCULATED

ACTIVATION ENERGY AT VARIOUS CONDITIONS

AGITATION RATE = 2466 RPM RESIDENCE TIME = 170 secs
GROWTH CONSTANT ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
2.996 ‘ 0.0032468 0.819
1.8807 14.5kcal/mol - 0.0033557 0.424474 15 kcal/mol
1.4550 0.003413 0.30573
1.13029 .0.0034722 0.212556
AGITATION RATE = 1926 RPM . RESIDENCE TIME = 170 secs
GROWTH CONSTANT ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
1.9 0.0032468 . 0.49
1.453 14.4 kcal/mol 0.0033557 0.383864 14.8kcal/mol
1.30 0.003413 0.34432
1.12 0.0034722 0.3
AGITATION RATE = 1260 RPM RESIDENCE TIME = 170 secs
GROWTH CONSTANT ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
2.295 0.0032468 0.4244748
1.50 - 15 kcal/mol 0.0033557 0.3057307 14.5 kcal.mol
1.15 0.003413 0.2308682
0.9 '070034722 f0.185
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(i) When there are no interactions the factorial design gives the maxi-

mum efficiency in the estimation of the effects.

(ii) In the factorial design the effect of a factor is estimated at

several levels of the other factors, and the conclusions hold over a

wide range of conditions.

(iii) When interactions exist, their nature being unknown, a factorial

design is necessary to avoid misleading conclus’ions.51
DEFIN[TIONS:

(a) Factor: is used to denote the feature of the experimgntal conditions

which was varied from trial to trial. |In these experiments; supersatura-

tion, agitation rate, residence time and temperature were the factors

tested.

(b) Lévels of a factor: The various values of a factor examined in the

experiment are known as levels.

(c) Treatment: The sef o% levels of all factors- employed in any-given

trial dr expefiment is called Treatment -or Treatment combination.

(d)  Response: The numericél result of a trial on a given treatment is

called the Response corresponding to the treatment. In this case the

response ,was either growth rate or ntcleation rate.

(e) Effect of a factor: The effect of a factor is the change in res-

ponse produced by a change in the ]evei of the factor. |In this case,

where any single factor was tested in at least two levels,=the analysis

was based on two levels, only—, the effect was simply the difference

between the average response of all trials carried out at the first

Lével of factor and that of all trials at the second level.

(f) Notation: A factor is denoted by a capital letter, and the two

levels of the factor by (one) 'l1' for the lower level of trial and the
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corresponding small letter representing trial at the higher level.

In the present work, let supersaturation be represented by A, agi-
tation rate by B, residence time by C and temperature by D. Thus, when
supersaturation is 0.70, which is the lower level of the trial, it will

be denoted by (1) while when it is 0.95, it will be represented by (a).
TABLE 4

FACTOR LEVELS AND NOTATION

FACTORS LOWER LEVEL (1)  UPPER LEVEL (LETTERS)
Supersaturation (A)}] 0.70- 0.95 (a)
Agitation Rate (B)| 1260 RPM 2466 RPM(b)
Residence Time (C) 170 secs 380 secs(c)
Temperature (D)} 15°C 35°C (d)

For any trials in which two or more factors are at. their upper
level, the response will be denoted by a combination of their small
letters, for instance if supersaturation is 0.95, agitation rate =
2466 RPM and temperature = 35°C., the response will be denoted as abd,
while when all the factors are at their lower level, the response will
be represented as (1). .

There is a convenient order in‘which to write the treatment combin-
ations and effects. For one factor A, we simply write (1), a. For two
factors A,B, we add b, ab, derived by hultiplying the first two by the
additional letter b. For three factors the standard form is

(1), a, b, ab, ¢, ac, bec, abc
For four factors as in our case, we have

(1), a, b, ab, ¢, ac, bc, abc, d, ad, bd, abd, cd, acd, bcd, abcd.



TABLE 5

GROWTH RATE WITH THEIR CORRESPONDING FACTORS

AT THEIR VARIQUS LEVELS

L7

TEMPERATURE OF

CRYSTALLISATION D

SUPERSATURATION | AGITATION 15+ 1 (1) 35 + 1 (d)
A RATE B RESIDENCE TIME (C) RESIDENCE TIME (C)
170 (1) T 380 (C) 170 (1) ]380 (C)
0.70 (1) 1260 (1) 0.0936(1) |o0.044(C) 0.10036{(d) {0.04B65(cd)
: 2466 (b) 0.0810(b) {0.0414(bc) 0.08835(bd) |0.0472(bcd)
0.95 (a) 1260 (1) 0.1057(a) ]0.0512(ac) 0.12525(ad) |0.06245(acd)
: 2466 (b) 0 0.0451 (abc) 0.1134(abd) |0.0573 (abcd)

.095(ab)

CALCULATION OF EFFECTS

Procedure: The column marked

(response) column as follows:

Yates

20 method

AND ANALYSIS OF VARIANCE

was applied in the calculation.

(1) (see table 6) is derived from the growth

the first entry in column (1) is the sum

of the first two responses (0.0963 + 0.1057); the second entry is the

sum of the second pair of yields (0.0810 + 0.095); the third and fourth

entries are the sums of the succeeding pairs (0.044 + 0.0512), (0.0414

+ 0.0451) respectively, this is continued until the last entry in the

first half is filled by (0.0472 + 0.0573).

To fill the second part . (middle

section of table), the first entry is (0.1057 - 0.0963), the second (0.095 -

0.01810), this is continued until the last entry (0.0573 - 0.0472).

The 3rd part is used to cross-check for the presence of any error.

The checks are as follows:

(i) (W + X) in any column

(i)

(Y + Z) in any column

(X + W) + (Z+Y) in previous column.

= (X -W)+ (Z~-Y) in previous column.

This approach is repeated until the 4th column is filled by utilising

the entries of the previous column for the new one.

The first entry in




TABLE 6

ANALYSIS OF GROWTH RATE DATA
YATES'S METHOD

TOTAL

SUM OF SQUARES
MM/HR = MEAN
TREATMENT GROWTH EFFECT = | SQUARE =
COMBINATION | RATE (1) (2) (3) (h) CoL 4/8 (coL 4)2/16
(1) 0.0963 | 0.202 0.378 0.5597 1.20261 ETotal
a 0.1057 [ 0.176 0.1817 | 0.64291 | 0.10809 | =8A 0.0135113 | 0.0007302
b 0.0810 | 0.0952 0.42736| 0.0343 |-0.06511 | =8B |-0.0081355 | 0.000265_
ab 0.095 0.0865 0.21555| 0.07379 {-0.00239 | =8AB |-0.0002988 4 x 10
c 0.0kLk 0.22561 [ 0.0234 |-0.0347 [-0.40811 | =8C |-0.0510138 0.010409§5
ac 0.0512 | 0.20175 | 0.0109 (-0.03041 |-0.03859 | =8AC [-0.0048238 [9.3] x to_z
bc 0.0414 | 0.11105 | 0.04994] 0.0011 0.03461 | =8BC | 0.0043263 |7.49 x 10_¢
abc 0.0451 | 0.1045 0.02385{-0.00349 {-0.01191 | =8ABC [-0.0014888 | 8.9 x 10
d 0.10036 | 0.0094 [-0.026 |-0.1963 0.08321 | =8D 0.0104013 0.0004327_5
ad 0.12525| 0.014 -0.0087 |-0.21181 | 0.03949 | =8AD | 0.0049363 | 9.75 x 10_¢
bd 0.08835| 0.0072 }|-0.02386|-0.0125 0.00429 | =8BD | 0.0005363 1.2 x 10_,
abd 0.1134 | 0.0037 |-0.00655[-0.02609 |-0.00459 | =8ABD }0.0005738 1.3 x 10_¢
cd 0.04865| 0.02489 | 0.0046 | 0.0173 |-0.01551 | =8CD }0.0019388 1.5 x 10_¢
acd 0.0624 | 0.02505 [-0.0035 | 0.01731 [-0.01359 | =8AcCD -0.0016988_, 1.15 x 10
bed 0.0472 | 0.01375 | 0.00016|-0.0081 0.00001 | =8BCD | 1.3 x 10 0 ¢
abcd 0.0573 | 0.0101 |-0.00365(-0.00381 | 0.00429 | =8ABCD| 0.0005363 1.2 x 10
1.20261

8k



SUM OF

Ist HALF 0DDS
SUM OF Ist
HALF EVENS X
SUM OF 2nd
HALF ODDS Y
SUM OF 2nd
HALF EVENS Z

X+ W
Z+Y
X - W
Z-Y
X+ W+ 2Z2+Y

(X-W)+(zZ-Y)

W

L2627
.297
28456
.35835
.5597
64291
.0343
.07379
20261

.10809

.63386
-56875
.05524
.05285
.2026
.10809
.06511
.00239
.3107
.0675

.8787
432

.0451
L0224
.3107
L0675
67
.0227
.2432
2l

0.5604

0.6828

-0.1996
-0.224
1.2432
-0.424
0.1224
-0.0248
0.8192

0.0976

0.764
0.0552
0.072
0.0256
0.8192
0.0976

TABLE 6 CONTINUED

6
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column (4) should be equal to the total of the response.

INTERPRETATION:

An estimate of error variance is required for the analysis of variance
(ANOVA) . There was not a sufficient background of information on the
crystallization system studied to provide an.external estimate, and one
had to be derived from the experiment itself. There was noirtrue internal
estimate of error variance, since only a single replication of the experi-
ment was carried out, but assuming that it was highly unlikely that iner-
action of two, three or four factors would be appreciable; it was decided,
subject to eXperimenta]-confirmation of the validity of the step to com-
bine some of these interaction factors that have very low Mean square

32

values provided they satisfy Nair's”?® condition.

NAIR'S CONDITION: Suppose there are k mean squares, V13 V?"'Vi Vg,based
on ﬂ],ﬁzetc; degrees of freedom, and § is the total number of degrees of

freedom, so that the average estimated variance is V = (¢iVi)/¢

The criterion measuring the divergence in the V's is

M=glnV —ée)ilnvi |

51

From 'significant points fo} M' table, read off the M corresponding to
k mean squares either at 95% or 99% confidence level. |f the calculated
M is greater than the table value, then there is heterogenity in the
error variance thus either one or more of the fnteraction mean squares
is eliminated from the varianqe and the rest tried as above. |If there
is no heterogenity, sum up the mean square values of these interactions
and use it as the error variance.

To simplify the calculation, the Mean square values were multiplied

7

by 10°. Multiplying all the mean squares by a constant value did not

affect the analysis of variance.
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TABLE 7

SIGNIFICANCE POINTS TEST (M) FOR CRYSTALS GROWTH DATA

INTERACTION MEAN SQARE In (MEAN SQURE)

AB 4 1.386294k4
ABC 89 L. 4886364 g, =1
BD 12 2. 4849067 g =5
ABD 13 2.5649494 :
ABCD 12 2.4849067

TOTAL 130 13.40964 =21nv,

M=glnv -% g.1nv,
M =5 x 4.8675345 - 13.409694 = 10.9279
51

From Nair's table for k = 5, significance point value is 12.0 at -95%

confifdence level. In other words it can be saihd with 95% confidence that
there is no heterogenity in these summed interactions, thus the mean

squares of these interactions are summed and use as the error variance.

7 6 6

That is, error variance = (4 x 107/ + 8.9 x 107~ + 1.2 x 10-6 + 1.3 x 10

1.2 x-lo'6) = 0.000013.
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TABLE 8

ANALYSIS OF VARIANCE FOR CRYSTAL GROWTH

MEAN SQUARE :
SOURCE OF VARIATION DEGREE OF FREEDOM  MEAN SQUARES ERROR VARTANCE

Supersaturation A 1 0.0007302 56.1692
Agitation Rate B 1 0.000265 20.38L4615
Residence time C ] 0.0104096 800.73846
Temperature D 1 0.0004327 33.284615
Interactions AC 1 0.0000931 7.1615385
AD 1 0.0000875 7.5
BC 1 0.0000749 5.7615385
BCD 1 0 0
ACD 1 0.0000115 0.8846154
ch 1 0.000015 1.1538462
Error (AB,ABC,BD, . |..0. . 5 0.000013
ABD,ABCD)

An F-distribution table for F(1,5) gave F = 6.61 at 95% confindence
level.

Then, it could be said with 95% confidence with respect to growth
rate that the following were significant and with their corresponding

values. See table 9.



ANALYSIS OF VARIANCE RESULT FOR GROWTH RATE

TABLE 9
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SHOWING THE SIGNIFICANT FACTORS AND THEIR VALUES

FACTORS VALUES
Supersaturation A 0.10809
Agitation Rate B -0.06511
Residence Time C -0.40811
Temperature D 0.08321

Supersaturation x) AC
Residence Time : -0.0048238
Supersaturation x)AD
Temperature 0.0049363

Now the same analysis for nucleation rate is shown in tables 10,

11, 12, 13 and 14,

TABLE

10

NUCLEATION RATE WITH CORRESPONDING FACTORS AT THEIR VARIOUS LEVELS

TEMPERATURE OF CRYSTALLIZATION (D)

SUPERSATURATION | AGITATION 15+ 1 (1) 35 £ 1 (d)
A RATE B RESIDENCE TIME (C) _ RESIDENCE TIME (C)
' 170 (1) | 380 (c) 170 (1) 380 (i)
0.70 (1) 1260 (1) 1.0125 (1){0.48125(cC) 1.3125(d) | 0.645(cd)
’ 2466 (b) 0.7075 (b)]0.45 (bc) 1.2125(bd) | 0.6125(bcd)
0.95 (a) 1260 (1) 1.23125(a)(0.6875(ac) 1.925(ad) 1.2825)acd)
P92 N8 2466 (b) 10.9825(ab)|0.575 (abc) 1.9875(abd)| 1.1 (abed)




TABLE 11

ANALYSIS OF NUCLEATION RATE RESULTS

'YATES'S METHOD

TREATMENT

NUMBERS/HR

EFFECT =

SUM OF SQUARES
= MEAN
SQUARE =

COMBINATION NUCLEATION (1) (2) (3) (L) coL L4/8 (001h)2/16
(1) 1.0125 2.24375] 3.93375| 6.1275 | 16.205 | Total
a 1.23125 1.69 2.19375{10.0775 | - 3.3375| =8A 0.4171875 | 0.6961816
b 0.7075 1.16875| 6.4375 | 0.825 | -0.95 =8B -0.11875 0.056140636
ab 0.9825 1.025 3.64 2.5125 | -0.0125 | =8AB -0.0015625 | 9.8 x 10
c 0.48125 3.2375 | 0.49375(-0.6975 | -4.5375 | =8¢ -0.5671875 1.2868066
ac 0.6875 3.2 0.33125{-0.2525 | -0.425 | =8AC -0.053125 0.0112891
be 0.45 1.9275 | 1.3875 |-0.025 0.2325 | =8BC 0.0290625 | 0.003785
abc 0.575 1.7125 | 1.125 0.0125 | -0.45 =8ABC -0.05625 0.0126563
d- 1.3125 0.21875|-0.55375{-1.74 3.95 =8D 0.49375 0.9751563
ad 1.925 0.275 |-0.14375(-2.7975 | 1.6875 | =8AD 0.2109375 | 0.1779785
bd 1.2125 0.20625{-0.0275 |-0.1625 | 0.445 | =8BD 0.055625 0.0123766 _
abd 1.9875 0.125 |-0.215 }-0.2625 | 0.0375 | =8ABD 0.0046875 8.79 x 10 5
cd 0.645. 0.6125 | 0.05625| 0.41 -1.0575 | =8cD . | -0.1321875 | 0.0698941 "
acd 1.2825 0.775 |-0.08125|-0.1775 | -0.1 =8ACD -0.0125 6.25 x 10
bcd 0.6125 0.6375 | 0.1625 |-0.1375 | -0.5875 | =8BCD -0.0734375 | 0.0215723
abed 1.1 0.4875 |-0.15 -0.3125 | -0.175 |[=8ABCD | -0.021875 0.0018706
TOTAL 16.205

S



SUM OF Ist

HALF 0DDS W 2.65125 8.5775 [12.2525 | 6.23 10.95

SUM OF lIst X o
HALF EVENS 3.47625 7.6275 | 7.23 - [12.35 12,45
SUM OF 2nd

HALF 0DDS 3.7825 1.675 |[-0.3725 [|-1.63 2.75
SUM OF 2nd 7

HALF EVENS 6.295 1.6625 |-0.59 |-3.55 1.45
X + W 6.1275 16.205 |[19.5425 [18.58 13.4
Z+Y 10.0775 3.3375 |-0.9625 |-5.18 4.2
X - W 0.825 -0.95 -4.9625 | 6.12 -8.5
Z-Y 2.5125 -0.0125 {-Q.2175 |-1.92 -1.3
YW Z+Y 16.205 19.5425 [18.58  [13.4
(X-W)+(z-Y) 3.3375 -0.9625 |-5.18 4.2

TABLE 11 CONTINUED

55



SIGNIFICANCE POINTS TEST (M) FOR NUCLEATION RATE

TABLE 12

INTERACTION (MS) In (MS)
AB 9.8 2.2823824
ACD - 62 6.4377517
ABD 87.9 4. 4761998

Total 7227 13.196334

M = 31In 722.7:- |3.19633{
ie 19.748983 - 13.196334 = 6.5526486.

From Nafr's table for k = 3

6

Error Variance = (9.8 x 10

;o M=77
+6.25 x 10
TABLE 13

ANALYSIS OF VARIANCE FOR NUCLEATION RATE

56

+8.79 x 107°) = 0.0007227.

POURCE OF VARIATION

DEGREE OF FREEDOM

MEAN SQUARE

MEAN SQUARE

ERROR VARIANCE

Supersaturation A
Agitation Rate B
Residence time C
Temperature D
Interactions AC
| BC
ABC
AD
BB
cD
BCD
, ABCD
Error (AB,ACD,ABD)

N
A =t ot st el et ot et ol vt —

.6961816
.0564063
. 2868066
9751563
.0112891
.003785
.0126563
.1779785

.0215723
.0018706
.0007227

.0123766
.0698941.

"963.30649
78.049398

1780.5543

1349.3238
15.6207280
© 4.6748305
- 17.512522
246. 26885
©17.125502
96.712467
29.849592
- 2.5883492

F - distribution for F(1,3) = 10.1.  (95% confidence level)
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Therefore,it could be said with 95% confidence that for nucleation

rate the following were significant and with their corresponding values.

TABLE 14

FACTORS VALUES
Supersaturation A . 0.4171875
Agitation Rate B _ -0.11875
Residence Time c -0.5671875
Temperature D . o ~0.49375
Supersaturation x Residence Time AC ''-0.053125
Supersaturation x Agitation x
Residence ABC = --0.05625
Supersaturation x temperature AD 0.2109375
Agitation x temperature BD - 0.055625-
Residence x-temperature cD -0.1321875
Agitation x Residence x . -
temperature BCD ‘ -0.0734375

ANALYS1IS OF VARIANCE. RESULT FOR NUCLEATION RATE SHOWING THEIR SIG-

NIFICANT FACTORS AND THEIR VALUES.

5.6 REGRESSION ANALYSIS

An attempt was. made to Aerive a relationship between growth rate,
nucleation rate and the factors studied viz supersaturation, residence
time and temperature. .1t is necessary to boint_out at this stage that
agitationvrate was not inctUded in the regression analysis because itvhas
been‘shown tﬁat the effect of agitation rate on both growth and nuéleation
rates }s;minima]. Also surfa;evintegration waS'observed to be thé con-~
trolling step for growth rate while nucleatfonirate was homogeneous nuclea-
tion Eéth of which are independént of agitation rate. Many mathematical
models of_the type found in chemical kinetics and rate equations were

tried and the one that gave the lowest standard deviation was chosen to

represent the relationship between either growth rate or nucleation rate
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and the variables studied. Crystallization is a physical transformation,
thus‘thé mathematical model derived may not necessarily have the same
mathématics-és does a chemical transformation, even though this form of

the relationship is most commonly used.
5.6.1 GROWTH RATE

The suggested growth rate model is the normal basic rate equation
found in crystallization kinetics but with some terms included to alter
‘the effective rate constant to take account of residence time. Thus the

growth rate model was found to be

P -14166.67
G = Ksr,e’e, RT o @

where 14166.67 cal/mol is the mean activation energy
for growth rate

= supersaturation
= residence time (seconds)
= molar gas constant (cal/deg.mol.)
= Temperature (°K)
= constant

Légs of both sides éf the equation were taken and a non-linear
parameter estimate program was written. Also incorporated in the program
is the calculationiof the residue, which is defined as the sum of squares
of the deviations of the predicted values from-the measured valués, and
of the'standard deviation. From the computef print-out, the following

values'werevobtained (Appendix'9 for program, parahéter values, residues)‘

' , i, =-1L4166.67
6=10%5sT 3.Q7471 e RT

In other words K = 100; .8 = 3.07471

224.8826

sum of squares of Residuals (SOSR)

standard deviation f : . S.D

1.456549

The relative high values of both standard deviation and sum of
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squares of residuals confirmed ‘the problem encountéred in trying to use

a cheﬁicél'rate equation type to fit a physical change as in crystalliza-
tion;‘ Also the positive order of residence time in the equation is con-
tfary to what is obsefved"in-thevfactérial analyéfs where all the variables
were allowed to interact; This discrepancy may be due to the fact that in
‘ simpie regression analysis; thé interactive effect of the factors was
not-tékén into consideration. . Since there are no published works on .
regréssion analysis'invpiving temperature, supersaturation and residence
time; it is not possiblé to'¢omparé the result to pub]ishéd data;'vOther
workers (10,12,13,27) have used a similar ﬁodel but.have not allowed for

the effect of residence time on growth rate or on nucleation rate.
5.6.2 "NUCLEATION RATE

The same approach used above was applied for. the determination of
the mathematical model relatihg;nucléation‘rate'and the factors, super-
saturation, residence time, temperatufe. The relationship was found to
bea . o '

' _ -13811.11 ‘
B=k?Pe R ®)
where B = nucleation rate (number/hr)
K = constant
. . § = supersaturation
13811.11 = mean nucleation rate activation.
energy (cal/mol)
R = molar gas constant [cal/deg mol]
T = Temperature (°K)

o T = residence time (seconds)
[see Appendix 9b for program and Residuals]

The parameter values are as follows
K=10% B=7.57801
The sum of squares of Residuals (SOSR) = 315258.2

standard deviation .5.D - = 54,53567 -
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This high standard deviation can be explained by the possibility

that the model is incorrect or that the predicted values were always

4

greater than the measured values. This would ‘confirm the observation

C31&a

made by Ramshaw, that, 'the nucleation rates measured by the extra-

polation of population density versus crystals size to the size equal

to zero from sieve analysis is always smaller than: the actual value.' He '@

buttressed hfs'argument byfpresentiﬁg plots of~popufation.density Qersus
crystal7size for crystals size. less than Sme (measUred with electronic
counters)‘which is fhe limit for most sieve analysis. He found that

sizes léss than 50mm, the relation ceased to be linear but pafabolic
(concave upward), thus giving a higher nucleation rate than .that measured.
Coupled Wifh this, is the fact that the susbension mass was not considered
in the experiment. From»nucléation.theory, suspension mass has ajéreat

effect on nucleation rate.
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CHAPTER SIX

DISCUSSION AND CONCLUSION

6.1 DISCUSSION

The factorial analysis indicates the response of the growth rate and
nucleation rate to variations in the factors which were tested in this
study. This measure of response was based on the deviation of both the
growth and nucleation rates from zero response, that is, at a growth rate
and a nucleation rate equal to zero. All positive values indicate increase
in both growth and nucleation rates while negative values imply a decrease

in nucleation and growth rates.
6.1.1 EFFECT OF SUPERSATURATION

In both growth and nucleation rates, a variation of supersatufation
from 0.70 to 0.95 brought a corresponding increase of 0.10809 and 0.4171875
in the rates respectively. From the analysis of variance (ANOVA) the
factor was found to be significant which is in agreement with the results
of other workers. Although not much has been published on sodium sulfate
crystallization the effect of supersaturation on growth and nucleation rates
for other systems like potassium sulfate have been discussed.(]4’28’33’h])
In all these cases a positive supersaturation effect had been reported.
Randolph and Cise,36 reported a decrease in nucleation rate with increase
in supersaturation for the same system. This is contrary to the result
obtained in this study.

Considering the relationship between nucleation and growth rates, that
is, B = n°G, an increase in growth rate should cause a corresponding

increase in nucleation rate. Growth rate is a function of the crystal size
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distribution (CSD). The greater the crystals size displacement to smaller
size values the steeper the slopes of the semi-log plots of population
density against crystals size will be, which will lead to larger values of
nuclei population density (n°), since this is got by extrapolation. Thus,
an increase in growth rate due to increase in supersaturation will result

in an increase in nucleation rate as has been.shown in this work.
6.1.2 EFFECT OF AGITATION RATE

An increase in agitation rate resulted in a decrease in both growth
and nucleation rates. An increase in agitation rate from 1260 RPM to
2466 RPﬁ gave a negative (decreased)response of -0.06511 and -0.11875
for the growth and nucleation rates respectively. This is in agreement with

48

the observations made by Coulson and Richardson;IO Van Hook, A and

26 (6,13,37,35,44)

McCabe and Stevens, R.P. A host of other workers have
reported the same trend. This was expected because at higher agitation
rates, the attrition effect will become very pronounced, which will result

in Tow growth and nucleation rates.
6.1.3 EFFECT OF RESIDENCE TIME

An increase in residence time from 170 secs to 380 secs gave a negative
(decreased) effect of -0.40811 and -0.5671875 on both growth and nucleation
rates respectively. This also confirmed what has been reported.(l’43)
This was expected since the net result of increased residence times was
the generation of low supersaturations and consequently low growth and
nucleation rate values. Lower growth rate implies that more crystals have
grown to larger sizes with a subsequent reduction in the slope of the semi-

log plot of population density against crystal size. Also this size enhance-

ment might be primarily due to the fact that nucleation rate decreased to a
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greater relative degree than growth rate when the residence time was

increased from 170 secs to 180 secs.
6.1.4 EFFECT OF TEMPERATURE

An increase in temperature from 15°C to 35°C gave an increase of
0.08321 in the growth rate response while the increase in nucleation rate
was 0.49375 for the same temperature variation. This result confirmed

the results reported by the other workers(l’g’zz)

who studied other systems.
This implies that a decrease in temperature resulted in the production of
fewer nuclei and larger crystals. This is also confirmed by the relative

values of the temperature effect on growth and nucleation rates.
6.1.5 EFFECT OF FACTOR INTERACTIONS

The interaction of supersaturation and residence time gave a decreased
rate of growth factor of -0.0048238. This simply implies that at higHer
supersaturation and residence time values, the effect of resideﬁce time
predominated over the effect of supersaturation, since supersaturation
-as a single factor gave a positive growth factor while residence time gave
negative factor (growth). As was expected, the interaction of temperature
and supersaturation resulted in a positive growth factor of 0.0049363.

The other interactions were so small that they were used in the error
variance-analysis.

The interaction of supersaturation with residence time gave a negative
nucleation factor of -0.053125, while the temperature, supersaturation
interéction resulted in a positive nucleation factor of 0.2109375. The
interaction between agitation rate and temperature géve a positive nucleation
rate factor of 0.055625, which shows that the effect of temperature far out-

classed that of agitation rate, since agitation rate as a factor had a negative
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influence on nucleation. The net effect of the interaction of residence’
time and temperature was a reduction of 0.1321875 in the nﬁcleation rate
factor. In other words at higher residence times, its effect overshadowed
the positive effect of temperature. This conclusion could also be made

by observing the interaction of the three‘factors viz residence time,
agitation rate and temperature, which resulted in a negative nucleation
factor of -0.0734375. The same thing was observed in the interaction of
supersaturation, agitation rate and residence time. The effect was a
negatiQe (-0.05625) nucleation rate factor.

It can berseen from the foregoing discussion that residence time has

a more pronounced effect on both growth and nucleation rates, than does
temperature. |t was not possible to determine the relative effect of both
agitation rate and supersaturation since the mean square of their interac-
tion was so small that it was used in the error variance calculation.

The interaction effect of the four factors was not significant.
6.1.6 EFFECT OF FACTORS ON YIELD

The yield expressed as the weight of single neutral sodium sulfate=
crystal produced during crystallization, in general showed an opposite
trend to that of growth and nucleation rates. Increase in supersaturation
and temperature resulted in lower crystal yields because more nuclei were
formed with a corresponding reduction in growth rate which resulted .in
smaller sized particles and hence low crystal weights (crystal mass is a
function of crystal volume). While increase in residence time produced
larger sized particles and a corresponding increase in crystals' mass.

It should be noted that this trend could only be observed when single
crystals were measured but yield in term§ of weight of total neutral sodium

sulfate crystals produced increased with increase in both supersaturation
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and temperature. While increase in residence time and agitation rate gave
low yields. This can be explained by the fact that what the crystals lost
in size at increased supersaturation and temperature, they more than com-
pensated for by an increase- in crystal number.

The single crystal weight was determined by measuring the dimesions
of about a hundred seed crystals under the microscope for the different
conditions tested. The volume of each crystal was calculated and multi-
plied by the density of neutral sodium sulfate to give the mass. A cross-
check operation was performed by measuring the weight of these 100 seed
crystals and the value divided to give the average volume of the crystals.

A deviation of about 5% was observed in the two volumes.

6.2 CONCLUSION

Nucleation and growth are parallel kinetic reactions. Nucleation
determines the rate of particle formation (in the absence of attrition or
agglomeration); while growth determines the rate of deposition of sélute
on existing cr;stals. In order to control the size distribution of par-
ticles, the relative rate of nuclei formation compared to the rate of
enlargement is of prime significance. To increase the mean particle size,
particle formation must be suppressed relafive to growth, resulting in
fewer but larger crystals. |If a market demands large crystals, crystalli-
zation design should be based on increasing the growth rate relative to
nucleation rate. Since growth is of lower kinetic 'order' than nucfeation
rate, decreasing supersaturation will decrease growth rate less than the
corresponding reduction in hucleatiqn rate resulting in a reduced relative
érystallization rate. |

Since activation energy for crystal growth was practically constant
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and independent of agitation rate, it has been suggested that surface
integration was the controlling resfstance. It has been shown that a
diffusional mechanism has a lower activation‘energy, while Coulson and
Richardson]0 have shown that for higher values of activation energy, the
reaction is in general, surface reaction rate-controlled. Also for

" diffusional mechanism to be the controlling resistance, an increase in
agitation rate should promote growth of crystals and also the growth should
be sizedepéndent. In this study it was observed that the growth of
crystals was size independent and an increase in agitation rate decreased
growth of crystals.

Homogeneous nucleation is suggested as the mechanism of nucleation
for the conditions studied in these experiments. This contfusion is
drawn from the fact that clear solutions were used in the study and an
increase in supersaturation resulted in an increase in nucleation rate.

If the mechanism had been collision breeding or by attrition, an increa;e

in agitation rate would have resulted in an increase in nucleation rate,

but the reverse was the case. Also there could have been marked breakage
points on the crystals but as could be seen from the photographs, the break-
age points are minimal.

A first 'order' relation was found to exist for growth rate with
supersaturation while that of nucleation was fifth 'order'. The growth
rate was found to be independent of the size of the cryétals, thus the
basic (McCabe AL Law)25 assumption made oriéinally was correct. The cal-
culated mean size and fhe coefficient of variation confirmed that there-
was no classification of product in the reactor. A search of the litera-
ture showed that, there have not been any published data on sodium sulphate--
methanol/water--sulfuric acid phase diagram, thus an attempt was made

to present the data for 35°C.
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The results of the regression analysis on the data to give a reaction
equation of the normal form would indicate that the form of the model may
not be correcti. |In the case of nucleation rate where the fit was especially
poor it is possible that an account must be taken of the very small nuclei

and the suspension mass must be included in the correlation.
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6.3 RECOMMENDATION

As a result of this study, the following recommendations can be
made : -
(i) Different ratios of methanol-water in the diluent mixture should
be tested and plotted on a phase diagraﬁ to get a working combination that
will allow greater flexibility in the variation of supersaturation.
(2) If higherltemperaturés than 35° C are to be used, a different alcolhol
precipitant should be utilised.
(3) A larger reactor capacity should be used to aid the testing of residence
time effect at levels above 380 secs.
(4) A more sophisticated counting method éhould be employed-in order to
get a more accurate measure of the number of crystal seeds with very'small
sizes.
(5) The effect of the presence of trace elements such as chromates
(originally iﬁ sodium chlorate) and other corrosion products on growth,s
nucleation rates and yield should be studied. In other words an effort
should be made to use actual industrial effluents and to quantify the effects
of its trace components.
(6) The effect of suspension mass on growth, nucleation rates and yield
should be investigated.
(7) With this added information an attempt should be made to formulate
a better mathematical relationship. that predict both growth rate or yield

for any specified operating conditons.
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NOMENCLATURE TYPICAL UNITS
Mesh opening at uniform
intervals of 0.005 mm
screen size mm

Frequency factor

Nucleation Rate Numbers /hour
coefficient of variation percent
Activation energy kcal/mol
Growth rate mm/hr

Interation counfer

Growth rate constant - mm/hr
Nucleation rate constant Number/hr
Overall shape factor

crystal size _ mm
hypothetical crystal size mm

hypothetical crystal size increment mm

crystal mass increment gm
Population density No/mm
population nuclei density No/mm

Particle (crystal size) diameter mm
Flow rate cm3/sec
Molar gas constant cal/deg ‘mol

Supersaturation

Reactor capacity cm3
Suspension density gm/cm3
crystal density gm/cm3
Residence time secs
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Temperature = 15°C

Volume fraction of

APPENDIX 1

Specific gravity of methanol/water solution at various temperatures.

methanol Specific gravity

0.2 0.997
0.4 - 0.978
0.6 0.951
0.8 0.933
1.0 0.203

Temperature = 20°C

Volume fraction of

methanol Specific gravity

0.2

—0 0O
O oo &

0.996
0.976
0.9505
0.931
0.9087

Temperature = 25°C

Volume fraction of

methanol Specific gravity

0.2

-0 OO0
O 00 O &

0.995
0.974
0.946
0.929
0.906

Temperature = 35°C

Volume fraction of

methanol Specific gravity

0.2

— O OO
O 00 Oy &

0.994
0.97
0.946 -
0.9265
0.95
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APPENDIX 2

TABLE OF VALUES OF GROWTH RATE, NUCLEATION RATE AT VARIOUS

SUPERSATURATION LEVELS, FOR DIFFERENT LEVELS OF TEMPERATURE,
AGITATION RATE AND RESIDENCE TIME.

RESIDENCE TIME = 170 secs; GROWTH RATE UNITS: (mm/hr)
AGITATION RATE = 2466 RPM NUCLEATION RATE UNITS: (NUMBER7HR)
SUPERSATURAT I ON GROWTH RATE NUCLEATION RATE TEMPERATURE
0.70 0.081 0.7075 x }07
0.823 0.088 - 0.82 x 10" 15°C
0.95 0.095 0.9825 x 10
0.70 0.0822 0.88 x 107
0.823 0.0913 0.9725 x 10; 20°C
0.95 0.10 1.3 x 10
0.70 0.0838 1.08 x lo;
0.823 0.095 1.30 x 10 25°C
0.95 0.1066 1.675 x 10
0.70 0.08835 1.2125 x 10;
0.823 0.1005 1.4975 x 107 35°C
0.95 - 0.113k 1.9875 x 10




AGITATION RATE = 1926 RPM
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RESIDENCE TIME = 170 secs.

SUPERSATURAT I ON GROWTH RATE NUCLEATION RATE TEMPERATURE

0.70 0.0995 1 x 10/

0.823 0.1058 .2375 x 1077 15°¢C
0.95 0.1132 .44375 x 10

0.70 0.10075 .20375 x 1@?

0.823 0.1085 3725 x 110} 20°C
0.95 0.1175 675 x 10

0.70 0.10325 3125 x 10;

0.823 0.115 5075 x 107 25°¢C
0.95 0.12075 .975 x 10

0.70 0.1045 . 42875 x 10;

0.823 0.11475 7225 x 10 35°C
0.95 0.1255 .28  x 1o

AGITATION RATE = 1260 RPM

RESIDENCE TIME = 170 secs.

SUPERSATURAT I ON GROWTH RATE NUCLEATION RATE TEMPERATURE

0.70 0.0963 .0125 x 10;

0.823 0.10135 1 x 107 15°¢C
0.95 0.1057 .23125 x10

0.70 0.0981 .09375 x10/

0.823 0.10528 245 x:¥ lo; 20°C
0.95 0.1133 43125 x10

0.70 0.1015 .2000 x 10;

0.823 0.11048 13875 x 10 25°C
0.95 0.1206 65 x 10

0.70 0.10306 .3125 x 10;

0.823 0.1142 505" x 107 35°C
0.95 0.12525 .925 x 10




AGITATION RATE = 2466 RPM

RESIDENCE TIME = 235 secs.

SUPERSATURATION GROWTH RATE NUCLEATION RATE TEMPERATURE
0.70 0.066 0.66875 x lo;
0.823 0.07225 0.8 x 1 15°¢C
0.95 0.0781 1.0375 x 10
0.70 0.06735 0.875 x 10;
0.823 0.0769 1 x 107 20°C
0.95 0.086 1.18125x 10
0.70 0.0727 0.98375 x 10;
0.823 0.08135 1.15625 x 107 25°¢C.
0.95 0.0915 1.41875 x 10
0.70 0.07495 1.0825 x 1o;
0.823 0.0857 1.3125 x 10 35°¢
0.95 0.09615 1.6375 x 10

AGITATION RATE = 1926 RPM

SUPERSATURATION

RESIDENCE TIME = 235 secs.

.09369

GROWTH RATE NUCLEATION RATE TEMPERATURE
0.70 0.0727 0.830625 x 10;
0.823 0.0763 0.9125°" x 107 15°¢
0.95 0.078k 1.0625 x 10

'0.70 ' 0.0742 0.875 «x log
0.823 0.078k 1.01875 x 10f 20°C
0.95 0.0842 1.19375 x 10
0.70 0.07525 0.95625 x 10;
0.823 0.0827 1125~ x 19 25°C
0.95 0.0887 1.4 x 10
0.70 0.0772 1.0375 «x 10%
0.823 0.084g5 1.2925 x 10 35°C
0.95 0 1.61875 x 10
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AGITATION RATE = 1260 RPM
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RESIDENCE TIME = 235 secs.

SUPERSATURAT I ON GROWTH RATE NUCLEATION RATE TEMPERATURE

0.70 0.07425 1 x 10;

0.823 0.0765 1.07 x 10 15°¢C
0.95 0.08025 1.21875 x 107

0.70 0.0755 1.14125 x lo;

0.823 0.0791 1.2325" x 107 20°¢C
0.95 0.0845 1.4375 x 10

0.70 0.07725 1.2625 x 1077

0.823 0.08195 1.41875 x 107 25°C
0.95 0.0869 1.65375 x 10

0.70 0.07875 1.425 x 10;

0.823 0.08435 1.575 x 10 35°¢
0.95 0.0903 1.86625 x 10

AGITATION RATE = 2466 RPM

RESIDENCE TIME = 380 secs.

SUPERSATURAT I ON GROWTH RATE NUCLEATION RATE TEMPERATURE

0.70 0.0k14 0.45 x 10;

0.823 0.0431 0.5075 x 107 15°¢
0.95 0.0451 0.575 x 10

0.70 0.0433 0.5 «x 103

0.823 0.046 0.6 x 10, 20°¢C
0.95 | 0.04865 0.75625 x 10

0.70 0.04475 0.5375 x 1077

0.823 0.0489 0.69375 x 107 25°¢
0.95 0.053 0.89375 x 10

0.70 0.0472 0.6125 x 10;

0.823 0.05175 0.79  x 10] 35°¢
0.95 0.0573 17 x .10




AGITATION RATE = 1926 RPM
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RESIDENCE TIME = 380 secs.

SUPERSATURATION GROWTH RATE NUCLEATION RATE TEMPERATURE
0.70 0.041 0.3375 x 10;
0.823 0.0435 0.3875 x 107 15°¢
0.95 0.0451 0.43125 x 107
0.70 0.0425 0.6875 x 10;
0.823 0.0462 0.8 " x107, 20°¢C
0.95 0.050 0.96625 x 10
0.70 0.0435 0.8  x 1077 :
0.823 0.0486 0.9275 x 10, 25°¢
0.95 0.0535 1.125° x 107
0.70 0;04475 0.90625 x 10;
0.823 0.05057 1.0625 x 107 35°¢C
0.95 0.057 1.3125 x 10

- AGITATION RATE = 1260 RPM RESIDENCE TIME = 380 secs.

SUPERSATURAT | ON © GROWTH RATE NUCLEATION RATE ~  TEMPERATURE
0.70 0.04k 0.48125 x 10;
0.823 0.0475 0.5175 x 107 15°¢
0.95 . 0.05125 0.6875 x 10
0.70 0.04575 0.505625 x 10;
0.823 0.0501 0.6375  x 107 20°C
0.95 0.05515 0.875  x 10
0.70 0.047 0.645 x 10;
0.823 ' 0.0530 0.8125 x 107, 25°¢
0.95 0.05865 1.08125 x 10
0.70 0.04865 0.7375 x 10;
0.823 0.05565 0.9h25 x 10 35°C
0.95 0.06245 1.2825 x 10
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MEAN SI1ZE AND COEFFICIENT OF VARIATION (CV)

SUPERSATURATION = 0.95

MEAN SIZE (mm)

TEMPERATURE = 15°C AGITATION RATE = 2466 RPM

_COEFFICIENT OF VARIATION (C.V)% RESIDENCE TIME (secs)

.20.1001 31.2 170
0.1006 L5 235
0.1009 48 380

SUPERSATURATION = 0.95

MEAN SIZE (mm)

TEMPERATURE = 20°C AGITATION RATE = 2466 RPM

COEFFICIENT OF VARIATION (C.V)3%

RESIDENCE TIME (secs)

0.1003

0.1007
0.101

33
k9
51

170

235
380

SUPERSATURATION = 0.95

MEAN SIZE (mm)

COEFFICIENT OF VARIATION (C.V)%

‘ TEMPERATURE = 25°C AGITATION RATE = 2466 RPM

RESIDENCE TIME (secs)

0.1004
0.1008
0.1009

32
46
52

170
235
380

SUPERSATURATION = 0.95

MEAN SIZE (mm)

TEMPERATURE = 35°C

AGITATION RATE = 2466 RPM

COEFFICIENT OF VARIATION (C.V)% RESIDENCE TIME (secs)

0.1002
0.1009
0.1007

28
L2
43

170

235
380

SUPERSATURATION = 0.823

TEMPERATURE = 15°C

AGITATION RATE = 1926 RPM

MEAN SIZE (mm)  COEFFICIENT OF VARIATION (C.V)%Z RESIDENCE TIME (secs)

0.100
0.1003
0.100

39
L6

52

170
235
380




SUPERSATURATION= 0.823

MEAN SI1ZE (mm)

TEMPERATURE = 20°C
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AGITATION RATE = 1926 RPM

COEFFICIENT OF VARIATION (C.V)% RESIDENCE TIME (secs)

0.1002
0.1001
0.1005

29
47
43

170
235
380

SUPERSATURATION = 0.823

"MEAN SIZE (mm)

TEMPERATURE = 25°C

COEFFICIENT OF VARlATIONl(C.V)%

AGITATION RATE = 1926 RPM

RESIDENCE TIME (secs)

0.1001
0.1003
0.1007

33
Lo
L2

170
235
380

SUPERSATURATION = 0.823

MEAN SIZE (mm)

TEMPERATURE = 35°C

COEFFICIENT OF VARIATION (C.V)%

RESTDENCE TIME (secs)

RESIDENCE TIME (secs)

0.1003
0.1002
0.1008

31
39
38

170
235
380

SUPERSATURATION = 0.70

MEAN SI1ZE (mm):

TEMPERATURE = 15°C

COEFFICIENT OF VARIATION (C.V)%

AGITATION RATE = 1260 RPM

RESIDENCE TIME (secs)

0.100
0.1001
0.1001

35
37
38

170

235
380

SUPERSATURATION = 0.70

MEAN SIZE (mm)

TEMPERATURE = 20°C

AGITATION RATE = 1260

0.1001
0.10015
0.100

COEFFICIENT OF VARIATION (C.V)% RESIDENCE TIME (secs)

32
33
Lo

170
235
380
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SUPERSATURATION = 0.70k TEMPERATURE = 25°C  AGITAION RATE = 1260

MEAN SIZE (mm) COEFFICIENT OF VARIATION (C.V)% RESIDENCE TIME (secs)

0.1001 32 170
0.1002 32.4 235
0.1003 31.5 380

SUPERSATURATION = 0.70 TEMPERATURE = 35°C -AGITAT|0N RATE = 1260 RPM

MEAN SI1ZE (mm) COEFFICIENT OF VARIATION (C.V)% RESIDENCE TIME (secs)

0.100 34 170
0.1001 33.6 235
0.1002 36 380
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APPENDIX 4

GROWTH AND NUCLEATION RATE CONSTANTS WITH CALCULATED ACTIVATION ENERGY AT

VARIOUS CONDITIONS
VARIOUS CONDITIONS

AGITATION RATE - 2466 RPM

RESIDENCE TIME = 170 secs.

GROWTH CONSTANT ACTIVATION ENERGY 1.T°K NUCLEATION CONSTANT ACTIVATION ENERGY
2.996 0.0032468 0.819
1.8807 14.5kcal/mol 0.0033557 0.424474 15 kcal/mol
1.4550 0.003413 0.30573
1.13029 0.0034720 0.212556
AGITATION RATE = 1926 RPM RESIDENCE TIME = 170 secs.
GROWTH CONSTANT ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
1.9 0.0032468 0.49
1.453 14. bkcal /mol 0.0033557 0.383864 14.8 kcal/mol
1.30 0.003413 0.34432
1.12 0.0034722 0.30
AGITATION RATE = 1260 RPM RESIDENCE TIME = 170 secs.
GROWTH CONSTANT ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERG)
2.295 0.0032468 0. 4244748
1.50 15kcal/mol 0.0033557 0.3057307 14.5kcal/mol
1.15 0.003413 0.2308682 S C
0.9 0.0034722 0.185
AGITATION RATE = 2466 RPM RESIDENCE TIME = 235 secs.
GROWTH CONSTANT ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
2.2 0.0032468 0.3443276
1.48 14.6kcal/mol 0.0033557 0.2867454 13 kcal/mol
1.18 0.003413 0.2567
0.94896 0.0034722 0.230
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AGITATION RATE = 1926 RPM RESIDENCE TIME = 235 secs.

GROWTH CONSTANT  ACTIVATION ENERGY 1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
1.326 0.0032468 0.381 ' :
1.07236 13kcal/mol 0.0033557 0.30573 13.8 kcal/mol
0.90 0.003413 0.270
0.799 0.0034722 0.240

AGITATION RATE = 1260 RPM | RESIDENCE TIME = 235 secs.

GROWTH CONSTANT ~ ACTIVATION ENERGY ~ [/T°K  NUCLEATION CONSTANT ACTIVATION ENERGY
0.9004 0.0032468 0.301
0.767327 13.2kcal/mol 0.0033557 0.256 13 kcal/mol

:0.692 0.003413 0.2056
0.4578357 0.0034722 0.17
AGITATION RATE = 2466 RPM RESIDENCE TIME = 380 secs.

GROWTH CONSTANT  ACTIVATION ENERGY  1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
1.32 0.0032468 0.32491
0.6494067 ~ 14.6kcal/mol |0.0033557 0.21 13 kcal/mol
0.4244748 0.003413 0.173
0.2981129 0.0034722 0.135

AGITATION RATE = 1926 RPM RESIDENCE TIME = 380 secs.

GROWTH CONSTANT  ACTIVATION ENERGY  1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
1.00 0.0032468 0.323
0.7 14kcal/mol 0.0033557 0.2308 12.6kcal/mol
0.5k 0.003413 0.1853
0.4 0.0034722 1 0.155

AGITATION RATE = 1260 RPM RESIDENCE TIME = 380 secs.

GROWTH CONSTANT  ACTIVATION ENERGY  1/T°K NUCLEATION CONSTANT ACTIVATION ENERGY
1.4 | 0.0032468 0.4k
0.932515 14.2kcal/mol  10.0033557 0.3038 14.6 kcal/mol
0.753554 0.003413 0.24
0.57735 0.0034722 | 0.19
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$SIGNON COGB PRINT=TN PAGES=300 TIME=15 FORM=SECURE COPIES=2 ' THESIS'
APPENDIX 5
cecececcecce 000000000000 GGGGGGGGGG BBBBBEBBBBB
cccceecceecec CO0O000000000 GGGGGGGGGGGG BBBBBBBBBBBB
CC CC 00 00 GG GG BB - BB
CcC 00 00 GG BB BB
CcC 00 00 GG BB BB
cC . G0 00 GG BBBBBBBBBB
cC 00 00 GG GGGGG DBBBBBBBBBB
CcC 00 o0 GG GGGGG BB ’ BB
- CC GO 00 GG GG BB BB
cC cC 00 G0 GG GG BB BB
CCCCCCCCCCCC ™ 000000000000 GGGGGGGGGGGG BBBBBBBBBBBB
CCCCeLcececece Q00000000000 GGGGGGGGGG BBBBBBBBBBB
SS5SSS5S8SSS PPPPPPPPPPP EEEEEEEEEEREE geeeececce
*% % X SSS558555SSS PPPPPPPPPPPP EEEEEEEEEEEE CCCCCCLCCLCC * % 3
*% k% *% SS SS PP PP EE cC . cC % 3
*& kX X% SS PP PP EE cC x¥ 3
kX 58S PP PP EE cC %3
ok kg kkxk SS5SSSSSSS PEPPPPPPPPPP EEEEEEEE cC Tk XA
AT RERR T RKEK SSS5SSSSSS PPPPPPPPPPP EEEEEEEE CC ok k¥
ok R §SS5 PP EE cc % 3%
Kk kR K% SS PP EE cc ko
& &k ¥k S5 Ss PP EE cC cc e
* % *x ¥ % SSSSSSSSSSSS PP EEEEEEEEEEEE CCCCCCCCCCCC ** 1
S5585S558SSS PP EEEEEEEEEEEE ceeeeecece

*%*Last signon was: . 14:01: 49 Tue Juan 10,80

Oser "COGB" signed on at ©01:09:35 on Wed Jun 11/80
$RUN SJUT:QUERY
Execution Begins 01:09: 36

*%*%«SECURE QUERY: EXECUTION OK'D BY OPERATOR

EXxecution Terminated 01:09:44 T=0,002 RC=0 $.00 -
$copry PROJECT *SINK*
EROJECT: PROC OPTIONS (HAIN);

/*RESULTS AND ANALYSIS OF RESULTS */;

/% .DECLARATION STATEMENTS */;
DCL (GRV(3,3,3,4),NRV (3,3,3,4) ,DAT(3,3,3,4,6)) FLOAT(16);
DCL (TEHP (4) ,AGIT(3) ,RES(3) ,SUPSAT(3)) FLOAT{16) ;
oCL . {LN,LAD,I,J,K,L,IA,M,JA) FIXED;
DCL (AD(*),X(*) ,CUW (*),N(*),D(*),2(*)) FLOAT(16) CTIL;
DCL (SUM_X,SHMD,CUM_X,AS,DEN,DIFF) FLOAT({16) ;
DCL (SUM_D,SU#_N,SUM_ND,SUN2_D,V,RHO) FLOAT {16); ,
DCL (RHO_G,KV,C,G,MD) FLOAT (16), (NO(3,3,3,4)) FLOAT(16);
BCL {RTEMP(27,2) ,RAGIT{36,2),RRES (36,2) ,RSUPSAT {36,2) ) FLOAT{16) ;
DCL (SUM_G,SUM_S,SUM_SG,SUM2_S,DS,KSG,PSG) FLOAT (16); .
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on

DCL {SUM_NR,SUM_SN,KSN,PSN,KAG,PAG,DA,SUM_A, SUM_AG) FLOAT (16) ;
DCL (SUM_AN,KAN,PAN,SUM_RB,SUM_RG,SUM2_R,DR) FLOAT{16) ;
DCL {(¥O,KRG, PRG,SUM_RN,SUM_T,SUM_TG,DT) FLOAT(16);
DCL ({K?G,PTG,SUM_TN,KTIN,PTN,KRN,DG) FLOAT (16) ;
PUT PAGE LINE{3) EDIT{'ANALYSIS RESULTS') (COL(26),4);
PUT SKIP{(0) EDIT((18)°%_1) (COL(26),A);
/® INPUT STATEMENTS %*/;
GET LIST (KV,V,RHO_G,LAD);
- ALLOCATE AD (LAD) ,X{LAD) ,C¥ (LAD) ;
. GET LIST ({AD{JA) DO JA=1 TO LAD)); .
LB1: DC L=1 TO U4;
DO K=1 TO 3;
pC J=1 TO 3;
. DO I=1 TO0 3;
GET LIST (SUPSAT{I),AGIT (J),RES(K),TENP (L), {DAT {X,d,K, L M) DO pN=1
TO 6));
END LB1;
/% POPULATION DENSITY COUNT FROM SCREEN UEIGHTS */.
LB2: DO L=1 TO 43
DC K=%1 TO 3;
DO =1 TO 3
DC I=%1 TO 3;
DO M=1 TO 5;
X(M¥) =DAT(I,J,K,L,H);
END;
BHO=DAT(1,Jd,K,L,6);
SUM_X=SOM {X) ;
cuM_X=0;
DO JA=1.TO LAD;
COM_X=COM_X+X(JA) ;
CW (JA) =100 *CUHM_X/SUM_X; -
END;
DIFF={AD({LAD) -AD(1)) /0.005;
LN=TRUNC{DIFF);
ALLOCATE D{LR) ,Z {LN)  N{LN);
DO IA=1 TO LN¥-1;
AS=AD{1) +0.005%(IA-1) ;
DO JA=1 TO LAD-1; ‘
IF(AS>=AD(JR) )& (ASKAD{JA¢1))}§ (AS=AD(LAD)) THEN GO TO LB3;
END;
LB3: Z(IA)=CH (JA)+{CW{JA+1) CH(JA))*(AS-AD(JA))/(AD(JA*1)-AD(JA)).
D(IA) =SQRT ((AS—-.025)* (aS+.025));
N{IA)= (RHO*V* (Z (IA+1)-Z (IA)))/ (RHO_ G*KV*D(IA) *¢3% (D(IA+1)-D(IA))):
END;

-

D(LN)=1;
"N(LN)*1'
SUM_D=SUM{D)-D{LN);
SUM_N=SUM(LOG(N)) ;
SUM_ND=SUM{ (D) *LOG(N)) ;
SUM2_D=SUM{D*%2) —=D{LN) *%2;
DEN=SUM_D#*#%2- {(LN- 1) *SUN2_D;
. DG={SUM_D*SUM_N- (LN-1)*SUN_ND) /DEN;
C= (SUM_D*SUM_ND-SUM_N*SUM2_D) /DEN;
' G=- {1/RES(K) *DG) ;
NO(X,J,K,L)=EXP{C);
NRV(I,J,K,L1)=NO(I,J,K,L)*G;
GRV(I,Jd,K,L)=G; '
PUT SKIP(4) EDIT ({68)°*_') (COL{4),A); ,
PUT SKIP EDIT{*TERPERATURE?, 'RESIDENCE TIME',? AGITATION RATE!'
,"SUPERSATURATION?') {COL(6),A,X(6),A,X(3),4,X(3),4);
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PUT SKIP(0) EDIT((11)*_',(14)*_*,(14)*_*, (15" ') (COL(b) ,A,
X(6) ,A,X(3) /B, X(3) ,A) ; |
POT SKIP{2) EDIT {TEMP(L),RES (K),AGIT (J),SUPSAT (1)) (COL{(D),
E{10,3),X(6),E(10,3) ,X(8) ,E(10,3),X(8) ,E(10,3));
PUT SKIP{2) EDIT(*PCP. AT 0') (COL(13) ,4);
PUT SKIP(0) EDIT((9)*'_") (CCL{13),A): '
PUT SKIP EDIT{NO{(I,J,K,L)) (COL(13) ,E(10,3)):;
PUT SKIP{2) EDIT{'¥WEIGHT X’ VY SCREEN SIZE AD','% CUNULATIVE WEIGHT
") (COL{6),A,X(6),A, X(“)ﬂ?):
PUT SKIP(OJ EDIT((8)'_",(14)'_',{19)'_"') [COL{6),A,X(6),A,X(¥),
A} ; : .
DO JA=1 TO 5;
PUT SKIE(2) EDIT{X{JA) ,AD{JA),CH (JA)) {COL(6),E(10, 3),
X{6),E{10,3),X{6),B(10,3)):
' END;
PUT SKIP(2) EDIT('CRYSTAL .SIZE?,'POPULATION DENSITY',
TCRYSTAL SIZE?!,'POPULATION DENSITY?Y)
(COL{6) ,A,X{2) ,A,X (4),A,X(2),A);
PUT SKIP(0) EDIT((12)2_*,(18)*_1,(12)*
A,X(2) ,a,X(4) ,A,X{2),2);
DO IA=1 TO LN-1 BY 2;
PUT SKIP{2) EDIT{D{IA),N(IAr) D(Ih*?),N(IA*’))
(COL{7),E{(10,3),X(7),E(10, 3) X{(9) E{10,3), X{7),E(1C, 3)),
END;
END LB2'
/% SUPEBSATUBATION,GROWTH AND NUCLEATION RATES RELATIONSHIP */;
PUT .PAGE EDIT({*SUPERSATURATION,GROWTH AND NUCLEATION RATE RELATION )
{COL{4) ,A);
PUT SKIP(Q) EDIT ({68)*_"') (COL(4),A) :
LB4: DO L=1 T0 4;
. DO K=1.TO 3;
- DO J=1 T0 3;
~ SUK_G=SUM(LOG]GRV{*,J,K L))).
. SUH S= SUM(LOG(SUPSAT)),
‘,SUH_SG SUM (LOG {SUPSAT) *L0OG (GRV(*,J,K,L)}):
... SUM2_S=SUM{ (LOG (SUPSAT)) *¥*2); '
.. DS=SUN_S**2-3%SUM2_S;
.+ KSG=EXP{{SUM_G*SUM_S-3*5UM_SG)/DS); -
- PSG=[SUM_S*SUM_SG-SUM_G*SUM2_S) /DS;
.- SOUM_NR=SUM (LOG {NRV(*,J,K,L))):
- SUM_SN=SUM (LOG (SUPS AT) *LOG (NRV(*,J,K,L))) $
KSN=EXP ( {SUM_NR*SUN_S-3*SUM_SN) /D5S) ;
BSN=(SUM_S*SUM_SN- Sﬁﬂ NR*SUNM2 S)/DS'
PUT SKIP (2) EDIT('TEHPEBATURE' *RESIDENCE TIHE','AGITATION’)
, {COL(6) ,A,X{7),A, X(B) A), '
PUT .SKIP({0) EDIT((?‘)' t,(14)*_Y, (9)*_") {COL (6) ,2,X(7) ,A,X(8),4);
PUT SKIP EDIT (TEHP(L) RES(K) ,AGIT(J)) (COL (6) ,E(10,3), X(9),
' E(10,3),X{13) ,E(10,3));
POT SKIP(2) EDIT {*GROWTH CONSTANT',? GROWTH ORDER','NUC_CONSTANT',
*NUCLEATION ORDER') {COL(4) ,A,X(2),4,X(5),3,X(5),%);
PUT SKIP{0) EDIT((15)'_", (12)*_*, (12)°*_ ", {16)'_") .
{COL{4),A,X(2) ,A,X(5),A,X(5),A);
. PUT SKIP EDIT(KSG,PSG,KSN,PSN) (COL(4),E(10,3),X(8),E(10,3),X{(8),
‘ E:!’ola’lx(8)JE‘(10.I3));

.18 _) ({CAO‘L ),

END LB4;
/% AGITATION,GROWTH AND NUCLEATION RATES RELATIONSHIP */;
PUT PAGE EDIT (*AGITATION,GROHTH AND NUCLEATION RATES RELATIONY)
{COL (4) ,4) 5
EUT SKIP(0) EDIT ((68)'_') (COL(4),A);
LB5: DO L=% TO 4; i o



DO K=1 TO 3; 88
DO I=1 TO 3;
SUM_A=SUM{LOG (AGIT)) ;
SUM_G=SUM[LOG(GRV (I,*,K,L)));
SUM_AG=SUM {LOG (AGIT) *LOG (GRV (I, *,K,L)})) ;
SUMZ_A=SUM({LOG (AGIT)) **2);
DA=SUNM_A**¥2-3*SUM2_A;
KAG=EXP { {SUM_A*SUM_G-3*SUM_AG) /DA) ;
PAG={SUM_A*SUM_AG-SUM_G*SUM2_G) /DA;
SUM_NR=SUM (LOG {NRV (I,*,K,1))) :
SUM_AN=SUM (LOG (AGIT) *LOG (NRV(I,*,K,L}})
KAN=EXP {(SUM_NR*SUM_A-3*SUM_AN)/DA);
PAN= {SUM_A*SUM_AN-SUM_NR*SUM2_A) /DA
PUT SKIP(2) EDIT('TEMPERATUBE','RESIDENCE TIME®,'SUPERSATUKATION')
(COL(6) ,A,X(9),A,X(10), Q) ;
PUT SKIP{O0) EDIT{(11)*'_*,(14)*_*,(15)*_") (COL(o) ,A,X(9),A,X (1C) ,4)
PUT SKIP EDIT (TEMP(L),RES {K),SUPSAT(I)) {COL {6),E(10,3),X (11,
E{10,3),X (15) ,E(10,3)) 3
PUT SKIP{2) EDIT{'GROWTH CONSTANT','GROWTH ORDER', Y NUC_CONSTANT?*,
*NUCLEATION ORDER') (COL{4),A,X(2),A,X(5),A,X(5),A);
PUT SKIP(0) EDIT((15)'_*, (12)*_v,(12)*_*,(17) *_*) (COL({4) ,A,X(2),
A,X(5) ,A,X(5) ,A);
PUT SKIP EDIT (KAG, PAG,KAN, PAN) (COL (S5), E{(10,3) ,X(7) ,E(10,3) ,X(8),
E(10,3),X(8) ,E(10,3)):
END LBS;
/¥ RESILENCE TIME,GROWTH AND NUCLEATION RATES */;
PUT PAGE EDIT{'RESIDENCE TIME,GROWTH RATE AND NUCLEATION RELATIUN')
(CCL(4),A);
PUT SKIP{0) EDIT{(68) *_") (COL(4),A);
LB6: DO L=1 TO 4;
Do J=1 TO 3;
DO I=1 TO 3;
SUM_R=SUM (LOG (RES)) 3
SUM_G=SUM(LOG (GRV (I,J,%*,L)));
SUM_RG=SUM(LOG {RES) *LOG (GRV (I,J, *,L)}))
SUMZ_R=SUM((LOG (RES)) **2) ;
DR=SUM_R*%*2-3%SUM2_R;
KRG=EXP ( (SUM_G¥*SUM_R—-3*SUM_RG) /DR) 3
PRG=(SUM_R*SUM_RG-SUN_G*SUM2_R) /DR;
SUM_NR=SUM(LOG (NBV {X,Jd,%,L))) ;
SUM_RN=SUM (LOG {RES) *LOG (NRV(L,Jd,*,L)))
KRN=EXP ((SUM_NR*SUM_R~3*SUM_RN) /DE);
PRN= (SUM_R*SUM_KN-SUM_NR*SUM2_R) /DR;
PUT SKIP(2) EDIT('TEMPERATURE','AGITATION','SUPERS ATU RKATIUN?Y)
(COL(6) ,A,X{9) ,A,X(12),4);
PUT SKIP{0) EDIT((11)'_',(9)'_'.(15)*_') (COL (o) +A,X(9) ,4,
X(12) ,A) ;
PUT SKIP EDIT (TEMP(L) ,AGIT {J),SUPSAT(I)) {COL{(7) JE(10,3),5(10),
E(10,3) ,X{15) ,E(10,3));
PUT SKIP{2) EDIT{'GROWTH CONSTANT*!, ' GROWTH ORDER',*NUC_CONSI1ANT?,
INUCLEATION ORDER?) (COL(4) ,A,X(2) ,A,X(5),A,X(5) ,A);
PUT SKIP{O) EDIT ((15)*_*, (12)* ', (12)' ', (16)'_") {COL(8),A,X(4),
A,X(5),4,X(5).4);
PUT SKIP EDIT (KRG,PRG,KRN, PRN) (COL(5),E(10,3) X{(7),E(10,3)},
X(8) ,E(10,3) ,X(8) ,E(10,3))3:
END LB6; '
/¥ TEMPERATURE,GROWTH AND NUCLEATION RATES */3
PUT PAGE EDIT ('TEMPERATURE, GROWTH AND NUCLEATION RELATION')
(COL (4),R); '
PUT SKIP{O) EDIT{((68)*_') (COL(4),A);

-e

-



LB7: DO K=1 TO 3; 89
DO J=1 TO 3;
DO I=1 TO 3;
SUH_T=SUM (LOG (TEMP)) ;
SUM_G=SUM{LOG(GRV{I,J,K,*)));
SUMN_TG= SUM (LOG (TEMP) *L.OG (GRV (I,J,K,%))) ;
 SOM2_T=SUM( (LOG (TEHP) ) *%2) ;
 DT=SUM_T**2-4*SUM2_T; .
KTG=EXDP ((SUN_G*SUM_T-4*SUM_TG) /DT) ;
PTG={SUM_T*SOUM_TG-SUM_G*SUM2_T) /DT;
SUM_NR=SUM (LOG (NRV (I,J,K,*))) ;
SUN_TN=SUM(LOG (TENP) *LOG (NRV (I,J,K,*)));
KT N=EXP ({SUM_NR#SUM_T~-U4*SUM_TN) /DT) ;
PTN= (SUM_T*SUM_TN-SUM_NR*SUM2_T) /DT; |
PUT SKIP{2) EDIT{'RESIDENCE TIME',®AGITATION','SUPERSATURATION’)
{COL {6) ,4,X (8) , A, X(12),A).

PUT SKIP{0) EDIT{(14)*_%,(9)*_*, (15)*_1*) (COL(6),A,X(8),A,X(12),4);
EUT SKIP EDIT(RES(K),AGIT(J) SUPSAT (1)) {(COL (7),E{10,3) ,X(12),
E{10,3).,X(12) ,E(10,3));

PUT SKIP(2) EDIT('GROWTH CGNSTANT!,'GROWTH ORDER',!NUC_CONSTANT',

9 NUCLEATION ORDER') (COL{4),A,X(2),A,X(5) ,A,X(5),4);

PUT SKIP(0) EDIT((15)* _*,(12)*_*,(12)*_*,(16) *_*) (COL(4),A, X(2),
A,X{S) ,A,X(5),R); '

PUT SKIP EDIT (KTG, PTG, KT, BTN) (COL (5) . E(10,3) ,X(7),E(10,3),X(8),

E(10,3),%X(8) sE(10,3));

END LB7'
RETURN;
END. PROJECT;
1 ,
1. ,
0 : ANALYSIS RESULTS
TEMPERATURE BESIDENCE.TIHE AGITATION RATE SUPERSATUBATION
* . o : : C . . : . : .
1, SO0E+01 1. J00E+02 2.466E+03 9.500E-01
POP. AT 0
1+.829E4+08
HEIGHT X SCREEN SiIZE AD E_QEEQLAILXE.EELQEZ
4.647E~01 1. 060E-01 5.673E+01 .
2.451E-01 1.500E-01 . 8.665E+01 .
3.320E-02 1.800E-01 9.070E+01
'3.950E-02 2.500E-01 9.552E401
3.670E-02 2. 970E-01 . 1.000E+02

CRYSTAL SIZE POPULATION DENSITY

CRYSTAL SIZE

POPULATION DENSITY

1« 030E~01

1. 133E-01

2.810E+07

2. 152E+07

1. 081E-01 .
1.184E-01

2.451E+ 07

1. 900E+07



1.235E-01

14337E-01.

1.438E-01
1.540E-01
1.641E-01

1.7482E-01

1.843E-01

1.944E-01

i 2« 145E-0 1

2.206E-01

2.44TE-01 .

2.548E-01

1. 686E+07
1. 445E+52
1.093E+07
8.675E+06
6.829E+06
5.458E+06
4.4303E+06
3.585E+406
2.950E+06
2.452E+06
2.057E+006
1.739E+06
1..481E+06

1.272E+06

1.286E~01

1.388E~-01% .

1.489E-01 .

1.590E-01

1.692E-01.
1.793E-01

1.894E~01

1.994E~-01

2.095E-01

2.296E-01 .
2.397B-01

2. 498E-01

2.598E-01

A

5.669E+51
9.971E+45
9.841E+06
7.6B1E+06
6.C94E+06
4L,S01E+06
3.967E+06
3.248E+06
2.687E+06
2. 243E+06
1.8B3E+06
1. 603E+06
1.370E+ 06

1..182E+06



2.648E-01 1« 100E+06 2.5698E-01 1-026E+06
2. TU3E~-0 1 9,575E+05 2.799E-01 . 8. 949E+05
2.849E-01 8. 375E405 1.000E+00 1-000E+00
TEﬁfBBQTUBE‘ RESIDENCE TIME  AGITATION RATE ggPERSggURATIEE
1. 500E+ 01 1. 700E+02 2.466E+03 8.230E-01 .
POP. AT O |
T« 308E¢08
HELGHT_X SCEEEN SIZE AD % _CUMULATIVE WEIGHT
6. T49E-01 1.060E-01 4.080E+01 .
7.894E-01 1.500E-01. 9.318BE+01
3.950E-02 1.800E-01 3.580E+01 .
4.730E-02 2.500E-01 9.894E+01 .
1. 600E~-02 2.970E~-01 1.000E+02
CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY
1.030E~-01 1. 899 E+07 1.081E-01 1.731E+07
1..133E-01 .1.678E*07 1. 184E-01 1. 565E+07
1.235E-01 1. 456 E+07 1.288E~-01 . 1. 353E+07
1.337E-01 1.256E+07 1.388E-01. 1..166E+07
1.438E~-01 1.083E+07 1. 489E~-01 9,.941E+06
1-540E~01 8.,736E+06 1.590E-07 7-711E+06
.1.6u1E—01 6.835E+06 1.692E-01 6 082E+ 006
1.742E-01 5.&31ﬁ*06 1.793E-01 4.865E+06
1.843E-01 4,363E+06 1. 894E-01 3,926E+06
1.944E~-01 3.5423006» 1.994E-01 3. 205E+06
2.045E~01 2.907E+06 2. 095E-01 2. 644E+ 06
2+ 145E-01 2.410E+06 2.196E-01 2. 201E+06
2. 2U6E~-01 2.015E+06 2,296E-01 . 1.B8B49E+06
2+.347E-01 1.699E+06 2.397E-01 1« 564E+06
2. 447E~01 1. 443E+06 2.498E-01 1.333E+06




J e

2.548E~-01 1.232E+08 2.598E-01 1. 141E+06
2. 648E-01 1.058E+ 06 2.698E~-01 9,827E+05
2.749E-01 9, 139E+05 2.799E-01 8. 511E+05
2.849E-01 7.935E+05 1.000E+00 1. 000 E+00
TEHFERATURE  BESIDENCE TIHE  AGITATION 5ATE  SUBERSATURATION
1..500E+01 1« T00E+02 2. 466E+03 7.000E-01 .
POP._AT. 0
8.528BE+07
gg;ggg;g SCREEN_SIZE AD  %_CUMULATIVE WEIGHT
3.619E~-01 1.0608-01 2.840E+01
5. U69E~-0 1 1.500E-01 . T7.131E+01 .
1. 418E~-01 1.800E-013 . Be 203E+01 .
1. 790E~-01 . 2.500E~ 01 9,648E+01 .
Q-QQDE'QZ 2.97OE-01“ 1. 000E#+02

CRYSTAL_SIZE POPULATION DENSITY CRYSTAL_SIZE POPULATION DENSITY

1.030E-01 1.383E407 1.081E-01 1.334E+07
1.133E-01 1. 27T1E+07 1. 184E-01 1.201E+07
1.235E-01 1.130E+07 1.286E-01. 1.059E+07
1.337E-01 9.901E+06 1.388E~01. 9.250E+ 06
1.438E-01 8.636E+06 1.489E-01 7..994E+06
1.540E-01 7. 174E+06 1.590E~01 6.462E+06
1.641E-01 5.841E+06 1.692E-01 5. 298E+06
1.742E-01 4.820E+06 1.793E-01 4.3B89E+06
1.843E-01 3.975E+06 1.894E-01 3.611E+06
1.944E-01 3. 289E+06 1.994E-01 3. 004E+ 06
2.045E-01 2.750E+06 2.095E-01 2. 524E+06
2.145E-01 2.321E+06 2. 196E-01 2.139E+ 06
2. 246E-01 1.975E+06 2.296E-01 1. 828E+06
2.347E-01 1.694E+06 2.397E-01. 1. 573E+06



93

2.447E- 01 1.463E+06 2. U98E~-01 1.361E+06
2. 548E-01 1.262E+0¢ 2.598E-C1 1. 171E+06
2.648E-01 1.089E+06 2.698E-01 1. 014E+06
2+.749E-01 9,.458E+05 2.79%9E~-01. 8*8313*05
2.849E~-01 8. 256 E+05 1..000E+00 1.000E+#00
TEN PERATURE RESIDENCE TI8E  IGITATION FATE  SUPEES AIUEATION
1. 5C00E+01 1+ 700E+ 02 1.926E+03 . 9.5C0E-01
POP. AT O |
1. 475E+08
¥ELGHT. X SCREEN SIZE AD % CUMULATIVE WEIGHT
2. 780E~-01 1. 060E~01 4,078E+01
3..393E-01 . 1« 500E-01 9.055E+01 .
2. 000E-02 1. 800E-01% . 9.349E+01 .
2. 960E-02 2 500E~01 9,783E+01 .
1. 480E-02 2.9?0E—01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY

—— - - e . - e o

CRYSTAL SIZE POPULATION_DENSITY

1.030E-01 2.050E+07 1.081E-01 1.922E+07
1.133E-01 1.791E+07 1. 184E-01 1. 664 E+07
1.235E-01 1.543E+07 1..286E-01 1.430E+07
1.337E-01 1.324E+07 1.388E-01 . 1..227E+07
1.438E-01 . 1..138E+07 1.489E-01 1. 044E+07
1.540E-01 9.177E+06 1.590E-01 . 8. 107E+06
1.641E-01 7.190E+06 1. 692E- 01 6.402E+06
1.742E-01 5.721E+06 1.793E-01 5..128E+06
1.843E-01 4.604E+06 1.894E-01 4. 14TE+06
1. 9U4E~01 3.745E+06 1.994E-01 3.392E+06
2.045E-01 3.080E+06 2.095E-01 " 2.803E+06
2. 14SE-01 2.557E+06 - 2.196E-01 2. 338E+06
2.2U6E-01 2.143E+06 1.967E+06

2.296E-01
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2.347E-01 1.810E+06 2. 397E-01 1.668E+06
2.447E-01 1.540E+06 2.498E-01 1. U24E+06
2.548E-01 1.318E+06 2.598E-01 1.222E+06
2.648E-01 1.135E+06 2.698E-01 1. 055E+06
2.749E-01 9.822E+05 2.799E-01 9.157E4 05
2.849E-01 8.549E+05 1.000E+00 1. 000 E+00

TEMEERATURE RESIDENCE TIME  AGITATION RATE SUPERSATURATION

TEN DEN SUPERSATD
1.500E+01 1.700E+02 1.926E¢03 8.230E~01
9.628E+07
WEIGHT X SCREEN SIZE AD %_CUMULATIVE WEIGHT
3.898E~01 1.060E-01 2.593E+01
8.605E~01 1. 500E- 01 8.318E+01
1.678E-01 1..800E~0 1 9.435E+01 .
8. 150E~-02 2.500E-01 9.977E+01
3.500E-03 2.970E-01 1.000E+02
CRYSTAL. SIZE PQOPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY
1.030E-01 1.243E+07 1.081E-01 . ' 1.2808+07
1.133E-01 1. 277E+07 1. 1B4E-01 " Y 1.249E+07
1.235E-01 1.206E+07 1.286E-01 1. 154E+07
1.337E-01 1.098E+07 1.388E-01 . 1. 04GE+07
1.438E-01 9.831E+06 1.489E-01 9. 171E+06
1.540E-01 8. 20 1E+06 1.590E-01 7.362E+06
1.641E-01 6.634E+06 1.692E-01 5. 998E+06
1.742E-01 . 5.44 1E+06 1.793E-01 4.935E+06
1.843E-01 4.435E+06 1.894E-01 3..997E+06
1.944E-01 3.613E+06 1.994E-01 3.274E+ 06
2.045E-01 2.975E+06 2.095E-01 . 2.710E+06
2.145E-01 2.474E#06 2.196E-01 2. 264E+06



)

2+ 246E-01 2.076E+06 2.296E~01 1. 908E+06
24347E-01 1.756E+ 06 2.397E-01 1. 620E+06
2.447E-01 1.497E406 2.498E-01 1. 384E+06
2.548E-01 1.278E+06 2.598E-01 1. 183E+06
2.648E-01 1.096E+06 2.698E-01 1.017E+06
2.749E-01 9.447E+05 2.799E-01 8. 789E+05
2.849E-01 8. 188 E+05 1.000E+00 1. 600E+00
iggézahwgg_ | ggsxnzncg TIME gg;g_gxon RATE ggpéaggruaawxoﬁ
1. 5C0E+01 1. 700E+02 1.926E+03 7.000E-01
POP, AT 0
2.249E+08
WELGHT X SCREEN_SIZE AD %_CUMULATIVE WEIGHT
3;53u3¥oo 1.060E-01 . 6.839E+01
- 54226E-01 1.500E-01 9. 169E+01
- 6+ 690E-02 1.800E-01 9.468E+01
 6..350E-02 2.500E~01 9.751E+01
5.590E-02 2.970E-01 . 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL_.SIZE POPULATION DENSITY

1.030E-01 3.578E+07 1.081E-01 3..059E+ 07
1.133E-01 2.636E+07 1. 184E-01. 2..289E+07
1.235E-01 2.000E+07 1. 286E-01 - 1.758E+07
1.337E-01 1.554E+07 1.388E-01 1. 38 1E+07
1.438E-01 1.232E+07 1.489E-01 1..099E+ 07
1.540E-01 9.669E+06 1.590E~-01 8. S41E+06
1.641E-01 7.576E406 1.692E-01 6. T46E+ 06
1.742E-01 6.029E+06 1.793E-01 5.402E+06
1.843E-01 4. 845E+06 1. 894E-01 4. 358E+ 06
1.944E-01 3.932E+06 1.994E-01  3.557E+06
2.045E-01 3. 226E+06 2.095E-01

2. 933E+06
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2. 145E-01 2.672E+06 2. 196E-01 2. 441E+0D06
2. 246E-01 2.234E+06 2.296E-01 . 2.043E+06
2.347E-01 1.883E+06 2.397E-01 1.733E+06
2.447E-01 1.599E+(06 2.498E-01 1. 477 E+06
v2.5“8E‘01. 1.368E+06 2.598E-01 . 1.268E+06
2.6U8E-01 1. 178E+06 2.698E-03 1. 096E+06
2+ 749E-01 1.020E406 2.799E-01 9,517E+05
2.849E~-01 8.888E+05 1.000E+00 1.000E;00
TEREEFATORE FESTDENCE TINE  BGITATION EATE  SUPERSATURATION
1. 500E+01 1« 700E+02 1. 260E+#03 9.500E-01
POP._AT O Q
1.807E§08
HELGHT. X SCREEN SIZE AD  %_CUMULATIVE WEIGHT
1, 365E-01 1.060E-01 . 6., 476E+01 .
1. 182E~-01% . 1. 500E-01 8.230B+01.
2,9903‘02 1.300E-01 8.666E+01
4, 830B-02 2+ 500E-01 9.383E+01 .
Be 160E-02 2.970E-01 1. 000E+02
CRYSTAL SIZE POPULATION DENSITY  CRYSTAL SIZE POPULATION DENSITY
1.030E-01 13.152B+07 1.081E-01 2.674E+07
1.133E-01 . 2. 288E+407 1. 1B4E-01 1.973E+ 07
1.235E-01 1.714E+07 1.286E-01. 1. 498E+07
1;337E°01. 1.316E+07 . 1.388E~-01 1. 163E+07
1..438E-01 1.0338+07 1.489E-01 . 9..187E+06
1.5403-03 8. 107E+06 1.590E-01 . 7.185E+006
1. 64 1E~-01 6.394E+06 1.692E-Q1 - 54 712E+06
1.742E-01 5. 121E+06 1.793E~-01 . 4,604E+ 06
1.843E-01 4,144E+06 1.894E-01 '3r742E’06
1.944%-01 3..388E+06 1.994E-01 3+ 076E+06
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CRYSTAL SIZE POPULATION DENSITY

2.045E-01 2.800E+06 2.095E-01. 2.555E+06
2. 145E-01 2.337E+06 2.196E-01 2..142E+06
2.2u6E~01 1.967E4+06 2.296E-01 1.810E+06
2+ 347E-01 1.669E+06 . 2.397E-01 . 1. 542E+06
2.447E-01 1.427E+06 2. 498E-01 1.323E+06
2.548E-01 1.231E+06 2.598E-01 1. 146E+06
2.648B-01 1.069E+06 2.698E-01 9.982E+05
2.749E-01 9.336E+05 2.799E-01 8.iuzz+os
2.849E-01 8. 197 E+05 1. 000E+00 1.000E+00
‘fEH?ERATURE g§§;ggnc3 Txgg" AGITATION RATE sbpzagawugAwléﬁ
1.500E+0C1 1.700E+02 1.260E+03 8.230E-01
POP, AT O
1. 490E+08
tEEiﬁﬁE;X— SCREEN SIZE AD % _CUMULATIVE WEIGHT
- 4. 266E-01 1.060E-01 4.350E+01.
4.713E-01 1.500E-01 9. 155E+01
3.200E-02 1.800E- 01 9.481E+01 .
3.670E-02 2.500E-01 9.855E401
1. 420E-02 2.970E-01 1.000E+02

- 1.,030E-01
1.133E-01
41+235E-01

1.337E-01

1.438E-01.

1«540E-01

1.641E-01

1.742E-01

1.843E~01

2,096E+07

1.793E+07 -

1. 524 E+07
1.295E+07
1. 105E407
8.896E+06
6.977E+06
5.557E+06
4.472E+06

1.081E-01
1. 184E-01
1..286E-01
1.388E-01
1.489E- 01
1.590E~01
1. 692E-01
1.?93E-01
1.894E-01

1< 941E+07
1. 653E+07
1.404E+07
1. 196E+407
1. 011E+07
7.862E+06
66,2168+ 06
4,983E+06

4.025E+06



1.944E~01

2.045E-01

2.145E~-01.

2.246E-01
2.347E-01
2.447E-01
2.548E-01
2.648E-01
2.749E-01

<22 849E-01

3.634E+06
2.985E+06
2. 4TTE+06
2.073E+06
1. 749 E+06
1.487E+06
1. 271E406
1.092E+06
9.442E+05

8.205E+05

1.994E-01
2.095E-01
2.196E-01
2.296E-01
2. 397E-01
2.498E-01
2.598E-01
2.698E-01
2.799E-01
1.000E+00

98
3.289E+06

2. 716E+06
2.263E+06
1. 902E+06
1.612E+06
1.374E+06
1. 178E+06
1. 015E+06
8.796E+05

1. COOE+00

TENEERATURE RESIDENCE TIME  AGITATION RATE SUPERSATURATION

1.500E+01 1. 700E+02 1.260E+03 7.000E-01
POP. AT O
8.383E+07
BEIGHT -X SCREEN SIZE_AD %. CUMOLATIVE HWEIGHT
3.619E-01 1.060E-01 2.826E+01
5.469E-01 1.500E-01 7.096E+01 .
- 1. 480E-01 . 1. 800E-0 1 8.252E+01
1. 790E-01 2.500E-01 9.649E+01 .
4. 490E-02 2.970E-01 1. 000E+02

CRYSTAL:SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 1.364E+07 1.081E-01 1. 316E+07
i;133E—01 1. 253E+07 1. 184E-01 1.185E+07
1.235E-01 1. T14E+07 - 1.286E-01 . 1. 044 E+07
1.337E-01 9.764E+06 1.388E-01 . 9.122E+06
1. 438E-01 8.516E+06 1.489E~-01 . 7.886E+06
1.540E-01 7.084E406 1« 590E-01 . 6.388E+06
1.641E-01 5S.780E+06 1.692E-01 5. 207E+06
1.742E-01 4.778E+06 1+793E-01 4,354E+ 06
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1.843E-01 3.943E+06 - 1.894E-01 3.581E+06
1.944E-01 3.262E+06 1.994E-01. 2.979E+06
2.045E-01 2.727E+06 2.095E-01 2.502E+06
2.145E-01 2.301E+06 2.196E-01 2. 121E+06
2.246E-01 . 1.958E+06 2. 296E-01 1.812E+06
2.347E-01 1.679E+06 . 2.397E-01 1. 559E+06
2.447E-01 1. 450 £406 2.498E-01 . 1.349E+06
2.548E-01 1.251E406 2.598E-01. 1. 16 1E+06
2.648E-01 1.080 E+06 2.698E-01 . 1.005E+06
2.749E-01 ' 9.373E+05 2.799E-01 8. 752E+05
2.849E-01 8. 18 2E+05 1.000E+00 1. 000E+00
TEHPERATURE RESIDENCE Tlmg- AGITATIQON RATE éup@QSAiusATIgy
1. 500E+ 01 2.350E+02 2.466E+03 9.500E-01
BQOP. AT 0
1.186E+08
- WEIGHT_ X SCREEN SIZE AD = %_CUMULATIVE WEIGHT
4.684E-01. 1. 060E~- 01 4.668E+01 |
2.472E-01 . 1.500E-01. 7.131E+01 .
'9.030E-02 1.800E-01 8.037E+01 .
1. 549E-01. 2.500E-01 . 9.580E+01
4. 210E-02 2.970E-01. 1.000E+02
CRYSTAL SIZE POPULATION DENSITY CRYSTAL_SIZE POPULATION DENSITY
1..030E-01 2.269E+07 1.081E-01 . 1. 979E+07
1.133E-01 1.738E+07 . 1.184E-01 1..534E407
1.235E-01 1.362E+07 1.286E-01 1.214E+07
1.337E-01 1.088E+07 1.388E-01. 9.78 1E+06
1.438E-01 . 8.829E+06 1.489E-01 7. 96 9E+ 06
1.540E-01 7.118E+06 1.590E-01 . 6.383E+06
1.641E-01 5.745E+06 1.692E-01 5. 189E+06



1. 742E-01

100

4.703E+06 1.793E-01 4.270E+06
1.843E-01 3.874E+06 1.894E-01 3. 524E+06
1.944E-01 3. 215E+06 1.994E-01 2. 940E+06
2.045E-01 2.695E+06 2.095E-01 2.477E+06
2.145E-01 2.281E+06 2. 196E-01 2.105E+06
2.246E-01 1.946E+06 2.296E-01 1.803E+06
2.347E-01 1.673E+06 2.397E-01 1. 555E+06
2.447E-01 1.448E+06 2.498E-01. 1..349E406
2.548E~01 1.251E406 2.598E-01 1. 163E+06
2.648E-01 . 1.082E+06 2.698E-01 1..008E+06
2.749E-01 9.408E+05 2.799E-01 8. 790E+05
2.849E-01 8.224E+05 1.000E+00 1.000E+00
 TEﬂfE£AIUBE BRESIDENCE TIME  AGITATION RATIE SUPERSAIEBATION
1.500E+01 2. 350E+02 2.466E+03 8.230E-01
POR. AT 0 ;
1.923E+08 -
. WEIGHT X SCREEN SIZE_AD % _CUMULATIVE WEIGHT
2.290E-01 1.060E-01 6.174E+01
1..060E-01 1.500E- 01 . 9.032E+01 .
1. 450E-02 1.800E-01 9.423E+01
1. 570E- 02 2.500E-01 9.846E+01 .
5.700E-03 2.970E-01 1. 000E+02

CRYSTAL SIZE POPULATION DENSITY

———— S T S P i SO A e e S S i - s S o s e e . S A

1.030E-01 3.048E+Q7 1.081E-01 2+ 641E+Q7
1. 133E-01 2. 304E+07 1. 184E~ 01 2.023E+07
1.235E-01 1.786E+07 1.286E-01 . 1. 585E+07
1.337E-01 1L.4T14E+07 1-3883—01 1+266E+07
1.438E-01 1.139E+07 1.489E-01 1. 022E+07
1.540E-01 1.590E-01. 7.971E+06

9,008E+06
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1.000E+02

1.641E-01 7.083E+06 1.692E-01 6. 317E+06
1.742E-01 5.655E+06 1.793E-01 5..076E+06
1.843E-01 4.557E+06 1.894E-01 4. 103E+06
1.944E-01 3.706E+06 1.994E-01 3..356E+06
2.045E=-01 3. 046E+06 2.095E-01 2..773E+06
2.145E-01 2.529E+06 2.196E-01 2. 313E+06
2.246E-01 2. 119E+06 2.296E-01 1. 945E+06
2.347E-01 1.789E+06 2.397E-01. 1. 649 E+06
2.447E-01 1.522E+06 2.498E-01 1.407E+06
2.548E~01 1.302E+06 2.598E~01 1..206E+06
2.648E-01 1..119E+06 2.698E-01 1. D4 0E+06
2.749E-01 9.672E+05 2.799E-01 . 9.012E+05
. 2.849E-01 8. 4O TE+05 1. 000E+00 1. 000E+00
“TENPEEATURE  HESIDENCE TiME  AGITATION FAIE  SUPERS ATURAIION
1.500E+01 2.350E+02  2.466E+03 7.000E=-01
 BOP. _AT_0
8.651E+07
WELGHT X SCREEN_SIZE AD % _CUMULATIVE_WEIGHT
1.793E-01 1.060E-01  2.129E+01.
.‘a,4003-01' 1.500E-01 7.354E+01
1..778E-01 1. 800E-01 . 9. U66E+01 .
3.610E-02 2.500E-01 9.894E+01 .
8. 90CE-03 2.970E-01 .

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

‘1. 030E-01 1. 170E407 1.081E~ 01 1.232E+07
1« 133E~01 1.246E+07 1.184E-01 . 1. 232E+07
1+235E-01 1. 198E+07 1.286E-01 . 1. 153E+07
1.337E-01 1. 103E+07 1.38éE~O1" 1. 04SE+07
1. 438E-01 9.941E+06 1.489E-01 . 9.341E+06
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1. 540E-01 8.558E+06 1.590E-01 7.859E+06
1.641E-01 7.234E+06 1.692E-01 6.673E+06
1.742E-01. 6. 168E+06 1.793E-01. 5.674E+06
1.843E-01 5.094E+06 1.894E-01 4.588E+06
1.944E-01 4. 143E+06 1.994E-01 3.752E+06
2.CH5E-01 3.406E+06 2.095E~01 3. 100E+06
2.145E-01 2.828E+06 2.196E-01 . 2. 586E+06
24 246E-01 2.369E+06 2.296E-01 2. 175E+06
2.347E-01 2.001E+06 2.397E-01 1. 844E+06
2.447E-01 1.702E+06 2.498E-01 1..574E+06
2.548E-01 1. 455E+06 2.598E-01 1. 347E4+06
2.648E-01 1.249E+06 2.698E-01 . 1. 160E+06
2.749E-01 1.079E+06 2.799E-01 1.005E+ 06
2.849E-01 9.367E+05 1.000E+00 1..000E+00

TEMPERAfUBE EESIDENCE‘TiHEI ggiggi;gg_gggg SUPER SATURATION
1.500E+01 2. 350E+02 1.926E+03 9.500E-01
POP. AT O
1.390E+08

* HEIGHT X SCREEN SIZE_AD %_CUMULATIVE WEIGHT
S« 350E~01. 1.060E-01 3.889E+01
6.580E-01 1. S00E- 01 8.673E+01 .
6.960E-02 1.800E-01 9. 179E+01

. 5.050E-02 2.500E-01 9.546E+01
6.250E-02 2.970E-01 1.000E+02

CRYSTAL_ SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 1.969E+07 1.081E-01 1.848E+(7
1.133E-01 1.7235;07 1. 184E-01 1.602E+ 07
1.235E-01 1.486E+07 1.286E-01 1. 378E+07
14337E-01 . 1, 277E+07 1..388E-01. 1. 183E+07
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1.438E-01 1.097E+07 1. 489E-01 1.007E+07
1.540E-01 8. 89BE+06 1.590E-01 . 7.893E+06
1.641E-01 7.030E+06 1.692E-01 6. 285E+06
1.742E-01 5.639E+06 1.793E-01 5.070E+06
1.843E-01 4.550E+06 1..894E-01 4. 096E+ 06
1.944E~-01 3.698E+06 1.994E-01 3. 34TE+06
2.045E-01 3.038E+06 2.095E-01 2. 764E+06
2. 145E-01 2.521E+06 2.196E~-01 . 2. 304E+06
2.2U46E-01 2. 110E+06 2.296E~01 . 1.937E+06
2.347E-01 1.781E+06 2.397E-01. 1. 64 1E+06
2.447E-01 1.514E+06 2.498E-01 1. 400E+06
2.548E-01 1.300E+06 2.598E-01 1. 208 E+06
2.648E-01 1. 125E+06 2.698E-01 . 1.048E+06
2.749E-01 9.786E+05 2.799E-C1 9. 148E+05
2.849E-01 8.56 2E+05 1.000E+00 1.000E+00
'ggggggggggg RESIDENCE. TINE Ag;zgg;gg_ggig sdéggsawugarx@ﬁ-
1..500E+ 01 2.350E+02 1.926E+03 8.2363-01
POP. AT 0
1.088E+08
WEI GHT X SCREEN SIZE_AD % CUMULATIVE WEIGHT
1. 820E- 01 1. 060E-01 . 2.693E+01 .
. 4. J04E-01 1. 500 E~01 8. 766E+01
4. 900E-02 1.800E-01 9.491E+01
2.B800E-02 2.500E-01 9.905E+01
6. 400E~-03 2.970E- 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 1.337E+07 1. 081E-01 " 1.382E+07
1.133E-01 1.383E+07 1.184B-01 1. 355E+07
1.235E-01 1.311E+07 1.286E-01 . 1.256E+07



1. 337E-01
1. 438E-01
1.540E-01
1.641E-01
1.742E-01
1.843E-01
1.944E-01
2.045E-01

2. 145E-01
2.246E-01
2.347E-01
2.447E-01
2.548E-01
2.648E-01
2.749E-01

2«849E-01

1.196E+07
1.072E+07
8.860E+06
7.054E+06
5.701E+06
4.614E+06
3.752E+06

3.08B4E+06

2.560§t06,

2. 144E+06
1.810E+06
1.540E+06
1.316E+06
1..129E+06
9.752E+05

8.465E+05

1..388E-01

1. 489E-01.

1.590E-01

12692E-01 .
1.793E-01.

1.994E-01

2.095E-01

2. 196E-01
2.296E-01
2.397E-01
2.498E-01 .
2.598E-01
2.698E-01
2.799E-01

1.000E+00

104
1..134E+07

9.991E+06
7..890E+06
6+ 330E+06
5. 140E+ 06
4. 155E+06
3.397E+06
2.807E+06
2.340E+06
1.968E+06
1. 668E#06

1. 423E+Cb

" 1.218E+06

1. 049 E+06
9.080E+05

1.000E+00

TEMPERATUEE RESIDENCE TINE

1. 500E+01 2. 350E+02 1.926E+03 7.000E-01
' POP. AT 0
1.475E+08
. WEIGHT X SCREEN SIZE.AD % _CUMULATIVE WEIGHT

3. 269E-01 1.060E-01 3.843E+01 .

4. SS4E-01 1.500E-01 9.196E+01

3. Y40E-02 1.800E-01 9.600E+01 .

2.300E-02 2.500E-01. 9.871E+01

1. 100E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

. e i e i - i St . SO0, o S

1.030E-01 1. 969E+07 1.081E~-01 1. 818E+07

1.133E-01 1.773E407 . 1.184E~01 1.665E+07
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. CRYSTAL SIZE

POPULATION_ DENSITY -

1.030E-01

3.053E407

CRYSTAL _SIZE

1. 081E-01

1. 235E-01 1.557E+07 1. 286E-01 1..453E+07
14337E~-01 1.354E+07 1.388E-01 1. 26 1E+07
1.438E-01 1. 174E+07 1.4898-01. 1.081E+07
1.540E-01 9.522E+06 1.590E-01 8. 427E+06
1. 641E-01 i'QSBEfOG 1.692E-01 6.680E+06
1.742E-01 5.980E+06 1.793E-01 5. 367E+06
1.843E~-01 4,812E+06 1. 894E~-01 4.328ﬁ006
1.944E-01 3.904E+06 1.994E-01 . 3. 531E+06
2.045E-01 . 3.202E+06 2.095E-01. 2.911E+ 06
2;1“53-01 2.653E+06 2.1962*91\ 2. 422E+06
2.248E-01 2.217E+06 2.296E-01 2.033E+06
2.347E-01 1.B68E+06 2.397E-01 1.719E+06
2.447E-01 . 1.586E+06 24 498E-01 1. 464E+06
2.548BE-01 1. 354E+06 2.598E-01. 1. 254E+06
2.648E-01 1. 163E406 2.698E-01 1.081E+06
2.749E-01 1.005E+06 2.799E-01 . 9.362E+(C5
2.849E-01 B.732E+05 1. 000E+00 1..000E+ 00
TENEERATUEE RESIDENCE TINE ~ AGITAZION EATE  SUEERS ATURALI
1. 5SC00E+ 01 2.350E+02 1.260E+03 9.500E~-01
POP. AT 0 -
2.014E+08
HEIGHT X - SCREEN SIZE AD % _CUMULATIVE WEIGHT
6.9C3E-01 1.060E-01. 6. 154E+01
3.600E°0i 1.500E-01 . 9. 399E+01
2.700E-02 1.800E-01 9,640E+01
2. 660E-02 2.500E-01 9.877E+01 .
-1+ 380E-02 2.970E-01 1.000E+02



106

CRYSTAL  SIZE POPULATION DENSITY

CRYSTAL SIZE

1.133E-01 2.338E+07 1. 1B4E-01 2..065E+07
-1.235E-01 1.832E+07 1.286E-01 1. 634E+07
1.337E-01 1.463E+07 1.388E-01 1.316E+07
1. 438E-01 1.188E+07 1.489E~01 . 1.069E+07
1.5408-01 9.387E+06 1.590E-01 8.283E+06
1.641E-01 7.3398+06 1.692E-01 6.527E+06
1.742E-01 5.827E+06 1.7933-51 5. 216E+06
1.843E-01 4.676E+06 1.894E-01 4.205E+06
1.944E-01 3.792E+06 1.994E-01 3.429E+06
2.045E-01 3.109E+06 2.095E-01 . 2.825E+06
2.145E-01 2.57T4E+06 2.196E-01 2.350E+06
2.246E-01 2.150E+06 2.296E-01 . 1.971E+06
2.347E-01 1.811E+06 2.397E-01 . 1.666E+06
2.447E-01 1.536E+06 2.498E-01 1. 419E+06
2.548E-01. 1.312E+06 2.598E-01 . 1.215E+06
2.648E-01 1.127E+06 2.698E-01. 1.046E+06
2.749E-01 9.733E+05 2.799E-01 9.066E+05
2.849E-01 8.454E+05 1.000E+00 1. 000E+00
TEmpEBATuﬁg- RESIDENCE TINF  BGITATION EATE supngsazugAT;og
1.500E+01. 2.350E402 1.260E+03 © 8.230E-01.
POP._ AT 0
1.658E+08
REIGHT X SCREEN SIZE_AD  %_CUMULATIVE WEIGHT
44 203E-01 1.060E-0 1 4.648E+01
4.064E-01 1. S00E-01 . 9.143E+01
4.810E-02 1.800E-01 9.675E+01
2. 260E-02 2.500E-01 . 9.918E+01
7.400E-03 2.970E-01 1. 000E+02

POPULATION DENSITY
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1. 030E-01 2.381E+07 1.081E-01 2. 175E+07
1.133E-01 1.986E+07 1. 184E-01 1.814E+07
1.235E-01 1.659E+ 07 1.286E-01 . 1..519E+07
1.337E-01 1.393E+07 1.388E-01 1.279E+07
1.438E-01 1.177E407 1.489E-01 1. 074E+07
1.540E-01 9. 488 E+06 1. 590E-01 8.416E+06
1.641E-01 7. 496E+06 1.692E-01 6. T01E+06

" 1.742E-01 6.013E406 1.793E-01 . 5. 4O5E+06
1.843E-01 4.845E+06 1.894E-01 4.357E+06
1.944E-01 3.929E+06 1.994E-01 3. 553E+06
2.045E~01 3.222E406 2.095E-01 2.928E+06
2. 145E-01 2.667E+06 2.196E-01 . 2. 435E+06
2..246E-01 2.228E+06 2.296E-01 2.043E+06
2.3487E-01 1.877E+06 2.397E-01. 1.727E+06
2.447E-01 1.592E+06 2.498E-01 1..470E+06
2.548E-01 1..359E+06 2.598E-01 1..258E+ 06
2.648E-01 1.166E+06 2.698E-01 . 1.083E+06
2.749E-01 1.007E+06 2.799E-01 - 9.372E+05
2.849E-01 8.736E+05 1.000E+00 1..000E+00

IEMPERATURE RESIDENCE TIHE AQ!EAZlQE;BAZE UPERSATURATION
.500E+01 2.350E+02 1.260E+03 7.000E-01

BOP. AT 0
1. 251E+408

HEIGHT X SCREEN SIZE AD  %_CUMULATIVE WEIGHT

1.858E-01 1.060E=-01 4.233E401

. 1. 548E- 01 1. S00E- 01 7.760E+01

3. 190E-02 1..800E-01 8-487E+01_

5. 4S0E-02 2.500E-01 . 9.738E+01 .

1. 150E-02 2.970E-01 1. 000E+02



CRYSTAL SIZE POPULATION DENSITY
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CRYSTAL_SIZE POPULATION DENSITY

 1.030E-01 2. 1258407 1.081E-01 . 1.915E+07
1.133E-01 1.728E+07 1.184E-01 1. 564E+07
1.235E-01 1.418E+07 1.286E-01 1. 289E+07
1.337E-01 1.175E+07 1.388E-01 1. 073E+07
- 1.438E-01 9.822E+06 1. 489E- 01 8. 947E+06
1.540E-01 7.948E+06 1.590E-01 7. 090E+06
. 1.641E-01 6.349E+0¢ 1.692E-01 . 5.707E+06
1. 742E-01 5.148E+06 1.793E-01 4.655E+06
1.843E-01 4.209E+06 1.894E-01. 3.817E+06
1.944E-01 3.472E+06 1.994E-01 3. 166E+06
© 2.045E-01 2.894E+06 2.095E-01 2..652E+ 06
2. 145E=01 2.435E406 2.196E-01 2. 241E+06
2.246E-01 2.067E+06 2.296E-01 1. 910E+ 06
2.347E-01 1.768E+06 2.397E-01 1. 640E+06
 2.447E-01 1.523E+06 2.498E-01 1. 415E+06
. 2.548E-01 1.311E+06 2.598E-01 1.216E+06
2.648E-01 1. 129E+06 2.698E-01 1.051E+06
2.749E-01 9.786E+05 2.799E-01 9. 128E+05
2.849E-01 8.525E+05 1.000E+00 1..000E+00
T gggg' RESIbEyCE TINHE  AGLTATION BATE ' SUPERS ATUBATION
1. 500E+ 01 3.800E+02 2.466E+03 9.500E-01
POP. AT 0 |
1.443E+08
Ig T_X SCREEN SIZE_AD % CUMULATIVE WEIGHT.
3.5378-01 1.060E-01 4.881E+01
2. 463E-01 1.500E~0 1 8. 279E+01 .
4 320E-02 1.800E-01 8.875E+01.
6..040E=02 2.500E-01 9.709E+01 .



2. 110E- 02 2.970E-01 1.000E+02 109

CRYSTAL_SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION_DENSITY

9.652E+01

1.030E-01 2.358E+07 1.08 1E~01 2.094E+07
1.133E-01 1.868E+07 1.184E-01 . 1.672E+07
1.235E-01 1.503E+07 1.286E-01 1.355E407
1.337E-01 1. 226 E+07 1. 388E-01 1. 113E+07
1.438E-01 1.013E+07 1.489E-01 9. 180E+06
1.500E-01 8.126E+06 1.590E~-01 7.224E+06
1.641E-01 6<448E+06 1.692E-01 . 5.777E+06
1.742E-01 5. 194E+06 1.793E-01. 4.681E+06
1.843E-01 4.217E+06 1.894E-01 3. 811E+06
1.944E-01 3. 453E+06 1.994E-01 3. 138E+06
2.045E-01 2.858E+06 2.095E-01 2.6 10E+06
2.145E=01 2.389E+06 . 2. 196E-01 . 2.191E+06
2.246E-01 2.014E+06 2.296E-01 . 1..855E+06
 2.347E-01 1.712E406 2.397E-01 1.582E+06
2.447E-01 1.465E+06 2.498E-01 1..358E+06
2.548E-01 1. 258 E+06 2.598E-01 1.167E+06
. 2.648E-01 1. 085E+ 06 2.698E-01 . 1..009E+06
2.749E-01 9.406E+05 2.799E-01 . 8. 777E+05
2.849E-01 8.200E+05 1.000E+00 1..000E+00
TﬁMfBBaTﬁEE‘ gﬁéxﬁﬁﬁcz szé AGITgiigg_ggzg ‘suysgggmuaamxon
1..500E+01 3.800E+02 2.466E+03 8.230E-01
POP._AT 0
1.078E+08
WEIGHT. X SCREEN SIZE_AD % CUMULATIVE WEIGHT
1.540E-01 1.060E-0 1 2.383E4+01
4. 264E-01 1. 500E~01 8.982E+01
4. 330E-02 1.800E-01



1. 280E-02

9. 760E-03

CRYSTAL SIZE

P A . AL s At . S et e

2.5C0E-01

2.970E- 01

POPULATION DENSITY

9.850E+ 01

1.000E+02

e S . S P s
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CBRYSTAL .SIZE POPULATION DENSITY

1.030E~01 1. 209E+07 1.081E-01 ' 1.309E+07
1.133E-01 1.348E+07 1.184E-01 1..347E+07
1.235E-01 1..322E407 1..286E-01 1.281E+07
1.337E-01 1.231E+07 1.388E-01 1..176E+07
1.438E-01 1.119E+07 1.489E-01 1..046E+ 07
1.540E-01 9.264E+06 1.590E-01 8..239E+06
1.641E-01 7.357E+06 1.692E- 01 6.594E+ 06
"1.742E-01 5.931E+06 1.793E-01 5. 342E+06
1.843E-01 4.787E+06 1.894E-01 4.303E+06
1.944E~01 3.880E+06 1.994E-01 3.507E+06
2.045E-01 3. 179E+06 2.095E-01 2.888E#+06
2. 145E-01 2.630E+06 2.196E-01 . 2. 401E+06
2.246E~01. 2. 196 E+06 2.296E~-01 2.013E4+06
2.347E-01 1.848E+06 2.397E-01 1..700E+06
2.447E-01 1.56TE+06 2. 498E-01 1. 447+ 06
2.548E-01 1.338E+06 2.598E-01 1. 240E+06
2.648E-01 1..150E+06 2.698E-01 1.069E+06
2.749E-01 9.943E+05 2.799E-01 9.263E+05
2.849E-01 8.641E405 1. 000E+00 1. 000E+00
TENPFEATURE RESIDEACE TIHE ~ AGITATION EATE  SUPERSATUBALION
1. S00E+01 3.800E+02 2.466E+03 7.000E-01
1. B62E+08
HWEIGHT X SCREEN SIZE AD % _CUMULATIVE WEIGHT
6. 483E-01 1.060B-01. 4.:156E+01 .
7.694E-01 1.500E-01 9.088E+0 1



3.520E-02
4. 620B-02

6. 080E-02

1.800E-01

2.970E-01

9. 3T4E+ 01
.9.610E+01

1. 000E+02

11

CRYSTAL.SIZE POPULATION DENSITY CRYSTAL SIZE POPULATIQON DENSITY

1.030E-01 2.018E+07 1.081E-01 1.885E+07
1.133E-01 1.752E+407 . 1. 184E-01 . 1.625E+07
1.235E-01 1.504E+07 1.286E-01 . 1..391E+07
1.337E-01 1. 28 7E+07 1.388E-01 1.191E+07
1.438E-01 1.103E+07 1.489E-01 1. 0 11E+07
1.540E-01 8.882E+06 1.590E-01. 7.836E+06
1.641E-01 6.942E+06 1.692E-01 .  6..173E+06
1.742E-01 5.510E+06 1.793E-01 . 4.933E+06
1.843E-01 4.425E+06 1.894E-01 . 3. 98 1E+06
1.984E~01 3.592E+06 1.994E-01 . 3.249E+ 06
2.045E-01 2.947E+06 2.095E-01 2. 680E+06
2.145E-01 2.843E4+06 2.196E-01 2.231E+06
2.206E-01 2.042E+06 2.296E-01 . 1.873E+06
2.347E-01 1.722E+06 2.397E-01 1.585E+06
2.447E-01 1.462E+06 2.498E-01 1. 352E+06
2.548E-01 . 1. 253E+06 2.598E-01 1. 164E+06
2.648E-01 1.083E+06 2.698E~-01. 1. 009 E+06
2.T49E-01 9.412E+05 2.799E-01 8. 791E+05
2.849E-01 8.222E+05 1.000E+00 1. 000E+00
TENEEFATURE  EESIDENCE TINE  AGITATION BATE ~ SUPEASATURATION
1.500E+01 3.800E+02 1.926E+03 9.500E-01 .
POP. AT 0
1. 259E+08
HEIGHT X SCREEN SIZE_AD % CUMULATIVE WEIGHT

2.094E-01 1.060E-01 . 4.826E+01



9.050E-02 1.500E-01 6.912E+01 112
3. 600E-02 1.800E-01 7.741E+01 .

5. 470E-02 2.500E-01 “-9.002E4+01

4. 330E- 02 2.970E-01 "1.000E+02

CRYSTAL . SIZE POPULATION DENSITY

CRYSTAL .SIZE  POPULATION DENSITY

1.030E-01" 2.434E+07 1.081E-01 2.102E+07
1.133E-01 1.828E+07 1.184E-01 1..60 1E+07
1.235E-01 . 1.4 10E407 1.286E-01 1.249E+07
1.337E-01 ©1.111E+07 1.388E~-01 9.933E+06
1.438E-01 . 8.918E+06 1.489E-01 8. 014E+ 06
1.540E-01 7. 150E+06 1.590E-01 6. 4OSE+06
1.641E-01 5.759E+06 1.692E-01 5.197E+06
1. 742E-01 4.705E+06 1.793E-01 4. 267E+06
1.8438-01 3.863E406 . 1.894E-01 3.507E+06
1.944E-01 3.193E+06 1.994E-01 2.915E406
2.045E-01 2.667E+06 2.095E-01 2. 446E+06
2. 145E-01 2.249E+06 2.196E-01 2.072E+06
2.246E-01 1.912E+06 2.296E-01 1.768E+06
2.347E-01 1.639E+06 2.397E-01. 1. 521E+06
2.447E-01 1.4 14E+06 2.498E-01 1.317E+06
2.548E-01 1.231E+0%6 2.598E-01 1. 151E+06
2.648E-01 1.079E+06 2.698E-01 1. 012E+06
2.749E-01 9.506E+05 2.799E-01. 8.941E+05
2.849E-01 8.419E+05 1.000E+00 1. 000E+00
*zgggggggggg-' RESIDENCE TINE  AGITATION RATE ~SUPERS ATURATION
- 1. 5C0E+01 3.800E+02 ' 1.926E+03 8.230E-01 .
| POP. AT 0
9.349E+07

WEIGHT X % CUMULATIVE_ WEIGHT

P




3.494E-01 1. 060E-01 2.463E+01
7.317E-01 1. 500E-01 7.620E+#01
2.677E-01 1.800E-01 9.507E+01
5.960E-02 2.500E-01 9.927E+01
1..030E-02 2.970E- 01 1.000E+02

113

CRYSTAL _SIZE POPULATION DENSITY

" CRYSTAL SIZE POPULATION. DENSITY

1.030E-01 1,295E4+07 1.081E-01 . 1.319E+07

1. 133E-01 1.307E+07 . 1.184E-01 1. 272E+07

 1.235E-01 1.223E407 1.286E-01 . 1.167E+07
1.337E-01 1.108E+07 1.388E-01 1.048E+07
1.438E-01 9.887E+06 1. 4898-01 9.247E+ 06
1.540E-01 8.420E+06 1.590E-01 7. 689E+06
1.641E-01 7.040E+06 1.692E-01 6. 463E+ 06
1.742E-01 5.947E+06 1.793E-01 5.452E+06

 1.843E-01 4.895E+06 1.894E-01 4.407E+06
1.944E-01 3.980E+06 1.994E-01 3. 604E+06
2.045E-01 3.272E+06 2.095E-01 2.976E+ 06
2. 145E-01 2.716E+06 2.196E-01 2. 483E+06
2.246E-01 2.275E+06 . 2.296E~01 2. 089E+ 06
2.347E-01 1.921E+06 2.397E-01 1..770E+06
2.447E-01 1.634E406 2.498E-01 1.510E+06
2.548E-01 1.396E+06 2.598E-01 . 1. 292E+06
2.648E-01 1.198E+06 2.698E-01 1..112E+06
2.749E-01 1.034E+06 2.799E-01 9, 622E+05
2.849E-01 8.968E+05 1.000E+00 1. 000E+00

‘TEﬁfERQTURE "gg§;g§ﬁcz T;ﬁg ggggngoﬁ_gggg suéﬁaggwuaawlog
1. 500E+ 01 3.800E+02 1.926E+03 . 7.000E-01
POP, AT O |

1. 209E+08
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WEIGHT X SCREEN SIZE AD % _CUMULATIVE HEIGHT
5.085E-01 1. 060E-01 3.014E+01
9.436E-01 1.500E~-01 8.607E+01
1. 910E-01 1.800E-01 9.739E¢01
3.880E-02 2.500E-01 9.969E+01 .
5. 200E-03 2.970E- 01 1.000E+02
CRYSTAL_SIZE POPULATION DENSITY  CRYSTAL_.SIZE POPULATION DENSITY
1.030E-01 1.583E407 1.081E~01 1.578E+ 07
1.133E-01 1.539E+07 1. 184E-01 . 1. 481E407
1.235E-01 1. 413E+07 1.286E-01 . 1.339E+07
1.337E-01 1.264E+07 1.388E-01 1. 190E+07
1.438E-01 1. 119E+07 1. 489E-01 1. 039E+07
1.540E-01 9.291E+06 1.590E-01 8.337E+06
1.641E-01 7.510 E+06 1.692E-01 6. 788E+ 06
1.742E-01 $.155E+06 1.793E-01 . 5.578E+06
1.843E-01 5.000E+06 1.894E-01 4. 496E+ 06
1.944E-01 4.0S4E+ 06 1.994E-01 3. 666E+06
2.045E-01 3.323E+06 2.095E-01 3. 020E+06
2.145E-01 2.751E+06 2.196E-01 2.511E+06
2.246E-01 2.298E+06 2.296E-01 . 2. 106E+ 06
2.347E-01 1.935E+06 2.397E-01 1. 780E+06
2.447E-01 1.641E406 2.498E-01 1.515E+06
2.548E-01 1.400E+06 2.598E-01 1..295E+06
2.648E-01 1. 200 E+06 2.698E-01 1.113E+06
2.749E-01 1.035E+06 2.799E-01 . 9. 626E+05
2.849E-01 8.968E+05 1..000E+00 1..000E+00
TEﬁpgagéukz RESIDENCE TIME AGITATION RATE SUPERS ATURATION

1. S00E+01 3.800E+02 1.260E+03 9.500E-01 .

POP. _AT 0
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CRYSTAL SIZE

POPULATION_ DENSITY

1.969E+08
WEIGHT X 'SCREEN_SIZE_AD % CUMULATIVE WEIGHT -
5, 864E-01 1. 060E-01 5.874E+01
3.510E-01 1.500E~01 9.390R+01
3. 7C0E~02 1. 800E- 01 95.761E+01 .
7.700E-03 2.500E-01 9.838E+01
- 1..620E-02 2.970E-01 1.000B+02

1.030E-01 2.930E+07 1.081E-01 2.576E+ 07
1.133E-01 2.277E+07 1.184E-01 2. 022E+07
1.235E-01 1.804E+07 1.286E-01 1.617E+07
1.337E-01 1.455E+07 1.388E~01 1. 313E+07
1.438E-01 1.190E+07 1. 489E- 01 1. 074E+ 07
1.540E-01 9.455E+06 1.590E-01 8.361E+06
1.641E-01 7.425E+06 1.692E-01 6.619E+06
1. 742E-01 5.921E+06 1.793E-01 . 5.309 E+06
1.843E-01 4.754E+06 1.894E-01 4.269E+06
1.944E-01 3.846E+06 1.994E-01 3. 473E+06
2.045E-01 3. J145E+06 2.095E-01 2.855E+06
2. 145E-01 2.598E+06 2.196E-01 2.369E+06
2.246E-01 2. 165E+06 2.296E-01 . 1.983E+06 .
2.347E-01 1.819E+06 2.397E-01 1..672E+06
2.447E-01 1.540E+06 2.498E-01 1.421E+06
2.548E-01 1.314E+06 2.598E-01 1..218E+06
2.648E-01 1..130E+06 2.698E-01 1.050E+06
2.749E-01 9.769E+05 2.799E-01 9. 102E+05
2.849E-01 8. 492E+05 1.000E+00 1.000E+00
 §§§2§§3§_§; RESIDENCE TIHE AGITAIiOﬂ_gAgE SUPERS ATURATION

1. SCOE+ 01 3.800E+02 1.260E+03 8.230E-01.
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POP. AT 0
3.2U4E+07
 WEIGHT. X SCREEN SIZE_AD % CUMULATIVE WEIGHT
1.720E-01 1. 060E-01 1.236E+01 .
4..736E-01 1.500E-01 4.639E+01
4. 152E-01 1.800E-01 7.623E+01
3.192E-01 2.500E-01 9.917E+01
1..160E-02 2.970E- 01 1.000E+02

CRYSTAL_SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 6. 228E406 1.081E-01 6.730E+06
1.133E-01 6.925E+06 1.184E-01 6.921E+06
1.235E-01 6.788E+06 1.286E-01 6. 577TE+06
1.337E-01 6.318E+06 1.388E-01 6.034E+06
1.438E-01 5.738E+06 1. 489E- 01 5.467E+06
1.540E-01 5.284E+06 1.590E-01 5.084E+06
1.641E-01 4.874E+06 1.692E-01 4.661E+06
1. T42E-01 4.450E+06 . 1.793E-01 . 4. 206E+06
1.843E-01 3.844E+06 1.894E-01 3.523E406
1.944E-01 3.237E+06 1.994E-01 2.980E+06
2.045E-01 2.751E+06 2.095E-01 2.5U4E+06
2.145E-01 2.357E+06 2.196E-01 2. 188E+06
2.246E-01 2.035E406 2.296E-01 1.896E+06
2.347E-01 1.769E+06 2.397E-01. 1.654E+06
2.447E-01 1.548E406 2.498E-01 1.446E+06
2.548E-01 1.337E+06 2.598E-01 1.237E+06
2.648E-01 1..14TE+06 2.698E-01 1.065E+06
2.749E-01 9.903E+05 2.799E-01 9..220E+05
2.849E-01 8.594E405 1.000E+00 1. 000E+0Q0
'TEnptRAiURE RESIDENCE TIMNE Ag'mgrioﬁ BATE §g_§§§_gg_gj§§ﬁ
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1. 500E+01 3.800E+02 1.260E+03 . 7.000E~01
BOP._AT_0
1.017E+08
WEIGHT X SCREEN SIZE AD % CUMULATIVE WEIGHT
©3,301E-01 1.060E-01 2.780E+01
6. 148E=-01 1.500E-01 7.957E+01
2.031E-01 1.800E-01 9.668E+01
3.850E-02 2.500E-01 9.992E+01 .
9. 400E- 04 2.970E-01. 1.000E+02
CB‘Y§TAL SIZE POPULAT}ION DENSITY - CRYSTAL SIZE POPULATION DENSITY
1.030E-01 1. 410E+07 1. 081E-01 1.406E+07
1.133E-01 1.373E+07 1.184E=01 1. 322E+07
1.235E-01 1.26 1E407 1.286E-01 1..195E+07
1.337E-01 1.129E+07 1.388E-01 1.063E+07
1.438E-01 9.989E+06 1. 489E-01 9. 309E+ 06
1.540E-01 8. 432E+06 1.590E=01 7. 663E+06
1.681E-01 6.985E406 1.692E-01 6. 386E+ 06
1.742E-01 5.853E+06 1.793E-01. 5. 350E+06
1.843E-01 4.799E+06 1.894E-01 4. 318E+06
 1.944E-01 3.896E+06 1.994E-01 3. 525E+06
2.045E-01 3.198E+06 2.095E-01 2. 908E+ 06
2. 145E-01 2.651E+06 2.196E=-01 2. 422E+0C6
2.266E-01 2. 217E+06 2.296E-01. 2. 034E+ 06
2.347E-01 1.870E+06 2.397E-01 1..722E+06
2.447E-01 1.588E#06 2.498E-01 1.467E+06
2.548E-01 1.355E+06 2.598E-01 1.253E+06
2.648E-01 1.16 1E406 2. 698E-01 1.077E+06
2.749E-01 1.000E+06 2.799E-01 9. 306E+05
2.849E-01 8.668 E+05 1.000E+00 1. 000E+00




[ o]
RESIDENCE TIME  AGITATION RATE SUPERSATURATION

TEMPERATURE

2. 0CO0E+ 01 1.700E+02 2.466E+03 9.500E-01
 BOR. AT 0
2.318E+08
¥ELGHT X SCREEN SIZE_AD % CUMULATIVE WEIGHT
7. 765E~- 01 1. 060E~-01 6.,955E4+01 .
. 2« T22E-01 1.500E-01 9,393E+01
2. 570E~02 1.800E-01 9.623E+01
2.900E-02 2. 500E~01 9.883E+01
1..310E-02 2.970E-01. 1.000E+02

CRYSTAL 'SIZE PQOPULATION_ DENSITY CRYSTAL_SIZE POPULATION DENSITY

1.030E-01 3.633E+07 1.081E-01 '3.109E+07
1..133E-01 2.682E+07 1.184E-01 2..331E+07
1.235E-01 . 2.039E+07 1.286E-01 1.794E+07
1.337E-01 1.587E+07 1.388E-01. 1.4 11E+0T
1.438E-01 1.260E+07 1. 489E-01 1.124E+07
1.540E-01 9.874E+06 1.590E-01 . 8. 711E+06
1.641E-01 7.716E+06 1.692E-01 . 6..862E+06
1.742E-01 6.12UE+06 1.793E-01 . 5. 482E+06
1.843E-01 4.915E+06 1.894E-01 4.421E+06
1.944E-01 3.987E+06 1.994E-01 3. 606E+06
2.045E-01 3.270E+06 2.095E-01 2. 972E+06
2. 145E-01 2.708E+06 2.196E-01 . 2.473E+06
 2.286E-01 2.263E+06 2.296E-01 . 2.075E+06
2.347E-01 1.906E+06 2.397E-01 1. 755E+06
2.447E-01 1.618E+06 2.498E-01 1. 494E+06
2.548E-01 1..382E+06 2.598E-01 1. 279.E406
2.648E-01 1. 18 7E+06 2.698E-01 1. 102E+06
2.749E-01 1.025E+06 | 2.799E-01 . 3. S46E+05
2.849E-01 8.902E+05 1.000E+00 1. DOOE+00



- TEMEPEBATURE

RESIDENCE_ TIME

AGITATION RATE SUPERSATURATION
2. 0COE+ 01 1.700E+02 2.466E+03 8.230E-01
POP. AT 0
2.370E+08
 WELGHT_X SCREEN SIZE AD % _CUNULATIVE WEIGHT.
1..119E+00 1.060E~-01 7T.911E+01
1.707E-01 1.500E-01 9. 117E+01
4. 0T7CE-02 1.800E-01 9.405E+01
4,560E-02 2.500E-01 9.727E+01
3.860E~-02 2. 970E-01 1.0C0E+02

CBYSTAL_.SIZE POPULATION DENSITY

——

CRYSTAL SIZE POPULATION DENSITY

1.030E-0’

1.133E-01

1.235E-01 .

1.337E-01
1.438E-01

1.540E~-01

1.641E-01 .

1. 742E-01
108“3E-01

1. 944E-01

2-0“5E‘01.

2+ 145E~01
2.246E-01

2.347E-01

2,447E-01 .

2. 548E-01

2.648E-01 .

2.T49E-01

2.849E-01

3.918E+07
2.772E+07
2,028 E+07
1.525E+07
1..173E+07
9.100E+06
7. 128E+06
5.670E+06
4,558E¢06
3.701E+06
3.038E+06
2.519E+06
2. 107E+06
1.777E+06
1.509E+06
1« 292E+06
1. 113E+06
5.650E+05

8. 409E+05

1.081E-01
1.184E-01
1.286E-01
1.388E-01.

1. 489E~-01

- 1.590E-01

1.692E-01
1.793E-01
1.894E-01
1.994E-01
2.095E-01
2. 196E-01.
2.296E-01
2.397E-01
2.498E~01

2,598E-01 .

2.698E-01 .

2.799E-01

1.000E+00

3.280E+07

2+ 362E+07
1. 753E+07
1. 334E+07
1. 035E+07
8. 037E+06
6.346E+06
5.081E+06

4-]01E+06

3. 349E+06

2.763E+006
2.3G1E+06
1.933E+06
1. 636E+06
1. 395E+06
1..198BE+06
1.036E+06
9.003E+05

1. 000E+00
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TEMPERATURE RESIDENCE TIME  AGITATION RATE  SUPERSATURATION

2. 0CO0E+01 1. 700E+02 2.466E+03 7.000E-01
PQP. AT 0 |
4.571E+07
-gggggg_; SCREEN SIZE_AD % CUMULATIVE WEIGHT

6. 130E-02 1.060E-01 1.722E+01

1.210E-01 . 1. 500E~-01 5. 122E+01 .

1. 135E-01 1.800E-01 8.311E+01 .

3..230E-02 2.500E-01 9. 213E+01

2, 780E-02 2.970E- 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 8.410E+06 1. 081E- 01 8. 474E+ 06
1.133E-01 8.331E+06 1.184E-01 . 8.063E+06
1.235E-01 7.723E+06 1.286E-01 7. 346E+06
1.337E-01 6.955E+06 1.388E-01 6.56 3E+06
1.438E-01 6. 18 1E406 1. 489E-01 5. BUSE+ 06
1.540E-01 5.632E+06 1.590E-01 5. 4DSE+06
1.641E-01 5..172E+06 14692E-01 4. 937E+06
. 1.742E-01 4.706E+06 1.793E-01 4.431E+06
1.843E-01 3.996E+06 1.894E-01 3.615E+06
A.944E-01 3.279E+06 1.994E-01 2. 983E+06
2.045E-01 2.720E+06 2.095E-01 2.486E+06
2. 145E-01 2.277E+06 2.196E-01 . 2.091E+06
2.246E-01 1.924E+06 2.296E-01 1.774E+06
2.347E-01 1.638E406 2.397E-01 1. 516E+06
2. 447E-01 1.405E+06 2.498E-01 1.305E+06
2.548E-01 1.216E+06 2.598E-01 1..135E+06
2.648E-01 1.060 E406 2.698E-01. 9.920E+05
2.749E-01 9.295E405 2.799E-01 8. 720E+05
2.849E-01 8. 19 1E405 1.000E+00 1. 000E+00
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TEMEERATURE "RESIDENCE_TIME gcxn.‘riog RATE  SUPERS ATURATION
- 2. 000E+01 1.700E+02 1.926E+03 9.500E-01
POP. _AT O -
1.815E+08
HELGHT X- SCREEN SIZE_AD % CUMULATIVE WEIGHT
8. 288E-01 1. 060E-01 5.384E+01 . |
5.762E-01 1.500E-01 9. 128E+01
6. 430E- 02 1.800E-01 9.545E+01
5.020E-02 2.500E-01 9.871E+01
1. 980E- 02 2.970E-01 1.000E+02
CRYSTAL SIZE POPULATION DENSITY  CRYSTAL_ SIZE POPULATION DENSITY
1.030E-01 2.735E+07 1. 08 1E-01 2.429E+ 07
1.133E-01 2.166E+07 . 1.184E-01 1. 939 E+07
1.235E-01 1. T42E+07 1.286E-01 1.571E+07
1.3378-01 1.421E+07 1.388E-01 1.290E+07
1.4388-01 1..174E+07 1.489E-01 1. 063E+ 07
1.540E-01 9.370E+06 1.590E-01 . 8. 295E+06
1.641E-01 7.373E+06 1.692E-01 6. 579E+ 06
1.742E-01 5.892E+06 1.793E-01 . 5. 289 E+06
1.843E-01 4.TU4E+06 1.894E-01 4.269E+ 06
1.944E-01 3.852E+06 1.994E-01. 3. 486E+06
2.045E-01 3.162E406 2.095E-01 2.876E+06
2. 145E-01 2.622E406 2.196E-01 . 2.395E+06
2.2U6E-01 2.193E+06 2.296E-01 2. 012E+06
2.347E=01 . 1.849E+06 2.397E-01 1.703E+06
2.447E-01 1.571E+06 2.498E-01 1. 451E+06
2.548E-01 1.342E+06 .A2,59ss-01‘ 1. 24 3E+06
2.648E-01 . 1..153E+06 2.698E~01 1.071E+06
2.749E-01 9.962E+05 2.799E-01 9.279E+05
2.8U49E-01 8.65UE+05 1. 000E+00 1. 000E+00
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RESIDENCE TIME AGITATION RATE SUPERSATURATION

2.0C0E+01 1.700E+02 1.926E+03 8.230E-01
POP. AT 0
2.147E+08
HEIGHT X SCREEN SIZE AD % _CUMULATIVE WEIGHT
1. 015E+00 1.060E-01 6.736E+01
4.074E~01 . "1.500E-01 9, 440E+01
2. 180E-02 1.800E-01 9.585E+01 .
3.420E~-02 2.500E-01 . 9.812E+01
2. 830E-02 2.970E-01 1.000E+02
CRYSTAL SIZE POPULATION DENSITY CRYSTAL_SIZE POPULATION DENSITY
1.030E-01 3.310E+07 1. 08 1B~ 01 2 . 849E+ 07
1.133E-01 2.471E+07 1. 184E-01 2. 157E+Q7
1.2358-01 1.895E+07 1.286E-01 1. 674E+07
. 1.337E-01. 1.487E+07 1.388E-01 1. 326E+07
1.438E-01. 1.188E+07 . 1. 489E- 01 1. 063E+ 07
1.540E-01 9.320E+06 1.590E-01 84209 E+06
1.641E-01 7.26 1E406 1.692E-01 6. 448E+06
1.742E~-01 5.T46E+06 1.793E-01 5. 138E+06
1.843E~01 4.605E+06 1.89uﬁ~01 4. 141E+06
1.984E-01 3.734E+06 1.994E-01 . 3. 376E+06
2.045E-01 3.061E+06 2.0955-01 2.781E+06
2. 145E-01 2.534E+06 2.196E~01 2. 313E+06
2.246E-01 2. 116 E+06 2.296E~01 1..940E+ 06
2.347E-01 1.782E+06 2.397E-01. 1. 640E+06
2. 447E-01 1.512E+06 2.498E-01 1.396E+06
2.548E-01 1.292E+06 2.598E-01. 1..197E+06
2.648E-01 1.111E+06 2.6988-01 1.033E+06
2.749E-01 9.613E+05 2.799E-01. 8. 960E+05
2.849E-01 8. 36 1E+05 1.000E+00 1. 000E+ 00



. TEMPERATURE AI;EE

RESIDENCE TINE  AGLTATION RATE SUPEBSATUR
. 2. 0CO0E+01 1.700E+02 1.926E+03 7.000E~01
POP. AT 0
1.768E+07
HELGHT_X SCREEN SIZE AD . % _CUMULATIVE WEIGHT
7. 240E- 02 1. 060E-01 1.366E+01 .
. 6..090E-02 1.500E-01 . 2.516E+01
1. 842E-01 1.800E-01  5.992E+01
1..382E-01 2.500E-01 8.600E+01
7. 420E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPRULATIQN DENSITY

1.030E-01 6.643E+06 1.081E-01 5. $90E+ 06
1.133E-01 5.411E+06 1.184E-01 . 4.899E+06
1.235E-01 4. 4US5E+06 1.286E-01 4. 0U3E+06
1.337E-01 3.685E+06 1.388E-01 3. 367E+06
1.438E-01 3.083E+06 1.489E-01 2. 929E+06
1.540E-01 3.126E+06 1.590E-01 3..242E+06
1.641E-01 3.298E+06 1.692E-01 3. 308E+06
1.782E-01 . 3.285E+06 1.793E-01 . 3. 196E+06
1.843E~01 2.948E+06 1.894E-01 . 2.726E+06
1.944E-01 2.525E+06 1.994E-01 2. 344E+06
2.045E-01 2. 180 E+06 2.095E- 01 2. 030E+06
2. 145E-01 1.895E+06 2.196E-01 1..771E+06
2.246E-01 1.657E+06 2. 296E-01 1.553E+06
2.347E-01 1.458E+06 2.397E-01 1. 370E+06
2.447E-01 . 1.290E+06 2.498E-01 . 1.214E+06
2.548E-01 1.141E406 2.598E-01 1..073E+06
2.648E-01 . 1.010E+06 2.698E-01 9.525E+ 05
2.749E-01 8.990E+05 2.799E-01 . 8..495E+05
2.849E-01 8.036E+05 1.000E+00 1. 000E+00
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IEMPERATURE

CRYSTAL SIZE POPULATION DENSITY

1.030E-01
1.133E-01
1.235E-01
1..337E-01
1.438E-01
-1« 540E-01
. 1.641E-01

" 1. 742E-01

'1.843E-01

1.944E-01
2.045E-01
2. 145E-01
24246E-01

2.3“72-01

2.447E-01

2.648E-01

2.749E-01

2.849E-01

: RESIDENCE TIME  AGITATION EATE SUPERS ATURATION
2. C00E+ 01 1.700E+02 1.260E+03 9.500E-01
" POP. AT 0
2.126E8+08
WEL GHT_X SCREEN szzz'aa % CUMULATIVE WEIGHT
-Q;aaus*oo 1.060E-01 6.476E+01 .
.. 54279E-01. 1.500E-01 . 9.038E+01
.+ 84 920E-02 1.800E-01. 9.471B+01
7..480E-02 2.500E~-01 9.834E+01
3. 420E-02 2.970E-01 . 1.000E+02

3.40 1E07
2.535E+07
1. 94 2E+07
1.522E+07
1.216E+07
9.597E+06
7.557E+06
6. 042E+06
4.B869E+06

3.956E+06

‘3. 2U9E#+06

2.695E+06
2,256E+06
1.903E+06
1.6 18E+06
1.383E4+06
1. 189E+06
1.028E+06

8.940E+05

1. 081E-01
1. 184E-0Y
1.286E-01
1.388E-01
1.389E-01
1.590E-01 .
1.692E-01 .
1.793E-01

1.994E-01 .

2.095E-01 .
2.196E-01
2.296E-01.
2.397E-01
2.498E-01
2.598E-01
2.698E-01
2.799E-01

1.000E+00

2. 925E+ 07
2. 212E+07
1.715E+07

1.358E407
1. 088E+07
8. 499E+06
6. 745E+06
5. 426E+06
4.382E+ 06
3. 580E+06
2.+ 956E%+ 06
2. 463E+06
2.070E+06
1..753E+06

1.495E+06

- 1. 281E+06

1.105E+06
9. 582E+05

1. 000E+00
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RESIDENCE TIME AGITATION BATE = SUPERS ATURATION

St i —-— e e e e e e s, et et e e i

2. 0CCE+ 01 1.700E+02 1.260E+03 8.230E-01
POP. AT 0
2.423E+08
WELGHT X SCBEEN SIZE AD % CUMULATIVE WEIGHT
'8.937E-01. 1. 060E-01 8.319E+01
1. 719E-01 1.500E=01 9.361E+01 .
. 2. 530E- 02 1.800E-01 . 9.596E+01 .
2.400E-02 2. 500E-01 9.819E+01 .
1. 940E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

——

1.030E-01 3.950E+07 1.081E-01 3.298E¢+ 07
1.133E-01 2.778E+07 1.184E-01 2. 361E+07
1.235E-01 2.021E+07 1.286E-01 . 1. 742E+07
1.337E-01 1.512E+07 1.388E-01. 1.319E+07
1.438E-01 1..157E+07 1. 489E- 01 1.018E+07

1.540E-01 8.946E+06 | 1.590E-01. 7.893E+06
1.641E-01 6.993E+06 1.692E-01 6.219E+06
1.742E-01 5.551E+06 ' 1.793E-01. 4.970E+06
1.843E-01 4, 455E+06 1..894E-01 4. 005E+ 06
1.944E-01 3.611E+06 1.994E-01 3. 265E+06
2.045E-01 2.960E+06 2.095E-01 2.690E+06
2. 145E-01 2.450E+06 2.196E-01 2.237E406
2.246E-01 2.046E+06 . 2.296E~01 1.876E+06
2.347E-01 1.723E+06 2.397E-01 1. 586E+06

 2.447E-01 1. 46 2E+06 2.498E-01 1. 350E+06
2.548E-01 1.249E+06 2.598E-01 . 1. 157E+06
2.648E-01 1.074E+06 2.698E-01 . 9.983E+05
2.749E~01 9.291E+05 2.799E-01 8. 659E+05
2.849E-01 . 8.080E+05 1.000E+00 1..000E+ 00
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TEMPERATURE RESIDENCE TIME  AGITATION RATE §gg§ SATURATION

2. 000E+01 1. 7C0E+02 1.260E+03 7.000E-01
POPR. AT 0
1.872E+07
WEL GHT_X SCREEN SIZE AD % CUMULATIVE WEIGHT
1. 088E-01 1.060E-01 1.388E+01
9.820E-02 1.500E-01 2.641E+01
2. 351E-01 1.800E-01 5.640E+01 .
2.867E~01 2.500E-01 9.298E+01
5.500E-02 2.970E- 01 1.000E+02

CRYSTAL .SIZE POPULATION DENSITY

CRYSTAL .SIZE POPULATION DENSITY

. i i it . e o S S et

1.030E-01 7.262E4+06 1.081E-01 6 . 590E+ 06
1.133E-01 S.385E+06 1.184E-01 5. 443E+06
1.235E-01 4.958E+06 1.286E-01 4. 52UE+06
14337E-01 4.136E+06 1..38BE-01 3.788E+06
1.438E-01 3.477E+06 1. 489E-01 3..283E+ 06
1.540E-01 3.396E+06 1.590E-01 3. 4BLE+D6
1.641E-01 3.444E+06 1.692E-01 3. 410E+06
1.742E-01 3.351E+06 1.793E-01 3. 247E+06
1.843E-01 3.039E+06 1..894E-01 2. 8UBE+ 06
1.944E-01 2.671E+06 1.994E-01 2..509E+06
2.045E-01 2.358E+06 2.095E-01 2..219E+06
2. 145E-01 2.091E+06 2.196E-01 1. 972E+06
2.246E-01 1.862E+06 2.296E-01 . 1.759E+ 06
2.347E-01 1.664E+06 2.397E-01. 1.575E+06
2.447E-01 1.493E+06 2.498E-01 1. 410E+06
2.548E~01 1.312E+06 2.598E-01. 1..223E+06
2.648E-01 1. 142E+06 2.698E-01 1.068E+06
2.749E-01 9.996E+05 2.799E-01 9.370E+05
2.849E-01 8.793E+05 1.000E+00 1..000E+00
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TEMPERATURE "RESIDENCE TINE  AGITATION RATE  SUPERS ATURATICHN

CRYSTAL SIZE

POPULATION DENSITY

4.030E-01

1.133E-01

1.235E-01 .

1.337E-01
1.438E-01
1.540E—Q1
1.641E-01
1.742E-01

1.843E-01

1.944E-01
2.045E-01

2.246E-01
2.347E-01
2.447E-01
2.548E-01
2.648E-01
12.749E-01

2.849E~01

1. 277E+07
9.824E+06
T7.T23E+06

6.185E+06

5.032E+06

4.610E+06
4, 414E+06
4.137E+06
3.592E+06
3.008E+06
2.543E+06

2.169E+06

1.865E+06 .

1.614E+06
1. 407E+06
1.221E+06
1.058 E+06
9.228E+05
8.088E+05

1.081E-01
1.184E-01 .
1.286E-01
1.388E-01
1. 489E-01
1.590E-01 .
1.692E-01
1.793E-0

1. 894E-01

1.994E-01

2.095E-01
2.196E-01.
2.296E-01
2.397E-01
2.498E-01 .

2.598E~01

' 2.698E~01 .

2.799E-01
1.000E+00

2. 000E+01 2.350E+02 2.466E+03 9.5obE-o1
POP. AT 0
- B.560E+07
WELGHT_X SCREEN_SIZE_AD % CUMULATIVE WEIGHT
1. 424E-01 1. 060E-01 2.665E+01
7.800E-02 1..500E-01 4.125E401
1.811E-01 1.800E-01 7.515E+01
1.041E-01 2. 500E~01 9.463E+01 .
2.870E-02 ' 2.970E-01 1.000E+02

1. 117E+07
8. 689E+06
6..897E+06

5.569E+06

4.651E¢+ 06

4.527E+06
4,282E+06
3.941E+006
3.283E+06
2. 763E+06
2. 346E+06
2.009E+06
1.734E+06
1. 506E+06
1. 314E+06
1..136E+06
9.876E+05
8. 633E+05

1. 000E+#00
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TEHPERATURE RESIDENCE TINE  AGITATION RATE  SUPERS ATUBAZIO
2. C00E+ 01 2.350E+02 2.466E+03 8.230E-01
2OP. AT 0
1.940E+08
HWEILGHT X SCREEN SIZE_AD % CUMULATIVE WEIGHT
1. 141E+00 1.060E-01 5.933E+01
6+ TYLE-01 1.500E-01 9. 441E+01
4.720E-02 1..800E-01 9.686E+01
3.810E-02 2.500E-01 9.885E+01
2..220E- 02 '2.970E-01 1.000E+02

CRYSTAL SIZE
1.030E-01 .
1.133E-01
1.235E-01
1.337E-01
1.438E-01
1.540E-01
1.641E-01
1.742E-01
1.843E-01
1.944E-01
2.045E-01 .

2.145E-01
2.246E-01
2.347E-01
2.447E-01
- 2.548E-01
2.648E-01 .
2.749E-01

2+849E-01

POPULATION_ DENS ITY
2.897E+07
2.247E+07

C1.TT9E#07 .
1.433E+07
1.171E407
9.279E+06
7.255E+06
5.761E+06
4.622E+06
3.746E+06
3.069E+06
2.539E+06
2. 120E+06
1.784E+06
1.513E406
1.291E+06
1. 109 E+06
9.581E+05

8.320E+05

CRYSTAL _SIZE POPULATION DENSITY

1.081E-01 .
1. 184E~-01
1.286E-01
1.388E~-01
1. 489E-01
1.590E-01
1.692E-01

1.793E-01

1.894E-01 .

1.994E-01

2.095E-01.

2.196E-01 .
2.296E~-01
2.397E-01
2.498E~01

2.5988_01

2. 698E-01 .

2.799E-01

1.000E+Q0

 2.544E+07
1. 995E+07
1.593E+07
1..293E+07
1..056E+ 07
8. 18TE+06
6..453E+ 06
5. 157E+06
4. 155E+ 06
3. 386E+06
2. T88E+06
2.318E+06
1. 943E+06
1. 642E+06
1.397E+06
1. 196E+06
1..030E+06
8.923E+05

1. 000E+00
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RESIDENCE TINE  AGITATION RATE  SUPERS ATUBATION

CRYSTAL_SIZE POPULATION DENSITY

2. 0C00E+01 2.350E+02 2.466E+03 7.000E-01
POP. (AT 0
1.589E+08
ggg_gg_g SCREEN SIZE_AD % CUMULATIVE WEIGHT
8. 050E-01 1.060E-01  4.534E+01
7.618E-01 1.500E-01 8.825E+01 .
1. 106E-01 1.800E-01 9.447E+01
6..280E-02 2.500E-01 9.801E+01
3.530E-02 2.970E-01 1.000E+02

CRYSTAL_SIZE POPULATION DENSITY

1.030E-01
1.133E-01
1.235E~-01

1.337E-01

 1.540E-01
1.641E-01

1.742E-01

1.843E-01

1.944E-01
2.045E-01
2. 145E-01
2.246E-01
2.347E-01

2.447E-01

2.548E-01

2.6U48E-01
2.749E-01

2.849E-01

22 348E+07
1.951E+07
1.625E407
1.362E+07
1« TU9E+07

9.280E+06

7.360E+06 .

5.927E+06
4,788E+06
3.890E+06
3. 194E+06
2.649E+06
2.217E+06
1.870E+06
1.590E+06
1.360E+06
1. 170 E+06
1.012E+06

8.807E+05

1.081E-01
1. 184E-D1 |
1.286E-01

1.388E-01.

1. 489E-01 .

1.590E-01
1.692E-01

1.894E-01 .

1.994E-01

2.095E-01.

2.196E-01 .

2. 296E-01 .

2.397E-01.
2-4983*05.
2.598E-01 .
2.698E?0i1
2.799E-01 .

1. 000E+00

2. 140E+ 07
1..780E+Q7

1< 486E+ 07

- 14 249E+07

1. 049E+ 07
8. 248E+06
6.593E+06
5.336E+06
4.309E+ 06
3..520E+06
2. 906E+06
2. 421E+06
2.034E+06
1..723E+06
1.469E+06
1..260E+06
1.087E+06
3. 436E+05

1.000E+00
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ez |

TEMPERATURE

RESIDENCE TIME  AGLITATION RATE  SUPERS ATURATIO

CRYSTAL SIZE

1..133E-01

1.235E-01

1.337E-01

1.438E-01

1.540E-01

1.641E-01

1. 742E-01
1.843E-01
1.944E-01
2.045E-01
2. 145E-01
2.246E-01
2.347E-01
2.447E-01
2.548E-01

2.648E-01

2.749E-01

2.849E~01.

POPULATION. DENSITY

1.073E+07
9.089E+06
7.672E+06
6.490E+06
5.514E+06
5.237E+06
5. 135E+06
4.889E+06

4,218E+06

3.469E+06

2.884E+406
2.420E+06
2.049E+06
1.748E+06
1.502E+06
1.294E+06
1. 118 E+06
9.716E+05

8. 489 E+05

T S o . et S i

1.081E- 01
1.184E-01
1.286E-01
1.388E-01
1. 489E-01 .
1.590E-01
1.692E-01
1.793E-01
1.894E-01 .
1.994E-01.
2.095E-01
2.196E-01
2.296E-01
2.397E-01
2.498E-01
2.598E-01

2.698E-01

2.799E-01 .

1. 000E+00

2. COOE+ 01 2.350E+02 1.926E+03 - 9.500E-01
POP. AT 0
4. 507E+07
WELIGHT X SCREEN SIZE_AD % _CUMULATIVE WEIGHT
1.339E-01 1.060E-01 2.140E+01
1. 405E-01 1.500E-01 4.386E+01
2.593E-01 1.800E-01 8.531E+01 .
6.730E-02 2.500E-01. 9.607E+01
2.460E-02 2.970E-01 1.000E+02

9, 886E+ 06

B..351E+006

. 7.053E+06

S5..978E+06
5. 194E+06
5. 210E+06
5. 024E+06
4.672E+06
3.820E+06
3. 159E+0b6
2.639E+06
2+ 225E+06
1.891E+06
1. 619E+06
1. 395E+ 06
1..202E+06
1. 042E+006
9.076E+05

1. 000E+00



TEMPERATUR RESIDENCE TIME  AGLTATION BATE  SUPERSATURATION

2. COOE+ 01 2.350E+02 1.926E+03 8.230E-01
POP. AT 0
1.610E+08
WEL GHT. X SCREEN SIZE AD % CUMULATIVE WEIGHT
8. 907~ 01 1. 060E-01 4.794E+01
7.979E-01 1.500E-01 9.088E+01
7..260E-02 1.800E-01 9.479E+01
6..950E-02 2.500E-01 9.8538401
2.730E-02 2..970E-01 . 1.000E+02

CRYSTAL SIZE POPULATION_ DENSITY

1. 081E-01 .

1.030E-01 2. 355E+07 2.136E+07
§1.1333-o1 1.938E+07 1. 184E-01 1..762E+Q7
1.235E-01 1.604E+07 1.286E~01 1. 463E+07
-1.337E-01 1.337E+07 1.388E-01 1..225E+07
1.438E-01 1. 124E+07 1..489E- 01 1. 024E+07
1.540E-01 9.018E+06 1.590E-01 7.980E+06
1.641E-01 7.090E+06 1.692E-01 6.+ 323E¢+06
1.742E-01 5.660E+06 '1.193ﬁ-o1h 5. 080E+06
1.843E-01 4.559E+06 1. 894E-01 4,103E+06
1.944E~-01 3.704E+06 1.994E-01 3..353E+06
2.045E-01 3.043E+06 2.095E-01 2.769E+06
2. 145E~01 2.525E+06 2.196E-01. 2. 307E+06
2.246E-01 '2;}13E+06 2.296E-01 1.939E+06
2.347E-01 1.783E+06 2.397E-01. 1. 643E+06
2.447E-01 1.516E+06 2.498E-01 1. 401E+06
2,548E-01 1.296E+06 2m598ﬁ—01 1. 200E+06
2.648E-01 1. 114E+06 2.698E-01 1..035E¢06
2.749E-01 9.627E+05 2.799E-01 . 8.'968E+05
2.849E-01 8. 366E+05 1..000E+00

1.000E+00



132

SUPERSATUBATIO

TEMPERATURE RESIDENCE TIME AGITATION RATE N
2. CCO0E+ 01 2.350E+02 1.926E+03 7.000E~-01
POP. _AT_O
1.849E+07
HWEIGHT_X SCREEN_SIZE_AD &_CUHULATIVQWﬁEIGHT
6. 180E-02 1. 060E-01 1.034E+01 .
1..113E-01 1.500E-01 2.898E+01
2. 311E-01 1.800E-01 . 6.766E+01
1..026E-01 . 2.500E-01 8. 483E+01
9. 060E-02 2.970E-01. 1.000E+02

CBYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 5.171E406 1.081E- 01 5. 127E+ 06
1.133E-01 4.984E+06 1.184E-01 . 4.783E+06
1.2358-01 4,552E406 1.286E-01 . 4.308E+06
1.337E-01 4 06 2E+06 1.388E-01 3.820E+06
1.438E-01 3.587E+06 1.489E-01 . 3. 464E¢ 06
1.540E-01 3.675E+ 06 1.590E-01 3.796E+06
1.641E-01 3.849E+06 1.692E-01 . 3.853E+06
1. 742E-01 3.819E+06 1.793E-01 3.701E+06
1.843E-01 3.372E+06 1.894E-01 3. 0B0E+ 06
1.944E-01 2.821E+06 1.994E-01 2. 590E+06
2.045E8-01 2.38U4E+06 2.0958-01 2. 198E+06
2. 145E-01 2.032E+06 2.196E-01. 1..882E+06
2.246E-01 1. 746 E+06 2.296E-01 1.622E¢06
2.347E-01 1.511E+06 2.397E-01 . 1. 409E+06
2.447E-01 . 1.316E+06 2.498E-01 1..232E+06"
2.548E-01 1.159E+06 2.598E-01 1.092E+06
2.648E~01 1.030E+06 2.698E<01 9.724E+05
2.749E-01 9.192E+05 2.799E-01. 8.698E+05
2. 849E-01 . 8.239E+05 1.000E+00 1. 000E+00



TEMPERATURE

‘2. 0COE+ 01

— e s e s

POP. _AT 0 -
2.931E+06

RESIDENCE TIME

AGITATION RATE

2.350E+02

- SCREEN_SIZE_AD

1.260E+03

% CUMULATIVE WEIG

2. 860E~02
3. 400B~-02
1. 656E- 01
252101 .

1. 474E- 01

CRYSTAL_SIZE PORULATION DENSITY

1. 060E-01

1.500E-01
1.800E-01 .

2+ 500E-01

2.970E- 01

4.556E+00

9.973E+00 .

3.635E+01-
7.652E+01

1.000E+02

CRYSTAL_SIZ.

1.030E-01
1.133E-01

1.235E-01

1.337E-01 .

1.438E-01

1.540E-01

1.641E-01.

1. 742E-01

1.843E-01.

1.944E-01

2.045E-01

2. 145E-01

2.246E-01 .

2.347E-01

2.548E-01
2.648E-01
2.749E-01

2.849E-01

2. 100E+06
1.824E+06
1. 56 6E+06
1.340E+06
1..149E+06
1.407E+06
1.720E+06
1.850E+06
1.789E+06
1.654E+06
1. 522E+06
1.396E+06
1..279E+06
1.172E+06
1.074E+06
9.793E+05
8.916E+05
8.137E+05

7.4343E+05

1.081E-01
1.184E-01
1.2868-01
1.388E-01
1. 489E-01
1.590E-01
1.692E-01
1.793E-01
1.894E-01
1.994E-01
2.095E-01
2.196E-01
2.296E-01
2.397E-01
2.498E-01 .
2.598E-01..
2.698E-01
2.799E-01 .

1.000E+00

H

T

1.962E+ 06
1.631E+06
1. 449E#06
1. 241E+00
1. 145E+06
1..593E+06
1..802E+06
1. 856E+06
1.722E+06
1. 588E+06
1.458E+06
1..337E406
1.224E+06
1..122E+06
1.027E+06
9.341E+065
8. 5158405
7.780E+05

1.000E#00
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RESIDENCE TIME  AGITATION RATE SUPERSATURATION

CRYSTAL SIZE POPULATION DENSITY

1.030E-01
1.133E-01
1.235E-01
1.337E-01
1.438E-01
1.540E-01
1.64.1E-01
1.742E-01
1.843E-01
1.944E-01
2.045E-01
2. 145E-01
2.246E-01

2.347E-01

2. 447E-01

2.548E~01
2.648E-01
2.749E-01

2.849E-01

1.535E+07
1.191E+07
9.@282+06
7.594E+06
6. 208E#+06
5.635E+06
5.328E+056
4.951E+406
4. 207E+06
3.418E+06
2.807E+06
2.328E+06
1. 949 E+0b
1.644E+06
1.397E+06
1.195E+06
1.028 E+06
8.8%91E+05

7.733E405

CRYSTAL_SIZE

1.081E-01 .
1.184E-01
1.286E- 01
1.388E-01
1. 489E-01
1.590E-01.
1.692E-01
1.793E-01
1.894E- 01
1.994E-01
2.095E-01
2.196E~01
2.296E-01
2.397E-01
2.498E-01 .
2.598E-01
2.698E-01
2.799E-01

1. 000E+00

2. 0COE+01 2.350E+02 1.260E+03 8.230E-01
POP. AT 0
6.982E+07
WEILGHT X SCREEN SIZE AD % CUMULATIVE WEIGHT
3.690E-01 1.060E-01 3.377E+01 .
2.183E~01 . 1.500E-01 5.375E401
4, 459E-01 1;800E°01 9.456E+01 .
3.920E-02 2.500E-01 9.815E401
2. 020E-02 2.970E-01 . 1..000E+02

1.348E+07
1. 057E+07
8. 4U45E+ 06
6.854E+06
5.735E+#06
5. 495E+06
5. 144E+ 06
4.688E+06
3.786E+06
3.093E+06
2.554E+06
2..128E+06
1.788E+06
1. 514E+06
1.291E+06
1. 107E+06
9.552E+05
8. 286E+05

1. 000E+00
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IEMPERATURE gggxggggg_z;gg-' AGITATION RATE SUPERSATUBATION
2. 0COE+01 2.350E+0C2 1.260E+03 7.0003—01('
PQOP. AT 0
2.173E+06
HEIGHT X SCREEN SIZE AD E-QHEELAEL!E.EEEEEZ-
© 2.570E-02 1.060E-01 . 4.116E+00
2.090E-02 1.500E-01 7. 463E+00
9.870E-02 1.800E~-01 2.327E+01
24 220E~-01 2.500E-01 . 5.882E+01 .
2.571E-01 2.970E-01 . 1.000E+02

CRYSTAL SIZF POPULATION DENSITY CRYSTAL SIZE PROPULATION DENSITY

1.030E-01 . 2.039E+06 1.081E- 01 . 1.833E+06
1.1338-01 1.652E+06 . 1.184E-01 1. 492E+06
1.235E-01 1..352E+06 1.286E-01 1.227E+06
1.337E-01 1.117E+06 1.388E-01. 1. 019 E+06
1.438E-01 . 9.325E+05 1. 489E-01 9.061E+05
1.540E-01 1.054E+06 1.530E-01 1..156E+06
1.641E-01 1..222E+06 1.692E-01 1..262E+06
1.742E-01 1.281E+06 1.793E-01 1..284E+06
1.843E-01 1.272E+06 1.894E-01 1.252E+ 06
1.964E-01 1.226E+06 1.994E-01 1..196E+06
2.045E-01 1. 16 UE406 2.095E-01 1. 129E+06
2. 145E-01 1.094E+06 2.196E-01- 1..058 E+06
2.246E-01 1.022E406 2.296E-01 9.861E+05
2.347E-01 9.509E+05 2.397E-01 9. 165E+05
2.447E=-01 8.830E+05 2.498E-01 8. 557E+05
2.548E-01 8.482E+05 2.598E-01 8. 38 1E+05
2.648E-01 8.259E405 2.698E-01 . 8+ 122E+05
2.749E-01 - 7.973E+05 2.799E-01 7. 8 14E+05
2.849E-01 7.648E405 1..000E+00 1..000E+00



TEMPERATURE RESIDENCE TIME

AGITATION RATE  SUPERS ATURATION
2.000E+01 3.800E+02 2.466E+03 9.500E~01
POP. AT 0
5.550E+07
WELGHT X SCREEN SIZE_AD % COMULATIVE WEIGHT

2.752E-01 1.060E-01 2.069E+01 .

4. 519E-01 . 1.500E-01 5.46TE+01 .

4. 070E-01 1.800E-01 . 8.528E+01 .

1.793E-01 2.500E~01 9.876E+01

1.650E- 02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION_ DENSITY CRYSTAL .SIZE POPULATION DENSITY

1.030E-01 1.062E+07 1.081E-01 1.037E+07
1. 133E-01 9.970E+06 1.184E-01 9. 491E+06
1.235E-01 . 8.975E+06 1.286E-01 8. 450E+ 06
1.337E-01 7.933E+06 1.388E-01 . 7. 434E+06
1.438E-01 6.960E+06 1. 489E-01 6..542E+ 06
1.540E-01 6.246E+06 1.590E-01 5.948E+06
1.641E-01 5.654E+06 1.692E~01 5.368E+06
1.742E-01 5.092E+06 1.7933-¢1 4.78 1E+06
1.843E-01 4.326E+06 1.894E-01 3.927E+06
1.944E-01 3.574E+06 1.994E-01 3. 261E+06
2.045E=01 2.983E+06 2.095E-01 2.735E+06
2.145E-01 2.514E+06 2.196E-01 . 2.315E+06
2.246E-01 2. 136E+06 2.296E-01. 1.975E406
2.347E-01 1.830E+06 2.397E-01 1. 698E+06
2.447E-01 1.578E+06 2.498E-01 . 1. 467E+06
2.548E-01 1.356E+06 2.598E-01 . 1. 256E+06
2.648E-01 1.165E406 2.698E-01 . 1.082E+ 06
2.749E-01 1.006E+06 2.799E-01 9.373E+05
2.849E-01 8.742E+05 1.000E+00 1. 000E+00
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TEMPERATURE

RESIDENCE TIME AGITATION RATE SUPERSATURATION

2.000E+01 3.800E+02 2.466E+03 8.230E-01
BOP. AT 0
2. 158E+08
HELGHT X SCREEN SIZE AD % _CUMULATIVE WEIGHT
1. 435E+00 1. 060E-01 . 6.35TE+01
7.460E-01 1.500E-01 9.662E+01 .
2. 840E—-02 1.800E-01 9.788E+01
2. 250E-02 2. 500E-01 9.887E+01
2.540E- 02 2.970E-01 . 1.000E+02
CRYSTAL_ SIZE POPULATION_ DENSITY CRYSTAL_SIZE PORPULATION DENSITY
1.030E-01 3.200E+07 1.081E-01 2.790E+07
1.133E-01 2.447E+07 1.184E-01 2. 159E+07
1.235E-01 1.915E407 1.286E-01 . 1. 707E+07
1.337E-01 1.528E+07 1.388E-01 1.37T4E+07
1.438E-01 . 1.239E+07 1..489E- 01 1. 1148+ 07
1.540E-01 9.766E+06 1.590E-01 8. 599E+06
1.641E-01 7.603E+06 1.692E-01 6. T4IE+06
1.742E-01 6.012E+06 1.793E-01 5..373E+06
1.843E-01 4.811E406 1.894E-01 4.322E+06
1.944E-01 3.894E+06 1.994E-01 3.517E+06
2.045E~-01 3. 185E+406 2.095E-01 2. 892E¢06
2.145E-01 | 2.632E+06 2.196E-01 2. 40 1E+06
2.266E-01 2.194E+06 2.296E-01 2.010E+06
2.347E-01 1. 84 4E+ 06 2.397E-01 1.695E+06
2.447E-01 1.562E+06 2.498E-01 1. 441E+06
2548801 1.332E+06 2.598E~01 1. 233E+06
2.648E-01 1..144E+06 2.698E-01 1. 062E+06
2.749E-01 9.880E+05 2.799E-01 9.201E+05
2.849E-01 8.580E+05 1.000E+00 1. 000E+00



TEMPERATURE RESIDENCE TIME

AGITATION BATE  SUPERSATURATION
2.000E+01 3.800E+02 2.466E+03 7.000E-01
POP. AT 0
1. 082E+08
WELGHT X SCREEN SIZE AD % _CUMULATIVE WEIGHT
- 5.046E-01 1. 060E- 01 2.893E+01 .
8 4U62E—-01 . 1..500E~-01 7. 745E+01
2« 358E-01 1. 800E-01 9,097E+01 .
1.298E~-01. 2+ 500E-01% 9.841E+0G1 .
2.770E-02 2.970E-01 1.000E+02

CRYSTAL_SIZE POPULATION DENSITY

CRYSTAL SIZE PQPULATION_ DENSITY

1.030E-01 1.585E407 1. 081E-01 1.554E+ 07
1.133E-01 1.497E+07 1.184E-01 1..428E+07
1.235E-01 1..352E407 1.286E-01 1.275E+07
1.337E-01 1.198E+07 1.388E-01 1..124E+07
1.438E-01 1.053E+07 1. 489E-01 9.773E+06
1.540E-01 8.796E+06 1.590E-01 . 7. 946E+06
1.641E-01 . 7.202E+06 . 1. 692E- 01 6. 54 8E+ 06
1.742E-01 5.972E+06 1.793E-01 5.441E+06
1.843E-01 4.898 E+06 1.894E-01. 4.422E¢ 06
1.944E-01 4.003E+06 1.994E-01 3. 635E+06
2.045E-01 3.308E+06 2.095E-01 3.018E+06
2.145E-01 2.760E+06 2.196E-01 2. 530E+06
2.246E-01 2.324E+06 2.296E-01 2.138E+06
2.347E-01 1.972E+06 2.397E-01 1. 821E+06
2.547E-01 1.685E406 2.498E-01 1.561E+06
2.548E-01 1. 44UE+06 2.598E-01 1. 338E+06
2.648E-01 1. 2012406 2.698E-01 1.153E+06
2.749E-01 1.073E+06 2.799E-01 1.000E+06
2.849E-01 9.329E+05 1.000E+00 1. 000E+ 00



TEMPERATURE

ATU RESIDENCE TIRE AGITATION EATE  SUPERS ATURATION
2. 0C0E+01 . 3.800E +02 1.926E+03 9.500E-01
 POP._AT 0 °
1.773E+08
WELGHT X =~ SCREEN SIZE AD % _CUMULATIVE WEIGHT
9.0378-01 1.060E-01 . 5.068E+01
7. 132E-01 1..500E~01 9.068E+01 .
1.398E-01 1.800E-01 9.852E+01
1.820E~02 2.500E-01 . 9.955E+01 .
8..100E- 03 2.970E-01 1.000E+02
CRYSTAL SIZE POPULATION DENSITY  CRYSTAL SIZE PRORULATION DENSITY
1.030E-01 2.630E407 1.081E-01 2. 358E+ 07
1.133E-01 2.121E+07 1.18GE-01 1..913E+07
1.235E-01. 1.730E407 1.286E-01 1.568E+07
1.337E-01 1.426E+07 1.388E-01 . 1. 300E+07
1.438E~01 1. 188E+07 1. 489E- 01 1.080E¢07
1.540E-01 9.585E+06 1.590E-01. 8. 541E+06
1.641E-01 7.640E406 1.692E-01. 6. 860E+06
1.742E-01 6.181E+06 1.793E-01 . 5.5TUE+06
1.843E-01 4.991E+06 1.894E-01 4.484E+06
1.944E-01 4.039E+06 1.994E-01 . 3. 649E+D6
2.045E-01 3.305E+406 2.095E-01 3. 0018406
2+ 145E-01 2.731E+06 2.196E-01 . 2.491E+06
2.246E-01 2.277E406 2.296E~01 . 2. 085E+06
2.347E-01 1.913E+06 2.397E-01. 1..759E+06
2. 447E-01 1.620E+06 2.498E-01 1.495E4+06
2.548E-01 1.381E+06 2.598E~01 1. 278E+06
2.648E-01 1.184E+06 2.698E-01 1..099E+06
2.749E-01 1.021E+06 2.799E-01 9. 504E+05
2.849E-01 8.856E+05 1.000E+00 1. 000E+00
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TEMPERATURE RESIDENCE TIME Ag;zgg;gg-RATE .SUPER§ATURAII§§
. 0C0E+01 3.800E+02 1.926E+03 8.230E-01
POP. AT 0
1.977E+08
WELGHT_X SCREEN SIZE_AD % CUMULATIVE WEIGHT
1. 281E+00 1.060E-01 5.842E+01
8.215E-01 1. 500 E-01 9.589E+01
4. 620E-02 1.800E~01 ' 9.800E+01
2.470E-02 2.500E-01 . 9.9 12E+01
1.920E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY

CRYSTAL SIZE POPULATION DENSITY

1.030E-01

2.889E+07 1.081E-01 2.551E+07
1..133E-01 2.264E+07 1.184E-01 2.018E+07
1.235E-01 1.806E+07 1.286E-01 1.623E+07
1.337E-01. 146 4E+07 1.388E-01 1..325E+07
1.438E-01 1.203E+07 1.489E-01 1. 086E+ 07
1.540E-01 9.53BE+06 1.590E-01 8.4 11E+06
1.641E-01 7. 447E+06 1.692E-01 6.620E+06
1.742E-01 5.906E+06 1.793E-01 5. 284E+06
1.843E-01 4.733E+06 1.894E-01 4.252E+06
1.944E-01 3.830E+06 1.994E-01 3. 4U61E+06
2.045E-01 3. 134E+06 2.095E-01 2.846E+06
2. 145E-01 2.590E+06 2.196E-01 2.363E+06
2.246E-01 2. 160E+06 2.296E-01 1.978E+06
2.347E-01 1.816E+06 2.397E-01 1. 669E+06
2.447E-01 1.538E+06 2.498E-01 1.419E+06 .
2.548E-01 . 1.311E+406 2.598E-01 1. 214E+06
2.648E-01 1. 125E+06 2..698E-01 . 1. 045E+06
2.749E-0 1 9.716E+05 2.799E-01 . 9.046E+05
2.849E-01 8.433E+05 1.000E+00 1. 000E+00



141

TEMPERATURE RESIDENCE TINE  AGITATION RATE  SUPERSATUEATION
2. 000E+ 01 3.800E+02 1.926E+03 7.000E-01
POP. AT 0
1.523E+08
WELGHT X SCREEN_SIZE_AD % CUMULATIVE WEIGHT -
8.559E-01 1. 060E-01 4,398E+01 .
7.458E-01 1.500E-01 8.230E+01
1. 980E-01 1.800E-01 . 9.247E+01
9. 640E~02 2.500E-01 9.T43E+01
5.010E-02 2.970E- 01 . 1.000E+02

CRYSTAL SIZE POPULATION_DENSITY CRYSTAL .SIZE POPULATION DENSITY

T e e e 2 i s S P8

1.030E-01 2.399E+07 1.081E-01 2.170E# 07
1.133E-01 1.965E+07 1. 184E-01 1. 783E+07
'1.235E-01 1.621E+07 1.286E-01 . 1. 477E+07
1.337E-01 1.348E+07 1.388E-01 1..233E+07
1.438E-01 1.131E+07 1. 489E-01 1.032E+07
1. 540E-01 9.212E+06 1.590E-01 . 8..257E+06
1.641E-01 7.428E+06 1.692E-01 6. 706E+06
1.742E~01 6.074E+06 1.793E-01 5.503E+06
1.843E-01. 3.944E+06 1.894E-01 4. 454E+ 06
1.944E~01 4.025E+06 1.994E-01 . 3. 647E+06
2.0458-01 3.313E+06 2.095E-01 3.017E+06
2. 145E-01 2.754E+06 2.196E-01 . 2. 519E+06
2.246E-01 2.310E406 2.296E-01 2. 122E+06
2.347E-01 1.953E+06 2.397E-01. 1. 801E+406
2.447E-01 1.663E406 2.498E-01 1.539E+06
2.548E-01 1.425E+06 2.598E-01 . 1..321E+06
2.648E-01 1.227E+06 2.698E-01. 1. 142E+ 06
2.749E-01 1.064E+06 2.799E-01 9.920E+05
2.849E-01 9.265E+05 1.000E+00 1. 000E+00



142

TEMEERATURE RESIDEQCE TiME AGITATION RATE "SUPE§§§QQ§§ig§E
2. 000E+01 3.800E+02 1.260E+03 9.500E-01
POP, AT O
3.812E+07
WELGHT X SCREEN_SIZE_AD % CUMULATIVE WEIGHT
6. 440E-01 1. 060E-01 2.895E+01
9.898E-01 . 1.500E-01 7.344E+01
2. 862E-01 1.800E-01 8.630E+01
2.577E-01 2.500E-01 9.788E+01 .
4..710E-02 2.970E-01 1.000E+02
CRYSTAL SIZE - POPULATION DENSITY CRYSTAL :SIZE POPULATION DENSITY
1.030E-01 1.544E+07 1.081E-01 1.493E+07
1.133E-01 1.425E+07 1. 184E-01 1. 349E+07
1.235E-01 1. 270E+07 1.286E-01 1.191E+07
1.337E-01 1.115E+07 1.388E-01 1. 042E+07
1.438E-01 . 9.737E+06 1.489E-01 . 9.023E+06
1.540E-01 8. 122E+06 1.590E-01 7..337E+06
1.641E-01 6.651E+06 1.692E-01 6. OUBE+06
1.742E-01 5.516E+06 1.793E-01 5.030E+06
1.843E-01 4.544E+06 1.894E-01 4.117E+06
1.944E-01 3.741E+06 1.994E-01. 3. 409E+06
2.045E-01 . 3. 113E406 2.995E-01 2.850E+06
2.145E-01 2.616E+06 2.196E-01 2. 405E+06
2.246E-01 2.216E+06 2.296E-01 2.046E+ 06
2.347E-01 1.893E+06 2.397E-01 1. 754E+06
2.447E-01 1.628E+06 2.498E-01 1. 512E+06
2.548E-01 1.399E+06 2.598E-01 1. 297E+06
2.648E-01 1. 204 E+06 2.698E-01 . 1.120E+06
2.749E-01 1.042E+06 2.799E-G1 9.719E+05
2.849E-01 9.072E+05 1.000E+00 1..000E+00



143

TEMEERATURE RESIDENCE TIME  AGLTATION RATE  SUPERS ATURATION

CRYSTAL :SIZE POPULATION DENSITY

1.030E-01

14133E-01
1.235E-01
1.337E-01
1.438E-01
1.540E-01

1.641E-01

1.742E-01

1.843E-01
1.944E-01
2.045E-01

2. 145E-01

2.246E-01 .

2.347E-01
2. 447E-01
2.548E-01
2.648E-01
2.749E-01

2.849E-01

3.062E+07 .
2.321E+07
1.804E+07
1.431E+07
1. 155E+07
9.123E+06
7. 157E406
5.702E+0G6

4.583E+06

3.717E+06

3.048E+06
2.524E+06
2, 108E+06
1.776E+06
1.507E+06
1.288E+06
1..109E+06

9.598E+05

8.353E+05

A D g i S i i A O

1.081E-01

1. 184E-01 .

1.286E-01
1.388E~-01
1. 489E- 01
1.590E-01
1.692E-01

1.793E-01

1.894E-01

2.095E-01

2. 296E-01

2.397E-01

2.498E-01

2.799E-01

1. Q00E+Q0

2. 0COE+ 01 3.800E+02 1.260E+03 8.230E~01
BOP. _AT 0
1.978E+08
WELGHT_X SCREEN_SIZE_AD % CUMOLATIVE WEIGHT
1.335E400 1.060E-01 . 6.233E+01 .
6.370E-01 1.500E-01 9.206E+01 .-
7. 150E- 02 1.800E-01 9.540E+01 .
5.300E-02 2.500E-01 . 9.788E+01 .
4. 550E- 02 2.970E- 01 1.000E+02

2.657E+07
2.04GCE+07
1.603E+07
1. 283E+07
1.037E+07
8. 064E+CE
6. 376E+06
5..112E+06
4.121E+06
3. 361E+06
2.770E+ 06
2.304E+06
1..933E+06
1. 635E+06
1. 392E+06
1.-194E+06
1.031E+06
8.948E+05

1. 000E+00
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AGITATION RATE

TEMPERATURE EESIDENCE TIHE SUPERS ATURATION
2. 0COE+01 3.800E+02 1.260E+03 7.000E-01
POP. AT 0
8.386E+07
WEL GHT X SCREEN SIZE_AD % _CUMULATIVE WEIGHT
4.612E-01 1.060E-01 2.925E+01 .
5.336E-01 . 1.500E-01 6.310E+01
3. 055E-01 1. 800E-01 8.248E+01
2.142E-01 2.500E-01 9.607E+01
6. 200E- 02 2.970E-01 . 1.000E+02
CRYSTAL SIZE POPULATION DENSITY  CRYSTAL_SIZE PQRULATION DENSITY
1.030E-01 1.559E407 1..081E-01 1.452E+ 07
1.133E-01. 1.346E+07 1.184E-01 . 1. 2U6E+07
1.235E-01 1.151E207 1.2868-01 1. 064E+07
1.337E-01 3.830E+06 1.388E-01 . 9. 089 E+06
1.438E-01 8.411E+406 1. 489E- 01 7.776E+06
1.540E-01 7. 146E+06 1.590E-01 6. 582E+06
1.641E-01 6.074E+06 1.692E-01 5.616E+06
1.742E-01 5.203E+06 1.793E-01 4.802E+06
1.843E-01 4,348 E406 1.894E-01 3. 94 8E+ 06
1.944E-01 3.595E+06 1.994E-01 3. 282E+06
2.045E-01 3.003E+06 2.095E-01 2. 755E+06
2. 145E-01 2.533E+06 2.196E-01 . 2..334E+06
2.246E-01 2. 154E+06 2.296E-01. 1.993E+ 06
2.347E-01 1.846E+06 2.397E-01 1..714E+06
2. 447E-01 1,59 4E+06 2.498E-01 1. 482E+06
2.548E-01 1.375E+06 2.598E-01 1..277TE+06
2.648E-01 1..188E+06 2.698E-01 1.107E+06 .
2.749E-01 1.032E+06 2.799E-01 9. 645E+05
2.849E-01 3.021E+05 1.000E+00 1. 000E+00
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TEMPERATURE AGITATION RATE  SUPERS ATURATION

A RESIDENCE TINE
2. SCOE+ 01 1. 700E+02 2.466E+03 9.500E-01
POP. AT 0
" 2.273E+08
WELGHT_X SCREEN SIZE AD . %_CUNULATIVE WEIGHT
1. 451E+00 1.060E-01 . 6.901E+01
Se. 430E-01 . 1. 500 E-01 9.483E+01 .
3. 400E-02 1.800E-01 9.645E+01 .
4, 110E-02 2 500E-01 . 9,841E+01
. 3+.350E-02 2. 970E- 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1+030E-01 3.510E+07 1.081E-01 . 3.012E+07
1.133E~01 2.605E+07 1.184E-01 2. 268E+07
1.235E-01 1.988E+07 1..286E-01 1.753E+07
1.337E-01 1.553E+407 1.388E-01 1. 383E+07
1.438E-01 1..237E+07 1. 489E~01 1.+ 105E¢07
1.540E-01 9.693E+06 1.590E-01 . 8. 540E+06
1.641E-01 7. 556E+#06 1.692E-01 6.711E+06
1. T42E-01 5.983E+06 1.793E-01 . 5. 350E+06
1.843E-01 4.795E+06 1.894E-01 4.310E+006
1.944E-01 3.886E+06 1.994E-01 3.512E+06
2.045E-01 3. 183E+06 2.095E-01 . 2. 892E+06
2+ 145E-01 2.63U4E+06 2.196E-01 2. 404 E+06
2.2U46E-01 2. 199E+06 2. 296E-01 2.015E+006
2.347E-01 1.851E+06 2.397E-01 1. 703E+06
2.447E-01 1. 569E+06 2.498E-01 1. 449E+06
2.548E-01 1..340E+06 2.598E-01 . 1. 242E+06
2.648E-01 1..152E+06 2.698E-01 1.071E+06
2.749E-01 9.961E+05 2.799E-01 9. 282E+05
2.849E-01 8.,659E+05 1.000E+00 1..000E+00
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TEM?ERATURET BESIQE&CE-Tiﬂﬁ.- AGITATION RATE gggg;gg_gggg;gg
2. 5C0E+01 1.700E+02 2.466E+03 8.230E-01
POP. _AT 0
2.278E+08
HWEL GHT_X SCREEN_SIZE_AD % COMULATIVE WEIGHT
8. C52E- 01 1.060E-01. 7.871E+01
1. 582E-01 1..500E-01 9.417E+01
2. 480E-02 1.800E-01 9.660B+01
1. 980E-02 2.500E-01. 9,853E+01
1..500E- 02 2.970E- 01 1.060E+02
CRYSTAL SIZE POPULATION DENSITY. CRYSTAL .SIZE PRORULATION DENSITY
1.030E-01 3.651E+07 1.081E-01 . 3.072E+07
1.133E-01 2.608E+07 1.184E-01 2. 233E+07
1.235E-01 1.925E¢07 1.286E-01 1. 671E+07
1.337E-01 1.460E+07 1.388E-01 1. 282E+07
1.438E-01 . 1..132E+07 . 1. 489E-01 1. 001E+07
1.540E-01 8.79IUE+06 1.590E-01. 7. 759E+06
1.641E-01 6.875E+06 1.692E-01 . 6. 315E+06
1.742E-01 5.459E+06 1.793E~-01 4.887E+06
1.843E-01 4.379E+06 1.894E-01 3.937E+06
1.944E-01 3.549E+06 1.994E-01. 3..208E+06
2.045E-01 2.907E+06 2.095E-01 2.642E+06
2. 145E-01 2.406E+06 2.196E-01 2. 196E+06
2.246E-01 2.008E+06 2.296E-01 . 1.841E+06
2.347E-01 1.690E+06 2.397E-01 1..555E406
2.447E-01 1.433E+06 2.498E-01 1.323E+06
2.548E-01 1.224E+06 . 2.598E-01 1. 134E+06
2.648E-01 1.052E+06 2.698E-01 . 9.770E+05
2.749E-01 9.090E+05 2.799E-01. 8. 469E+05
2.849E~01 7.900E+05 1.000E+00 1.000E+00



BESIDENCE TIME  AGITATION RATE  SUPERS ATURATION

TENPERATURE SUPERS ATURATION
2. 500E+ 01 1.700E+02 2.466E+03 7.000E-01
POP. _AT 0
1.6 14E+08
WEIGHT X SCREEN_SIZE AD % CUMULATIVE WEIGHT
4. 747E-01 1. 060E- 01 5.297E+01
2.284E-01 1.500E-01 7.845E+01 .
6. 220E-02 1.800E-01 8.539E+01 .
7.580E-02 2. 500E-01 . 9. 385E+01
5.510E-02 2.970E- 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL_SIZE PORULATION DENSITY

1.030E-01 2.818E+07 1.081E-01 . 2.446E+07
1.133E-01 2.138E+07 . 1. 184E-01 1..880E+07
1.235E-01 1.663E+07 1.286E-01 1.478E+07
1.337E-01 1.320E+07 1.388E-01 1. 183E+07
1.438E-01 1.065E+07 1.489E-01 . 9.585E+ 06
1.540E-01 8.508E+06 1.590E-01 7.583E+06
1.641E-01 6.786E+06 1.692E-01 6. 095E+ 06
1.742E-01 5.493E+06 1.793E-01 4.961E+06
1.843E-01 4. 471E+06 1.894E-01 4.D41E+ 06
1.944E-01 3.663E+06 1.994E-01 3. 330E+06
2.045E-01 3.034E+06 2.095E-01 2.771E+06
2.145E-01 2.537E+06 2.196E-01 2. 328E+06
2.246E-01 2. 141E406 2.296E-01 1.972E+06
2.347E-01 1.820E+06 2.397E-01 1..683E+06
2.44TE-01 1.559E+06 2.498E-01 1. 447E+06
2.548E-01 1.346E+06 2.598E-01 1.253E+06
2.648E-01 1. 169 E+06 2.698E-01 1.091E+06
2.749E-01 1.021E+06 2.799E-01 . 9.558E+05
2.849E-01 . 8.962E+05 1.000E+00 1. 000E+00



IEMPERATURE BESIDENCE TIME  AGITATION RATE
2. S00E+01 1.700E+02 1.926E+03
POP. AT 0 -
2.326E+08
HELGHT X SCREEN SIZE_AD % CUMULATIVE WEIGHT
1..447E+00 1. 060E-01.  6.926E+01
5.321E-01 1.500E-01 9.473E+01
4. 130E~-02 1.800E-01 9.670E+01 .
3.830E-02 2.500E-01. 9.854E+01
3. 060E-02 2.970E- 0t 1.000E+02

CRYSTAL SIZE PGPULATION DENSITY

CRYSTAL SIZE POPULATION DENSITY

1.030E-01
1.133E-01
1.235E-01
1.337E-01
1.438E-01

1.540E-01

1.641E-01
1.742E-01
1.843E~01
1.944E-01
2.045E-01
2. 145E-01
2. 246 E-01

2.347E-01

2.447-01

2.548E-01
2.648E-01
2. 743E-01

2.849E-01

3.600E+07
2.668E+(G7
2.034E+07
1.587E+07
1. 263E+07
9.901E+06
7.728E+06
6.127E+0§
4.912E4+06
3.980E+06
3.260E+06
2.637E+06
2.251E406
1.89“3;06
1.606E+06
1.371E+06
1. 178 E+06 .
1.019E+06

8.852E+05

1. 08 1E- 01

1.184E-01 .

' 1.286E-01
1.388E-01

1. 489E- 01

1.692E-01

1.793E-01

1.894E-01 .

1.994E-01

2.095E-01.

2.,196E-01
2. 296E-01
2.397E-01

2.498E~01 .

2.598E-01

2.799E-G1

1. 000E+00

 3.087E+07

2. 322E+07
1.792E+07
1. 413E+C7
1.128E+07
8. 730E+06
6. 869E+06
5.481E+06
4.415E406
3. 597E+06
2.962E+06
2.U61E+06
2.063E+06
1. T43E+C6
1.483E+ 06
1. 270E+06
1.095E+ 06
9. 489E+05

1.0008+#00



TEMPERATURE RESIDENCE TIME  AGITATION RATE  SUPERS ATURATION

2. 500E+ 01 1. 700E+02 1.926E+03 8.230E-01
POP. AT 0
2.260E+08
WEL GHT X SCREEN SIZE AD % CUMULATIVE WEIGHT
1. 188E+00 1.060E-01 . 7.304E+01
3.350E-01 1.500E=0 1 9.365E+01
4. 850E=02 1.800E-01 9.663E+01.
3. 840E-02 2.500E-01 9.899E+01
1. 640E-02 2.9708-01 . 1.000E+02

CRYSTAL SIZE PQPULATION. DENSITY CRYSTAL .SIZE POPULATION DENSITY

1.030E-01 3.592E+07 1.081E-01 3.051E+07
1.133E-01 2.614E+07 1.184E-01 . 2. 257E+07
1.235E-01 1.962E+07 1.286E-01 1. 716E+07
1.337E-01 1.510E+07 1.388E-01 1.335E+07
1.438E-01 1.187E+07 1.489E-01 1.055E+ 07
1.540E-01 9.281E+06 1.590E-01 8. 198E+06
1.641E-01 7.271E+06 1.692E-01 6. 473E+06
1.7428-01 5.784E+06 1.793E-01 5. 183E+06
1.843E-01 4.646E+06 1.894E-01 4.177E+ 06
1.944E-01 3.767E+06 1.994E-01 3. BO6E+06
2.045E-01 3.088E+06 2.095E-01. 2.807E+06
2. 145E-01 2.557E+06 2.196E-01 2. 334E+06
2.2u6E-01 2.136E+06 2. 296E-01 1.958E+ 06
2.347E-01 1.739E+06 2.397E-01 1..655E+06
2.447E-01 1.526E406 2.498E-01. 1.409E+06
2.5U8E-01 1.303E406 2.598E-01 1. 206E+06
2.648E-01 1.118E+06 2.698E-01 1.038E¢ 06
2.745E-01 9.657E+05 2.799E-01 8.992E+05
2.849E-01 8. 3B4E+05 1.000E+00 1. 000E+00



150

TEMPERATURE AGITATION BATE  SUPERS ATURATION

RESIDENCE TIMNE ATE
2. S00E+ 01 1.700E+02 1.926E+03 7.000E-01
POP. AT 0O
8.942E+07
WEL GHT. X SCREEN SIZE AD % _CUMULATIVE WEIGHT
4. 174E~ 01 1.060E-01 . 2.637E+01
6+ 836E-01 1.500E-01 6.955E+01
2.915E-01 1.800E-01 8.796E+01
1.321E-01 2.500E-01 9,630E+01
5.850E-02 2.970E- 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY

CRYSTAL. SIZE PROPULATION DENSITY

1.030E-01 1.415E+07 1.081E~01 1. 382E+07
1.133E-01 1.328E+07 1.184E-01. 1. 264E+07
1.235E-01 1. 195E+07 1.286E-01 . 1.125E+07
1.337E-01 1.056E+07 1.388E-01 . 9.897E+06
1.438E-01 9.265E+06 1. 489E-01 . 8.623E+06
1.540E-01 7.873E+06 1.590E-01 7. 207E+06
1.641E-01 6.6 14E+06 1.692E-01. 6. 085E+06
1. 742E-01 5.610E+06 1.793E-01 5. 155E+06
1.843E-01 4.644E+06 1.894E-01 4.197E+06
1.944E-01 3.803E+06 1.994E-01 . 3. 456E+06
2.045E-01 3. J48E+06 2.095E-01 2.875E+06
2.145E-01 2.632E+06 2.196E-01 2. 414E+06
2.246E-01 2. 219E+06 2.296E-01 . 2.044E+06
2.347E-01 1.886E+06 2.397E-01 1. TU4E+06
2.447E-01 1.615E+06 2.498E-01 1. 497E+06
2..548E-01 1.388E+06 2.598E~01 1. 289 E+06
2.648E-01 1. 199 E+06 2.698E-01 1.117E+06
2.749E-01 1.041E+06 2.799E-01 9.726E+05
2.849%8E-01 9.,094E+405 1.000E+00 1.000E;00



151

TEMPERATURE RESIDENCE TIME  AGITATION RATE SUPERSATURATION

2. SCO0E+01 1.700E+02 1.260E+03 9.500E-01
POP. AT O
2.012E+08
WELGHT X SCREEN_SIZE AD % CUMULATIVE WEIGHT
7.016E-01 1. 060E-01 . 6.566E+01
2.616E-01 1.500E-01. 9.014E+01
3. 570E- 02 1.800E-01 9.348E+01
4..000E-02 2. 500E-01 9.722E+01
2.970E- 02 2. 970E~ 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL .SIZE POPULATION DENSITY

1.030E-01 3.229E+07 1.081E-01 . 2.770E+07
1.133E-01. 2.395E407 1..184E-01 . 2. 086E+07
1.235E-01 1.828E+07 1.286E-01 . 1.611E+07
1.337E-01 1.428E+07 1.388E-01. 1.271E+07
1.438E-01 1.137E407 1. 489E-01 1. 016E#+ 07
1.540E-01 8.9U43E+06 1.590E-01. 7.905E+06
1-641E-01 7.017E+06 1.692E-01 6. 253E+06
1.742E-01 5.592E+06 1.793E-01 5.015E+06
1.843E-01 4.500E+06 1..894E-01 4.051E+06
1.944E-01 3.657E+06 1.994E-01 3. 311E+06
2.045E-01 3.005E+06 2.095E-01 2.734E+06
2.145E-01 2.493E+06 . 2.196E-01 2. 279E+06
2.246E-01 2.087E+06 2.296E-01 1. 915E+ 06
2.347E-01 1.76 1E+06 2.397E-01 1. 623E+06
2.447E~01 1.497E+06 2.498E-01 1. 384E+ 06
2.548E-01 1.282E+06 2.598E-01 1..189E406
2.648E-01 1.105E+06 2.698E-01 1. 028E#+06
2.749E-01 9.580E+05 2.799E-01 8.937E+05
2.849E-01 8. 349 E+05 1.000E+00 1.000E+00



152

RESIDENCE TIME  AGITATION RATE  SUPERS ATUBATION

TEMPERATURE.
2. 5COE+01 1..700E+02 1.260E+03 8.230E-01
BOP. AT O
1.079E+08
HELGHT_X SCREEN _SIZE AD % _CUMULATIVE WEIGHT
5.581E~-01 1.060E-01 . 4.813E+01
2.131E-01 1.500E-01 6.651E+01
1..965E-01 1. 800E-01 8.346E+01
1.585E~01 2.500E-01 9.713E+01 .
3.330E-02 2.970E- 01 1.000E+02

 CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01
1.133E-01
1.235E-01
1.337E-01
1.438E-01
1.540E-01
1.681E-01
1.742E-01
1.843E-01
1.944E-01
2.045E-01
2. 145E-01
2.246E-01
2.347E-01
2.447E-01
2.548E-01
2.648E-01
2.749E-01

2.849E-01

2. 214E+07
1.646E+(7
1..258E+07
9.838E+06
T7.BU44E+06
6. 440E+06
5.395E406

4.565E+06

3.798E+06 -

3. 140E+06
2.623E+406
2.212E+Cb
1.881E+06
1.612E+06
1.391E+06
1.198E+06
1.033E+06
8.957E+05

7.808E+05

1. 081E-01 .

1.286E-01 .

1.388E-01

1. 489E-01

1.590E-01

1.894E-01 .

1099“E"0’ .

2.095E-01

2.196E-01 .

2.296E-01
2.397E-01
2.498E-01
2.598E-01
2.698E-01

2.799E-01

1.000E+00 -

1. 901E+07
1. 434E+07
1« 109E+07
8. 765E+06
7+ 064E+06
5. 886E+06
4,3957E+06
4. 195E+06
3. 44 SE+ 06
2.866E+06
2. 406E+06
2.038E+06
1.740E+06
1. 496E+06
1..294E+06
1. 112E+06
9.613E+05
8. 358E+05



153

TEMPERATURE RESIDENCE TIME  AGITATION RATE SUPERSATURATION

2. 5COE+ D1 1.700E+02 1.260E+03 7.000E-01 .
POP. _AT_0
1.945E+08
WEIGHT X SCREEN SIZE 2D  %_CUMULATIVE WEIGHT
1. 1588+ 00 1.060E~ 01 5.852E+01
6. 348E-01 1. 500E~-01 9. 061E+01
8.3CC0E~-02 1.800E-01 9.48§E+01 
6.440E-02 2.500E-01 9.8063f01.
3. 830E~-02 2.970E-01 1.000E#+02

CRYSTAL SIZE POPULATION DENSITY

1.030E-01 3.017E+07 1.081E- 01 2.638E+07
1.133E-01 2.321E+07 1.184E-01 2. 053E+07
1.235E-01. 1.825E407 1.286E-01 1.629E+07
1.337E-01 1.461E+07 1.388E-01. 1.316E+07
1.438E-01 1..189E407 1. 489E-01 1.071E+07
1.540E-01 9.443E+06 1.590E~01 8. 360E+06
1.661E-01 7.431E406 1.692E-01 6+ 632E+06
1.742E-01 5.939E+06 1.793E-01 . 5.332E+06
1.8438-01 . 4.783E+06 1. 894E-01 4.304E+ 06
1.944E-01 3.884E+06 1.994 E-01 3. 514E+06
2.045E-01 3. 188E+06 2.095E-01 2. 900E+06
2.145E-01 2.643E+06 2.196E-01 2. 415E+06
2.206E-01 2.211E+06 2. 296E-01 2.028E+06
2.347E-01 1.865E+06 2.397E-01 1. 717E+06
2.447E-01 1.58 4E+06 2.498E-01 1.464E+06
2.548E-01 1.354E+06 2.598E-01 1. 255E+06
2.648E-01 1.165E+06 2.698E-01 1. 083E+06
2.749E-01 1.008E+06 2.799E-01. 9. 397E+05
2.849E-01 8.770E+05 1.000E+00 1..000E+ 00



154

TEMPERATURE RESIDENCE TIME AGITATION_ RATE SUPERS ATURATION

2. SCOE+ 01 2. 350E+02 2.466E+03 9.500E-01
POP. AT 0
2.467E+08
WELGHT X ' SCREEN_SIZE_AD % CUMULATIVE WEIGHT -

2.008E+00 1.060E-01 7.224E+01 .

6.669E-01 . 1.500E~01 9.52UE+01

4, 580E-02 1.800E-01 9.788E+01

4o 450E-02 2.500E-01 . 9.949E+01

1.430E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION_ DENSITY CRYSTAL.SIZE POPULATION DENSITY

1.030E-01 3.808E+07 1. 08 1E- 01 3.253E+ 07
1.133E-01 2.801E+07 1. 184E-01 2. 430E+07
1.235E-01 2..122E+07 1.286E-01 1.86U4E+07
1.3378-01 1.647E+07 1.388E-01 . 1. 462E+07
1.438E-01 1.304E4+07 1.489E-01 1.162E+07
1.540E-01 1.019E+07 1.590E-01 8. 983E+06
1.641E-01 7.948E+06 1.692E-01. 7. 059E+06
1. T42E-01 6.293E+06 1.793E-01. 5.627E+06
1.843E-01 5.041E+406 1.894E-01 4.531E+06
1.944E-01 4.083E+06 1.994E-01 3. 690E+06
2.045E-01 3.344E+06 2.095E-01 3.037E+06
2. 145E-01 2.765E+06 2.196E-01. 2. 523E+06
2.246E-01 . 2..307'E+66 2. 296E-01 . 2. 114E+06
2.347E-01 1.941E+06 2.397E-01 1. 785E+06
2.447E-01 1.645E+06 2.498E-01 1. 518E+06
2.548E-01 1.402E+06 2.598E-01 1. 298E+06
2.6UBE-01 1..203E+06 2.698E-01 1.116E+06
2.749E~-01 1.037E+06 2.799E-01 9.655E+05
2.849E-01 8.998E#05 1.000E+00 1. 000E+00



155

TEMEERATURE RESIDENCE TIME  AGLITATION RATE  SUPERS ATURATION

2. SCOE+ 01 2.350E+02 2.466E+03 8.230E-01
POP. AT 0
1.535E+08
WELGHT - X SCREEN SIZE_AD % CUNULATIVE WEIGHT
1.181E+00 1..060E- 01 5.414E+01
5.916E-01 1.500E-01 8.127E+01
2. 331E-01 1.800E-01 . 9.196E+01 .
1..366E-01 2. 500E-01 9.822E+01
3. 880E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL _SIZE PORULATION DENSITY

 1.030E-01 2.619E+07 1.081E-01 2.278E+ 07
1. 133E-01 1.995E+07 1. 184E~-01 . 1. 757E+07
1.235E-01 1.556E407 1.286E-01 1. 385E+07
1.337E-01 1.239E+07 1.38BE-01 1. 112E+07
1.438E-01 1.002E+07 1. 489E- 01 9.039E+06
1.540E-01 8.079E+06 1.590E-01 7. 250E+06
1.641E-01 6..530E+06 1..692E- 01 5.902E+ 06
1.742E-01 5.352E+06 1.793E-01 4.854E+06
1.843E-01 4.365E+06 1.894E-01 3.937E+06
1.944E-01 3.561E+06 1.994E-01 3. 230E+06
2.045E-01 2.937E#06 . 2.095E-01 . 2.677E+06
2. 145E-01 . 2.446E+06 2.196E-01 2. 240E+06
2.246 E-01 2.055E+06 2.296E-01 1.890E+06
2.347E-01 1.741E+06 '2-3973-01. 1..607E+06
2.447E-01. 1.486E#06 2.498E~01 1.375E+ 06
2.548E-01 1.272E+06 2.598E-01. 1..179E+06
2.648E-0Y 1.094E+06 2.698E-01 1.017E+06
2.749E-01 9.465E+05 2.799E-01 84 820E+05
2.849E-01 8. 231E+405 1.000E+00 1. 000E+00



156

TEMPERATURE RESIDENCE TIME  AGITATION RATE SUPERS ATURATION

2.5C0E+01 2.350E+02 2.466E+03 7.000E-01 .
POP. _AT_O
1.213E+08
WEIGHT X SCREEN_SIZE_AD % CUMDLATIVE WEIGHT
7.856E~01 1. 060E- 01 2.845E4¢01
1.596E+00 1.500E~01 8.623E+01
2..318E-01 1.800E-01 9.463E+01
1. 203E-01 2.500E-01. 9.898E+01
2.810E-02 2.970E-01 . 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL _SIZE POPULATION DENSITY

1.030E-01 1.555E407 1.081E-01 1.575E¢ 07
1.1338-01 1.554E+07 1.184E-01 1. 508E+07
1.235E-01 1. 447E+07 1.286E- 01 1.379E+07
1.337E-01 1.307E+07 1.388E-01 1.235E+07
1.438E-01 1.164E¢07 1.489E-01 1. 082E+07
1.540E-01 9.621E+06 1.590E-01 8. 587E+06
1.641E-01 7.695E406 1.692E-01 6. 921E+06
1.742E-01 6.245E+06 1.793E-01 5.641E+06
1.843E-01 5.065E+06 1.894E-01 4.561E+06
1.944E-01 4.120E+06 1.994E-01 3. 731E+06
2.0458-01 3.387E¢06 2.095E-01 3. 083E+06
2. 145E-01 2.813E+06 2.196E-01 . 2. 572E+06
2.286E-01 2.357E+06 2.296E-01 2. 164E+ 06
2.3478-01 1.990E+06 2.397E-01 1.834E+06
2.447E-01 1.694E¢06 2.498E-01 1. 566E+06
2.548E-01 1.447E+06 2.598E-01. 1..340E+06
2.648E-01 1.243E+06 2.698E-01 1. 1545+ 06
2.749E-01 1.073E8+06 2.799E-01 9.992E+05
2.839E-01 9.316E405 1.000E+00 1. 000E+00



. 15
TENPERATURE. RESIDENCE TINE  AGITATION RATE .§EE§.§A.T7.§.B§;T.E§§
2. 500E+01 2.350E+02 1.926E+03 9.500E-01
POP. AT 0
1.963E+08
WELGHT X SCREEN SIZE_AD % CUMULATLYE WEIGHT
1. 581E+00 1.060E-01 5.630E+01
1..026 E+00 - 1. 500E-01 9.285E401 .
7. 380E-02 1.800E-01 9.548E+01 .
8.090E-02 2.500E-01 9.836E+01
4.600E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION_ DENSITY CRYSTAL SIZE PRORULATION DENSITY

1.030E-01 2.940E+07 . 1.081E-01 .  2.598E+07
1.433E-01 2.307E+07 1.184E~01 2. 058E+07
1.235E-01 1.843E407 1.286E-01. 1.657E+07
1.337E-01 1.495E+07 1.388E-01 1. 354E+07
1.438E-01 1..230E407 1. 489E-01 1.111E+07
1.540E-01 9.766E+06 1.590E-01 8.621E+06
1.641E-01 7.642E406 1.692E-01 6. BODE* 06
1. 742E-01 6.072E+06 1.793E-01 5.439E+06
1.843E8-01 4.878E+06 1.894E-01 . 4.388E¢ 06
1.944E-01 3.958E+06 1.994E-01 3. 581E+06
2.045E-01 3. 2U8E+06 2.095E-01 2. 953E+06
2.145E-01 2.691E+06 2.196E-01. 2.458E+06
2.246E-01 2.250E+06 2. 296E-01 2. 063E+06
2.3487E-01 1.896E+06 2.397E-01 . 1. T45E+06
2.447E-01 1.610E4+06 2.498E-01 1.487E+06
2.548E-01 1.376E+06 2.598E-01 1..275E+06
2.648E-01 1..18 3E+06 2.698E-01 1.099E+06
2.749E-01 1.023E+06 2.799E-01 9. 529E+05
2.849E-01 8.890E+05 1.000E+00 1. 000E+00



TEMPERATURE RESIDENCE TIME  AGITATION RATE  SUPERS

N_RBATE PERS ATURATION
2. 5C0E+01 2.350E+02 1.926E+03 8.230E-01
POP, AT 0O
1.972E+08
WELGHT. X SCREEN_SIZE AD % _CUMULATIVE WEIGHT
1. S4CE+00 1.060E-01 6.155E+01
7.957E-01 . 1.500E-01 9.335E+01
8. 64OE- 02 1.800E-01 9.680E+01 .
5.560E-02 2. 500E-01 9.902E+01 .
2. 450E- 02 2.970E- 01 1.000E¢02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL_SIZE ROPULATION DENSITY

1.030E-01 3.011E¢07 1. 08 1E-01 2.624E+07
1. 133E-01 2.301E+07 1.184E-01 . 2. 029E+07
1.235E-01 1.800E+07 1.286E-01 1. 604E+07
1.337E-01 1.435E+07 1.388E-01 . 1. 290 E+07
1.438E-01. 1. 16 4E+07 1. 489E-01 1.047E+07
1.540E-01 9.212E+06 1.590E-C1 8. 143E+06
1.641E-01 . 7.228E+06 1.692E-01 6.440E+06
1. T42E-01 5.760E+06 1.793E-01 5. 164E+06
1.843E-01 4.629E+06 1.894E-01. 4.161E+06
1.944E-01 3.752E+06 1.994E-01. 3. 393E+06
2.045E-01 3.075E406 2.095E-01 2. T95E+06
2. 145E-01 2.546E+06 2.196E-01 2.324E+06
2.246E~01 2. 126 E+06 2.296E-01 1. 949E+06
2.347E-01 1.790E+06 2.397E-01 1. 647E+06
2.447E-01 1.518E+06 2.498E-01 1. 402E+06
2.548E-01 1.296E+06 2.598E~01 . 1. 200E+06
2.648E-01 1.112E+06 2.698E-01 1.033E+06
2.749E-01 9.606E+05 2.799E-01 8. 945E+05
2.849E-01 8.339E+05 1.000E+00 1. 000E+00
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RESIDENCE TIME  AGITATION RATE  SUPERS ATURATION

IEMPERATURE
. 500E+ 01 2.350E+(2 1.926E+03 7.C00E-01
POP. AT 0
1.001E+08
HEL GHT X SCREEN SIZE_AD. % _CUMULATIVE WEIGHT
6. 981E-01 1.060E-01 2.865E+01
1. 117E+00 - 1..500E-01 7. 448E+01
3.950E-01 1.800E-01 9.068E+01
1.935E-01 2.500E-01 9.863E+01
3..350E- 02 2.970E-01 . 1.000E+02
CRYSTAL SIZE PQOPULATION DENSITY  CRYSTAL_.SIZE POPULATION DENSITY
1.030E-01 1.528E+07 . 1.081E-01 1.486E+07
1.133E-01 1.425E+07 . 1. 184E-01 1..353E+07
1.235E-01 1. 277E+07 1.286E-01 1. 201E+07
1.337E-01 1.126E+07 1.388E-01 1..054E+07
1.438E-01 9.861E406 1.4898-01 9.159E+06
1.540E-01 8.300E+06 1.590E-01 7. S546E+06
1.64 1E-01 6.88 1E406 1.692E-01 6.293E+06
1.742E-01 5.770E+06 1.793E-01 5.279E+06
1.843E-01 4,754 E+06 1.894E-01 . 4.294E+ 06
1.944E-01 3.889E+06 1.994E-01 3. 532E+06
2.045E-01. 3.216E406 2.095E-01 2.935E+06
2. 145E-01 2.686E+06 2.196E-01 2. U6 2E+06
2.246E-01 2.262E¢06 2.296E-01. 2.083E+06
2.347E-01 1.921E+06 2.397E-01 1. 775E+06
2.447E-01 1.643E+06 2.498E-01 1.522E+06
2.548E-01 1.408E+06 2.598E-01 1. 304E+06
2.648E-01. 1. 210 E+06 2.698E-01 1. 124E+ 06
2.749E-01 1.045E+06 2.799E-01 . 9.7393*05
2.849E-01 . 9.084E+05 1.000E+00 1. 000E+00
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TENPERATURE g§§IDE§cg_z;g§ gsxTATioﬁ RATE  SUPERS ATURATION
2. 5C0E+ 01 2.350E+02 1.260E+03 9.500E-01
POP. AT 0
1.373E+08
WELGHT_X SCREEN_SIZE_AD % . CUMULATIVE WEIGHT
5.990E-01 1.060E=-01 3.901B+01 .
7.863E-01 1..500 E-0 1 9.021E401 .
8. 810E-02 1.800E-01 9.594E+01 .
4.B800E-02 2.500E-01 9.907E+01 .
1. 430E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL _SIZE POPULATION DENSLITY

1.030E-01 1.886E+07 1.081E~-01 1.784E#+ 07
1..133E-01 1.675E+07 1. 184E-01 1. 565E+07
1.235E-01 1.458E+07 . 1.286E-01 . 1. 356E+07
1.337E-01 1.260E+07 . 1.388E-01 1. 171E+07
1.438E-01 1.088E+07 1.489E-01 1. 001E+07
1.540E-01 8.849E+06 1.590E-01 7.856E+06
1.641E-01 . 7.003E406 1.692E-01 6. 266E+06
1. 742E-01 5.627E+06 1.793E-01. S.062E+06
1.843E-01 4.540E+06 1.894E-01 4. 085E+ 06
1.944E-01 3.686E4+06 1.994E-01 3. 335E+06
2.045E-01  3.025E¢06 2.095E-01 2. 751E+06
2. 145E-01 2.507E+06 2.196E-01 2.290E+06
2.246E-01 2.097E+06 2. 296E-01 1.923E+06
2.347E-01 1. 76 8E+06 2.397E-01 1. 628E+06
2.447E-01 1.50 1E406 2.498E-01 1.387E+06
2.548E-01 1.282E4+06  2.598E-01. 1. 187E+06
2.648E-01 . 1..100 E+06 2.698E-01 1. 022E+06
2.749E-01 9.501E+405 2.799E-01 8. BUGE+0S
2.849E-01 8.2U7E+05 1.000E+00 1. 000E+ 00
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TEMPERATURE RESIDENCE_TIME AGITATION RATE SUPERS ATURATION

2. 5C0E+ 01 2.350E+02 1.260E+03 8.230E-01
POP. AT O
2.027E+08
WELGHT X SCREEN SIZE AD % _CUNULATIVE WEIGHT
8. 211E-01 1.060E-01 . 6.443E+01
3.717E-01 1.500E~01 9.359B+01
3.620E-02 1.800E-01 9-643E+01
2.910E-02 2.500E=-01. 9.871E+01
1.640E-02 2.970E-01. 1.000E+02

CRYSTAL SIZE POPULATIGN DENSITY - CRYSTAL SIZE PORULATION DENSITY

1.030E-01 3. 122E+07 1.081E-01 2.702E+07
1.133B-01 2.355E+07 1.184E~01 2. 066E+07
1.235E-01 . 1.823E4+07 1.286E-01 1.616E+07
1.337E-01 1.441E+07 1.388E-01 . 1.290E+07
1.438E-01 1. 159E+07 1. 489E-01 1. 04 OE+ 07
1.540E-01 9.139E+06 1.590E-01 8.070E+06
1.641E-01 7.156E+06 1.692E-01 6.369E+06
1.742E-01 5.690E+06 1.793E-01 5.097E+06
1.843E-01 4.569E+06 1.894E-01 4.108E+06
1.944E-01 3.705E+06 1.994E-01 - 3..350E+06
2.045E-01 3.037E+06 2.095E-01 2.760E+06
2. 145E-01 2.514E+06 2.196E-01 2.295E+06
2.246E-01. 2.100E+06 2.296E-01. 1. 925E+06
2.347E-01 1.768E+06 2.397E-01 1. 627E+06
2.447E-01 . 1.500E+06 2.498E-01 1. 385E+06
2.548E-01 1.281E+06 2.598E-01 1. 186E+06
2.648E-01 1.100E+06 2.698E-01 1.022E+06
2.749E-01 9.505E+05 2.799E-01 . 8. 854E+05
2.849E~01 8.257E+05 1.000E+00 1.000E+00



RESIDENCE TIME  AGITATION RATE SUPERSATURATION

TEMPERATURE PER RA
2. 5C0E+ 01 2.350E+02 1.260E+03 7.000E-01
POP. AT 0
1. 058E+08
HEIGHT X SCREEN SIZE_AD % CUMULATIVE WEIGHT.
6.314E-01 1. 060E-01 2.819E¢01
1. 187E+00 1.500E-01 8. 118E+01
2. 178E-01 1.800E-01 . 9.090E+01
1.595E-01 2.500E-01 9.803E+01
- 4.420E-02 2.970E~- 01 1.000E+02
CRYSTAL SIZE PQPULATION DENSITY CRYSTAL_SIZE PORULATION DENSITY
1.030E-01 1. 455E+07 . 1.081E-01 1. 453E+ 07
1.133E-01 1.420E+07 1..184E-01 1. 368E+07
1.235E-01 1.306E+07 1.286E-01 1.239E+07
1.337E~01 1.170E+07 1.388E-01 1. 102E+07
1.438E-01 1.036E+07 1. 489E-01 9.630E+06
1.540E-01 8.591E+06 1.590E-01 7. 695E+06
1.641E-01 6.919E+06 1.692E- 01 6+ 2u3E+06
1.742E-01 5.652E+06 1.793E-01. 5. 120E+06
1.843E-01 4.608E+06 1.894E-01 4. 159E+ 06
1. 944E-01 3.765E+06 1.994E-01 . 3. 417E+06
2.045E-01 3. 109E+06 2.095E- 01 2.836E+06
2. 145E-01 2.593E+06 2.196E-01 2. 376E+06
2.246E-01 2. 182E+06 2.296E~01 2.008E+06
2.347E-01 1.851E+06 2.397E-01 1. 709E+06
2.447E-01 1.581E+06 2.498E-01 . 1. 465E+06
2.548E-01 1.355E+06 2.598E-01 . 1. 256E+06
2.648E-01 1. 166 E+06 2.698E-01 1. 084E+06
2.749E-01 1.009E+06 2.799E-01 '9.405E+05
2.849E-01 8.778E+05 1. 000E+00 1. 000E+00
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TEMPERATURE RESIDENCE TINE  AGILTATION RATE  SUPERS ATURATION.

7. 400E~-03

CRYSTAL SIZE POPULATION. DENSITY

1.030E-01
1.133E-01
1.235E-01
1.337E-01
1, 438E-01
1.540E-01
1.641E-01
1.742E~01
1.843E-01
1.944E-01
2.045E-01

2. 145E-01

2.246E-01

2.347E-01
2. 487801
2.548E-01
2.648E-01
2.749E-01

2.849E-01

2.864E+07
2,272E+07
1.830E+07

1.494E+07

1. 235E+07

8.797E+06
7.625E+406
G.OZSE;OG
4,824 E+06
3.903E+06
3. 194E+06
2.639E+06
2. 200 E+06
1.849E+06
1. 56 6E+06
1.334E+06
1. 144 E+06
9.869E+G5

8.559E+05

- — e . . s i i oo e

1.081E-01
1.184E-01
1.286E-01
1.388E-01
1. 489E-01
1.590E-01
1.692E-01
1.793E-01 .
1.894E-01
1.994E-01
2.095E-01
2.196E-01
2.296E-01
2.397E-01
2.498E-01
2.598E-01
2.698E-01
2.799E-01 .

1. 000E+00

2. SCOE+ 01 3.800E+02 2.466E+03 9.500E-01
POP, _AT_O
2.000E+08
WEL GHT_X SCREEN_SIZE_AD % CUMULATIVE WEIGHT

8. 966E-01 | 1.060E-01 5.712E+01

6.313E-01 1.500E-01 9,733E+01

1. 870E~-02 1.800E-01 9.852E+01 .

1. 580E~02 2.500E-01 9.953E+01
2.970E- 01 1.000E+02

2.546E+07
2. 035E407
1. 651E+07
1. 357E+07
1. 118E+07
8. 625E+006
6. 767E+06
5.386E+06
4.333E+06
3. 526E+06
2.900E+ 06
2.407E+06
2.015E+06
1. 700E+06
1.444E+06
1..235E+06
1.062E+06
9. 185E+05

1. 000E+00
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"AGITATION RATE

TEMEERATURE RESIDENCE TIME

SUPERS ATUBATION
2. 500E+01 3.800E+02 2.466E+03 8.230E~01
POP. _AT_0O
1.778E+08

WEL GHT X SCREEN SIZE_AD % cum0§gwlvg_gézsﬁf

'9.379E-01 1.060E-01 5.769E401 .

5.983E-01 1.500E-01 9. B49E+0T

4.4 10E-02 1.800E-01 9.721E+01.

2.820E-02 2.500E-01 . 9.894E+01

1. 720E- 02 2.970E-01 1.000E+02

CRYSTAL SIZE  POPULATION_ DENSITY - CRYSTAL SIZE POPULATION DENSITY

A i Sty e i i i o A i s b

1.030E-01 2.630E+07 1.081E-01 . 2.321E+07
1.133E-01 . 2.059E+07 1.184E-01 1..835E+07
1.235E-01 1.642E+07 1.286E-01 1.475E+07
1.337E-01 1.330E+07 1.388E-01 1. 204E+07
1.438E-01 1.093E+07 1. 489E-01 9.871E+06
1.540E-01 8.675E+06 1.590E-01 7. 658E+06
1.641E=01 6.789E+06 1.692E-01 6.041E+06
1.742E-01 5.395E+06 . 1.793E-01 . 4.832E+06
1.843E-01 4.329E+06 1.894E-01 . 3.891E+06
1.944E-01 3.507E+06 1.994E-01. 3. 170E+06
2.045E~01 2.873E+06 2.095E-01 2. 609E+06
2.145E-01 2.376E+06 2.196E-01 2. 168E+06
2.246E-01 1.983E+06 2.296E~-01. 1.817E+06
2.347E-01 1.668E+06 2.397E-01 1..535E+06
2.447E-01 1.4 14E+06 2.498E-01 1.305E+06
2.548E-01 1.207E+06 2.598E~-01 1. 117E+06
2.648E-01 1..036E+06 2.698E-01 9.622E+05
2.749E-01 8. 948E+05 2.799E-01 . 8. 333E+05
2.849E-01 7.770E+05 1.000E+00 1. 000E+ 00



RESIDENCE TIME  AGITATION BATE SUPERS

TENPEBATUEE TATION BATE ATURATION
2. 5008401 3.800E+02 2.466E+03 . 7.000E-01
POP, AT _0
1.880E+08
WELGHT X SCREEN SIZE AD  %_COUMULATIVE WEIGHT
1..044E+00 1. 060E=-01 5.214E+01 .
9. 049E-01 1.500E-01 9. 732E+01
1..920E- 02 1.800E-01 9.828E+01 .
1..910E-02 2.500E-01 . 9.923E+01 .
. 1..540E-02 2.970E-01 . 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL :SIZE POPULATION DENSITY

1.030E-01 2.615E207 1. 081E-01 2.364E+07
1.133E-01 2. 141E+07 1.184E-01 . 1.942E+07
1.2358-01 1.76 4E+07 . 1.286E-01 1.607E+07
1.337E-01 1.467E+07 1.388E-01. 1. 34 1E+07
1.438E-01 1. 229E+07 1. 489E-01 1. 118E+07
" 1.540B-01 9.794E+06 1.590E-01 8.619E+06
1.641E-01 7.6 17E+06 1.692E-01 6. 757E+06
1.742E-01 6.017E+06 1.793E-01 5.375E+06
1.843E-01 4.813E+06 1.894E-01 4.323E4+06
1.944E-01 3.894E+06 1.994E-01 3.518E+06
2.045E-01 3. 186E+06 2.095E-01 . 2.893E+06
2. 145E-01 2.632E+06 2.196E-01 2. 401E+06
2.246E-01 2. 194 E+06 2.296E-01 2.010E+ 06
2.347E-01 1.844E+06 2.397E-01 1. 695E+06
2.447E-01 . 1.56 1E+06 2.498E-01 1.440E+06
2.548E~-01 1.331E+06 2.598E-01 1..232E+06
2.648E-01 1. 142E+06 2.698E-01 1.060E+06
2.749E-01 9.859E+05 2.799E-01 . 9. 178E+05
2.849E-01 8.555E+05 1.000E+00 1. 000E+00
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SUPERS ATURATION

RESIDENCE TIME AGITATION RATE

2. 500E+01 3.800E+02 1.926E+03 9.500E-01
PQP. AT 0
1.635E+08
WELGHT X SCREEN SIZE AD % CUMULATIVE WEIGHT -
7.958E-01 1. 060E-01 4.430E+01
9.584E-01 1.500E-01 9.765E+01
1. 170E-02 1.800E-01 9.830E+01
1. 400E-02 2. 500E-01 9.908E+01 .
1. 650E- 02 2.970E-01 1.000E+02

CRYSTAL_ SIZE POPULATION DENSITY

CRYSTAL SIZE POPULATION DENSITY

1.030E-01 . 2. 145E+07 . 1. 08 1E- 01 2.007E+07
1.133E-01 1.868E+07 1.184E-01 1. 734E+07
1.235E-01 1.607E¢07 1.286E-01 1. 487E+ 07
1.337E-01 1.377E407 1.388E-01 1. 275E+07
1.438E-01 1. 182E+07 1. 489E-01 1. 083E+07
1.540E-01 9.481E+06 1.590E-01 . 8. 339E+06
1.641E-01 7.366E406 1.692E-01 6.531E¢06
1. 742E-01 5.812E+06 1.793E-01 5.190E+06
1.843E-01 4.647E+06 1.894E-01. 4. 173E+06
1.944E-01 3.759E+06 1.994E-01 . 3.395E+06
2.0458-01 3.074E+06 2.095E-01 2.791E4+06
2. 145E-01 2.539E+06 2.196E-01 2. 316E+06
2.246E-01 . 2.116E406 2.296E-01 1.938E+06
2.347E-01 1.778E+06 2.397E-01 1..635E+06
2.447E-01 1.505E406 2.498E~01 . 1.388E+06
2.548E-01 1.283E+06 2.598E-01 1. 188 E+06
2.648E-01 . 1..102E+06 2.698E-01 1.023E+06
2.749E~-01 9.511E+05 2.799E-01 8.856E+05
2.849E-01 8.256E+05 1.000E+00 1. 000E+00
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RESIDENCE TIME  AGITATION RATE  SUPERS ATUBATION

TEMPERATURE L L1ON_RAT
2. 500E+01 3. 800E+02 1.926E+03 8.230E-01
POP. AT 0
2.078E+08
RELGHT X SCREEN SIZE AD % _CUMULATIVE WEIGHT
1.061E+00 1.060E-01 7.004E401
3.542E-01 1.500E-01 9. JU2E+01 .
5. 020E-02 1.800E-01 . 9.674E+01
3.560E-02 2.500E-01 . 9.909E+01 .
1. 380E- 02 2.970E- 01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYISTAL .SIZE POPULATION DENSITY

1.030E-01 3.278E407 1.081E-01 . 2. 800E+ 07
1.1338-01 2<412E+07 1. 184 E-01 2.092E+07
1.235E-01 1.827E+407 1.286E-01 1. 606E+07
1.337E-01 1.419E407 1.388E-01 1. 260E+07
1.438E-01 1. 124E¢07 1. 489E-01 1. 002E+07
1.540E-01 8.818E+06 1.590E-01 7. 793E+06
1.641E-01 6.915E406 1.692E-01 . 6. 160E+06
1.742E-01 5.508E+06 . 1.793E-01 4.937E406
1.843E-01 4. 426E+06 1. 894E-01 3. 980E+ 06
1.944E-01 3.589E+06 1.994E-01 3. 245E+06
2.045E-01 2.942E406 2.095E-01 2.674E+06 .
2.145E-01 2.436E+06 2.196E-01 2.224E+06
2.246E-01 2.034E+06 2.296E-01 . 1.865E+ 06
2.347E-01 1.713E+06 2.397E-01 1..577E+06
2.447E-01 1.45UE+06 2.498E~01 1. 342E+06
2.548E-01 1.241E+06 2.598E-01 1. 148E+06
2.648E-01 1.065E+06 2. 698E-01 9.887E+05
2.749E-01 9.193E+05 2.799E-01 8. 559E+05
2.849E-01 7.980E+05 1.000E+00 1. 000E+00
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PERATURE - RESIDENCE_TIME

AGITATION RATE  SUPERS ATUBATION

IEN
2. SCOE+01 3. 800E+02
POP. AT 0
2.455E+08
WELGHT X SCREEN_SIZE_AD .
1. 296E+00 1.060E-01
4. 162E-01 1.500E-01 .
1. 450E- 02 1.800E-01
1.290E-02 2.500E-01
5.8C0E-03 2..970E- 01

% CUMULATIVE WEIGHT

CRYSTAL SIZE POPULATION DENSITY

T.4258+01
9.810E+01
9.893E+01
9.967E+01 .
1.000E+02

CRYSTAL .SIZE POPULATION DENSITY

1.030E-01 3.738E+07 .
1.133E-01 2.743E+07 .
1.235E-01 2.074E+07
1.337E-C1 1.606E+07

' 1.438E-01 1.270E+07 .
1.540E-01 9.907E+06
1.641E-01 7.701E+06
1.742E-01 6.080E+06
1.843E-01 4.862E+06

1.944E-01 3.933E+06
2.045E-01 3. 216E+406
2.145E-01 2.657E+06
24246E-01 2.214E406
2.347E-01 1. 860E+06
2.447E-01 1. 5T4E+06
2.548E-01 1.341E+06
2.648E-01 1. 150 E+06
2.749E-01 9.915E+05
2.849E-01

8.9596E405

1.081E-01 .
1.184E-01
1.286E-01.
1.388E-01
1. 489E- 01
1.590E-01
1.692E-01
1.793E-01
1.894E-01.
1,994 E-01
2.095E-01
2.196E-01 .
2.296E-01 .
2.397E-01

2.498E-01

'2.598E-01.

2. 698BE~-01
2.793E-01

1. 000E+00

3. 189E+07
2.377E+07
1. 820E+07
1. 425E+07
1. 131E¢07
8. 7T16E+06
6. 830E+06
5.430E+G6

4.367E+06

.3,552E+06

2.920E+06
2, 423E+06
2.027E+06
1. 710E+06
1..452E+06
1. 24 1E+0b
1.067E+06
9. 226E+05

1. 000E+00



TEMFERATURE RESIDENCE. TIME AGITATION RATE

..... AGITATION RATE  SUPERSATURATION

2. SC0E+ 01 3.800E+02 1.260E+03 9.500E~01

POP. AT O

1.869E+08
WEL GHT - X SCREEN_SIZE_AD % CUMULATIVE WEIGHT

6., 047E~-01 1. 060E- 01 5.483E+01 .
4, 481E~-01 1.500E-01 9,546E+01 .
2. 280E~-02 1.800E-01 9.752E+01 .
2. 080E~02 2. 500E-01 9.941E+01
6+ SCOE-03 2.970B~-01Y 1.000E+02

CRYSTAL .SIZE PORULATION DENSITY

CRYSTAL -SIZE  POPULATIOMN_ DENSITY

©1,030E-01 2.702E+07 1.081E- 01 2.411E+07
©1.133E-01 2.159E+07 1.184E~-01 1.940E+07
1.235E-01 1.748E+07 . 1.286E-01 1.581E+07 .
1.337E-01 1.434E+07 1.388E-01 1..304E+07
1.438E-01 1. 189E+07 1. 489E- 01 1..078E+07
 1.540E-01 9.461E+06 1.590E-01 8. 343E+06
1.641E-01 7.387E+06 1.692E-01. 6. 566E+06
1.742E-01 5.857E+06 1.7933—01, 5.201E+06
1.843E-01 4.697E+06 1.894E-01 4.221E+06
1.9qufoi 3.805E+06 1.994E-01 3. 4UOE+06
2.045E-01 3, 117E+06 2.095E-01 2. 832E+06
2.,145E-01 2.579E+06 2.196E-01 2.354E+06
2.246E-01 2.153E+06 2.296E-01 1.973E+06
2.347E-01 1.812E+06 2.397E-01. 1. 66TE+06
2.447E-01 1.536E+06 2.498E-01 1.418E+06
2.548E-01 1.310E+06  2.598E-01 1. 212E+06
2.648E-01 1. 124E+06 2.698E-01 . 1.0a33«ba
2.749E-01 9.695E+05 2.799E-01 9.023E+05
2.849E-01 8.409E+05 1.000E+00 1.000E+00
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TEMPERATURE

RESIDENCE TIME  AGLTATION. RATE SUPEgégggggggﬁﬁ‘
2. SC0E+ 01 3.800E+02 1.260E+03 8.23CE-01 .
POP. AT 0
2.096E+08
WEL GHT X SCREEN_SIZE AD % CUMULATIVE WEIGHT -

1. 0U6E+00 1. 060E-01 6.631E+01 .

4.460E-01 . 1.500E-01 9.458E+01

2. 880E- 02 1.800E-01 9.640E+01 .

4.170E-02 2.500E-01 9.904E+01

1..510E- 02 2.970E- 01 1.000E+02

CRYSTAL SIZE POPULATION._DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E~01 3.227E+07 1,08 1E-01 2.785E+ 07
1.1338-01 2.421E+07 1.184E-01 2. 119E+07
1.235E-01 1.865E+07 1.286E-01 1.651E+07
1.337E-01 1.468E+07 1.388E-01 1. 312E+07
1.438E-01 1. 178 E+07 1. 489E- 01 1.055E+07
1.5408-01 9.254E+06 1.590E-01 8. 15TE+06
1.641E-01 7.219E+406 1.692E-01 6.414E4+06
1. 742E-01 5.720E+06 1.793E-01 5. 117E+06
1.843E-01 . 4.588E+06 1.894E-01 4. 1275+ 06
1.944E-01 3.722E+06 1.994E~01 3. 366E+06
2.045E-01 . 3.053E+06 2.095E-01 . 2.775E+06
2. W45E~01 2.528E+06 2.196E-01 2. 309 E+06
2.246E-01 2. 113E+06 2.296E-01 1.937E+06
2.347E-01 1.780E+06 2.397E~01 1. 638E+06
2.447E-01 1.511E406 2.498E-01 . 1.395E+06
2.548E-01 1.290E+06 2.598E-01 1. 194 E+06
2.648E~01 1. 107E+06 2.698E-01 . 1. 028E+ 06
2.749E-01 9.559E+ 05 2.799E-01 8.901E+05
2.849E-01 8.298E+05 1.000E+00 1. 000E+ 00



TEMPERATURE

CRYSTAL SIZE POPULATION DENSITY

2« SC0E+ 01 3.800E+02 1.260E+03 7.000E-01
POP. AT 0
1.536E+08
WELGHT X SCREEN SIZE AD- % _CUBULATIVE WEIGHT
8. 665E-01 1.060E-01 . 4.299E+01.
1.018E+00 1.500E-01. 9.348E+01
9.1003—0; 1.800E-01 . 9.798E+07.
2.820E-02 2.500E~01. 9.939E+01
1..230E-02 2.970E~-01 . 1.000EBE+02

1.030E-01.

1. 133E-01
1.235E-01
1;3373-61
1.438E-01
- 1.540E-01

1.641E-01 .

1. 742E-01
1.843E-01
1.944E-01
2.045E~-01
2. 145B-01
2.2U46E-01
2.347E-01
2.447E-01
2.548E-01
2.648E-01
2.749E-01

2..849E-01

2.094E407

1.815E+07 .

1. 555E+07
1.330E+07

1..139E+07

9.209E+06
7..252E+406

5.799E+06
4.664E+06
3.776E+C6
3.091E+06
2.556E+06
2. 132E+06
1. 793E+06
1.519E+06
1.295E+06
1. 111E+06
9.584E+05

8. 314E+05

CRYSTAL .SIZE

1.081E-01
1.184E-01 .
1.286E-01

1.388E-01
1. 489E-01 .
1.590E~01

1.692E-01

1.793E8-01.
1.894E-01.
1.994E-01 .
2.095E-01
2.196E-01 .
2.296E-01

2.397E-01.

2. 498E~01

2.598E-01

2. 9698E-01 .
2,799E-01

1.000E+00

1. 954E+ 07
1..68 1E+07
1. 438E+07
1. 230E+07
1. 044E+ 07
8+ 155E+06
6. 4T4ES 06
5. 206 E+06
4.190E+06
3. 412E+06
2.807E+06
2.332E406
1. 953E+06
1. 649E+06
1.401E+06
1. 198 E+06
1. 031E+06
8.921E+05

1.000E+00

PORULATION DENSITY

———e



172

TEMEERATURE RESIDENCE TIME AGITATION RATE SUPERSATURATION

3.500E+ 01 1.700E+02 2.466E+03 9.500E-01
POP. AT 0
1.972E+08
WELGHT_X SCREEN SIZE_AD % CUMULATIVE WEIGHT
6. 229E-01 1.060E-01 5.636E+01
3.689E-01 1. 500 E-0 1 8. 974E+01
5.810E-02 1.800E-01 3.500E+01 .
4.220E-02 2.500E~01 9.881E+01
1.310E-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL :SIZE POPULATION DENSITY

3.068E+07

1.030E-01 1.081E-01 2.696E+07
1. 133E-01 2.381E407 1.184E-01 2. 114E+07
1.235E-01 1.885E407 1.286E-01 1.6B89E+07
1.337E-01 1.519E+07 1.38BE-01 1. 371E+07
1.438E-01 1. 24 1E+07 1. 489E-01 1.121E+07
1.540E-01 9.899E+06 1.590E-01 8. 78 1E+06
1.641E-01 7.822E+06 1.692E-01 6. 993E+06
1.742E-01 6.275E+06 1.793E-01 5. 642E+06
1.843E-01 5.063E+06 1.894E-01 4.558E+ 06
1.944E-01 4.115E406 1.994E-01 3.725E+06
2.0458-01 3.381E+06 2.095E-01 3. 076E+06
2. 145E-01 2.805E+06 2.196E-01 2.564E+06
2.246E-01 2.348E+06 2. 296E-01 2.155E+06
2.347E-01 1.982E+06 2.397E-01 1. 826E+06
2.447E-01 1.685E406 2.498E-01 1.557E+ 06
2.548E=-01 1.440E+06 2.598E-01. 1.333E+406
2.648E-01 1. 237E+06 2.698E-01. 1. 149E+06
2.749E-01 1.068E+06 2.799E-01 9. 949E+05
2.849E-01 9.278E+05 1.000E+00 - 1. 000E+00
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TEMPERATURE RESIDENCE TIME

AGITATION RATE SUPERSATURATION
3, SCOE+ 01 1.700E+02 2.466E+03 8.230E-01
POP. AT O
2.043E+08
WELGHT X SCREEN_SIZE AD % CUMULATIVE WEIGHT

6. 955E-01 1 060E-01 . 6.034E+01

3.770E-01 1.500E-01 . 9.305E+01

2.960E-02 1.800E-01 9.562E401 .

3. 160E-02 2.500E-01 9.836E+01

1.890E~-02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION_ DENSITY CRYSTAL .SIZE POPULATION DENSITY

1.030E-01 3.111E+07 1.081E-01 2.718E407
1.133E-01 2.390E+07 1.184E-01 . 2. 113E+07
1.235E-01 1.877E+07 1.286E-01 1.676E+07
1.337E-01 1.502E+07 1.388E-01 1. 352E+07
1.438E-01 1. 221E407 1. 489E-01 1. 099E+ 07
1.540E-01 9.661E+06 1.590E-01 8. 527E+06
1.641E-01 7.557E+06 1.692E-01 6. 72UE+06
1.742E-01 6.004E+06 1.793E-01 5. 37TE+C6
1.843E~01 4.822E+06 1.894E-01 3.337E+06
1.944E-01 3.912E+06 1.994E-01 3. 538E+06
2.045E-01 3.209E+06 2.095E-01 2.917E+06
2.145E-01 2.658E+06 2.196E-01 2. 428E+06
2.2U6E-01 2.222E406 2.296E~-01 2.038E+06
2.347E-01 1.872E+06 2.397E-01. 1..723E+06
2.447E-01 1.589E+06 2.498E-01 1.468E+06
2.548E-01 1.358E+06 2.598E-01 1.-258 E+06
2.648E-01 1.167E+06 2.698E-01 1.085E+ 06
2.749E-01 1.010E+06 2.799E-01 9. 4OTE+05
2.849E-01 8.776E+05 1.000E+00 1. 000E+00



TEMPERATURE RESIDENCE TIME  AGITATION RATFE  SUPERSATURATION
3.5C0E¢01 1.700E+02 2.466E+03 7.000E~01
POP. AT 0
1.239E+08
WELGHT_X SCREEN_SIZE_AD % _CUMULATIVE WEIGHT
5.737E-01 1. 060E-01 4.U55E+01 .
3.325E-01 . 1.500E-01 . 7.037E+01
1. 498E-01 1.800E-01 8«201E+01 .
2. 079E-01 2.500E-01 9.815E401
2. 380E- 02 2.970E-01 . 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL SIZE POPULATION DENSITY

1.030E-01 2. 392E+07 1.081E-01 2 .098E+07
1.133E-01 1.851E+07 1.184E-01 " 1. 642E+07
1.235E-01 1. 46 3E+07 1.286E-01 1.309E+07
1.337E-01 1.176E+07 1.388E-01 1. 06 1E+07
1.438E-01 9.604E+06 1. 489E-01 . 8.697E#+ 06
1.540E-01 7.816E+06 1.590E-01. 7.050E+06
1.641B-01 6..382E+06 1.692E-01 5.796E+06
1. 742E-01 5.273E+06 1.793E-01. 4.813E+06
1.843E-01 4.368E+06 1.894E-01 . 3. 975E+06
1.944E-01 3.627E+06 1.994E-01 . 3. 318E+06
2.045E-01 3.043E406 2.095E-01 2.797E+06
2. 45E-01 2.576E+06 2.196E-01 2. 378E+06
2.246E-01 2. 199 E+06 2.296E-01 2.038E+06
2.347E-01 1.892E+06 2.397E-01 1..759E+06
2.447E-01 1.638E+06 2. 498E-01 1.525E406
2.548E-01 1.411E+06 2.598E-01 1. 308 E+06
2.648E-01 1. 214E+06 2.698E-01 1.128E+06
2.749E-01 1.050E+06 2.799E-01 9.788E+05
2.849E-01 9. 134E+05 1. 000E+00

1.000E+00
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TEMPERATURE

RESIDENCE TIHE  AGLTATION RATE  SUPERSATURATION
3. 500E+01 1. TO0E+02 1.926E403 9.500E-01
1.742E+08
WELGHT. X SCREEN SIZE AD % CUMULATIVE WEIGHT

5.683E-01 1.060E~-01 4.603E+01

5.525E-01 1.500E-01 9,079E+01

5. 470E-02 1.800E-01 9.522E+01

4. 050E-02 2.500E-01 . 9.850E+01

1. 850E- 02 2.970E-01 1.000E+02

CRYSTAL SIZE POPULATION DENSITY CRYSTAL . SIZE POPULATION DENSITY

1.030E-01 2.513E+07 1.081E-01 2.297E+07
1.133E-01 2.099E+07 1.184E-01 1. 918E+07
1.235E-01 1.754E+07 1.286E-01" 1.607E+07
10337E-01 1.473E+07 1.388E-01 1. 353E+07
1.438E-01 1. 245E+07 1. 489E-01. 1.137E+07
1.540E-01 1.002E+07 1.590E-01 8. 878E+06
1.641E-01 7.895E+06 1.692E-01 7.048E+06
1.742E-01 6.315E406 1.793E-01 5.671E+06
1.843E-01 5.087E+06 1. 894E-01 4.577E+06
1.944E-01 4.131E+06 1.994E-01 . 3. 738E+06
2.045E-01 3.391E406 2.095E-01 3..084E+06
2. 145E-01 2.811E+06 2.196E-01 . 2.569E+06
2.246E-01 2.352E+06 2.296E-01 2.157E+ 06
2.347E-01 1.983E+06 2.397E-01 1..826E+06
2. B47E-01 1.685E+06 2.498E-01 1. 557E+06
2. 548E-01 1.440E+06 2.598E-01. 1. 334E+06
2.648E-01 1.237E+06 2.698E-01 1.150E¢+ 06
2.749E-01 1.070E+06 2.799E~-01 9.966E+05
2.849E-01 9.297E+05 1.000E+00 1.000E+00 -
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s i s i . e et i i

3. 5C0E+ 01

1.865E+08

WELGHT X

RESIDENCE TIM

1.700E+02

SCREEN SIZE_AD

SUPERS ATURATION

8.230E-01

% CUMULATIVE WEIGHT -

S« 445E-01 .
3.136E-01 .
4.620E-02
3. 100E-02

1. 380E-02

CRYSTAL SIZE POPULATION DENSITY

1. 060E-01
1. 500E-01
1.800E-01
2.500E-01

2.970E-01

5.737E+01 .
9.041E+01
9.528E+01
9.855E401 .

1.000E+02

1<030E-01
1.133E-01
1.235E-01
1.337E-01
1.438E-01
1.540E-01
1.641E-01
1. 742E-01
1.843E-01
1.944E-01
2.045E~-01
2. 145E-01
2.246E-01
2.347E-01
2.4347E-01
2.548E-01
2.648E-01
2.749E-01

2.849E-01 .

2.888E+07
2,234E+07
1. 76 4E+07
1.418E+07
1..357E+07
9.213E+06
7.269E+06
5.823E+06
4.693E+06
3.811E+06
3. 129E+06
2.594E+06
2.170E+06
1.830E+06
1.554E+06
1.328E+06

1. 141E+06

9.866E+05

B.573E+05

1. 081E-01
1. 184E-01

1.286E~-01

1.388E-01 .

1. 4898~ 01

1.590E-061.

1.692E-01
1.793E-01
1.894E-01
1.994E-01

2.095g-01

2.196E-01 .

2.296E-01
2.397E-01
2.498E-01
2.598E-01
2.698E-01
2.799E-01

1.000E+00

2.533E+07
1. 980E+07
1.578E+07
1. 279 E+07
1.044E+07
8. 167E+06
6.434E+06
5. 232E+06
4.223E+06
3. 449E+0b
2. 845E+06
2.370E+06
1.990E+08
1.685E+06
1.436E+06
1..230E+06
1.060E+06
9. 131E+05

1.000E+00
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APPENDIX 8
EQUIPMENT LIST

Sartorius balance
Lauda-Thermostat (constant temp. bath)
Wild Microscope

Camera (Pentax 35 mm)

CH.

CH.

E

E

CHLE

CH.

E

1518
2862
2967
2652

193
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APPENDIX 9

**Last signon was: 09:40:20
User "COGB" signed on at 10:32:26 on Thu May 01/80

$LIST PF _
1 IMPLICIT REAL*8 (A-H,0-2)
2 DIMENSION A(200,5),P(2),PLB(2),PUB(2)
3 EXTERNAL AUX
4 READ (5,10) N,M,NV,NCON
5 10 FORMAT (5I3)
6 READ (5,20) ((A(I,J),Jd=1,NV),I=1,N)
7 20 FORMAT {5G 10.0)
8 BREAD (5,20) . (P(I),I=1,H)
9 IF (NCON.EQ.0) READ(5,20) (PLB{I),I=1,M), (PUB(I),I=1,H)
10 . LOG=10
1" EPS1=1.D-4
12 EPS2=1.D-4
13 IT=500
14 CALL CLCF(M,N,NV,LO0G,A,P,PLB,PUB, EPS1,EPS2,IT,IERR, NCON,AUX
15 "~ IF (IERR.EQ.0Q) WRITE(6,40) IT
16 40 FORMAT {*ERROR RETURBRN', I2)
17 STOP
18 END
19 SUBROUTINE AUX (M,A,P,F,D,IND,L,LS)

20 ' IAPLICIT REAL*8 (A-H,0-2)
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21 DIMENSION A (200,1),P (1) ,D{1)

22 IF (IND.EQ.3) BRETURN
23 Z=DLOG (A {L,5))

24 FE=DLOG (P (1)) +DLOG(A(L, 1)) #+P(2) *DLOG({A (L, 3) )-14166.67 /(1. 9¢
25 P=FE-Z

26 IF(IND. EQ. 1) BETURN

27 D(1)=1/P (1)

28 D(2)=DLOG (A (L, 3))

29 RETURN

30 END :

31 SUBROUTINE LIMIT (P,DUB,IND,L,C)
32 IMPLICIT REAL*8 (A-H,0-2)

33 DIMENSION P (1),DUB(1)

34 BETURN

35 END

End of File

$LIST POT

1 108 2 5 0 :
2 0.7 2466.0 170.0 15.0 0.081

3 0.823 2466.0 170.0 15.0 0.088

4. 0.95 2466.0 170.0 15.0 0.095

5 0.7 1926. 0 170.0 15.0 0.0985
6 0.823 1926.0 170.0 15.0 - 0.1058
7 0.95 1926.0 170.0 15.0 0.1132
8 0.7 126G.0 170.0 - 15.0 0.0963
9 0.823 1260.0 170.0 15.0 0.10135
10 0.95 1260.0 170.0 15.0 0.1057
1 0.7 2466.0 235.0 15.0 0.066
12 0.823 2466.0 235.0 15.0 0.07225
13 0.95 2466.0 235.0 15.0 0.0781
14 0.7 1926.0 235.0 15.0 0.0727
15 C.823 1926.0 235.0 15.0 0.0763
16 0.95 1926.0 235.0 15. 0 0.0784 .
17 0.7 1260.0 235.0 15.90 0.07425
18 0.823 1260.0 235.0 15.0 0.0765
19 0.95 1260.0 235.0 15.0 0.08025
20 0.7 2466.0 380.0 15.0 0.0414
21 0.823 2466.0 380.0 15.0 0.0431
22 0.95 2466.0 380.0 15.0 0.0451
23 0.7 1926.0 380.0 15.0 0.041
24 0.823 1926.0 380.0 15.0 0.0435
25 0.95 1926.0 380.0 15.0 0.0451
26 - 0e7 1260, 0 380.0 15. 0 0.044
27 0.823 1260.0 380.0 15.0 0.0475
28 0.95 1260.0 380.0 15.0 0.05125
29 0.7 2466.0 170.0 20.0 0.0822
30 0.823 2466.0 170.0 20.0 0.0912
31 0.95 2466.0 170.0 20.0 0.10
32 0.7 1926.0 170.0 20.0 0.10075
33 0.823 1926.0 170.0 20.0 0.1085
34 0.95 1926.9 170.0 20.0 0.1175
35 0.7 1260.0 170.0 20.0 0.0981
36 0.823 1260.0 170.0 20.0 0.10528
37 ,0.95 1260.0 170.0 20.0 0.1133
38 0.7 2466.0 235.0 20.0 0.06735
39 0.823 2466.0 235.0 20.0 0.0769 .

40 0.95 2466.0 235.0 20.0 0.086



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

74
75
76
77
718
79
80
81
82

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

0.7

0.823.

0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95

1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.90
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0

1260.0

235.0
235.0
235.0
235.0
235.0
235.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
380.0
380.0
380.0
380.0
380.0
386.0
380.0
380.0
380.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0

20.0
20.0
20.0
20. 0
20.0
20.0
20.0

20.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0

0.0742
0.0784
0.0842
0.0755
0.0791
0.08u41
0.0433
0.045
0.0u4865
0.0425
0.0462
0.05
0.04575
0.0501
0.05515
0.0838
0.095
0.10606
0.10325
0.1115
0.12075
0.1015
0.11C48
0.1206
0.0727
0.08135
0.0915
0.07525
0.0827
0.0887
0.07725
0.08195
0.0869
0.04475
0.046
0.04865
0.0435
0.0u486
0.0535
0.047
0.053
0.05865
0.08835
0.1005
0.1134
0.1045
0.1145
0.1255
0.1C306
0.1142
0.12525
0.07495
0.0857
0.09615
0.0772
0.08495
0.09369
0.07875
0.08435
0.0903
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101 0.7 2466.0 380.0 35.0 0.0472
102 0.823 2466.0 380.0 35.0 0,05175
103 0.95 2466.0 380.0 35.0 0.0573
104 0.7 1926.0 380.0 35.0 0.04475
105 0.823 1926.0C 380.0 35.0 0.05075
106 0.95 1926.0 380.0 35.0 0.057
107 0.7 1260.0 380.0 35.0 0.04865
108 0.823 1260.0 380.0 35.0 0.05565
109 0.95 1260.0 380.0 35.0 0.06245
110 1.0 1.0 1.0 1.0 1.0
11 0.00001 -1000.0 -1000.0 -1000.0 -1000.0
112 1000.0 1000.0 1000.0 1000.0 1000.0

End of File

$R  *FTN SCAEKDS=PF PAR=NOSOURBCE

Execution Begins 10:32: 39

No errors in MAIN

No errors in AUX

No errors in LIMIT

NAME NUMBER OF ERRORS/WARNINGS SEVERITY

MAIN 0 0

AUX 0 0

LINMIT 0 0

Execution Terminated 10:32: 42 T=0.285 RC=0 $.07

$R -~LOAD+%*NUMLIB 5=POT

==> *NUMLIB IS5 NOW INCORPORATED IR *LIBRARY -- 2 APRIL 1979

*LIBRARY IS SEABRCHED AUTOMATICALLY.

SHOULD BE DELETED FROM YOUR FILES. IT
Execution Begins 10:32:43
ITERATION 10
FUNCTION -19421. 16 EVALUAT ION 28
PARAMETERS
99.97456 0.6602989
FPUNCTION -224.8909 EVALUATION 29
PARAMETEES
99.97602 3.074756
FUNCTION EVALUATIONS 34 DERIVATIVE EVALUATIONS
PARAMETERS
100.000 3.07471
7Y ZRES:I-DBALS :
-2.20292 -2. 12394 -2.05697
-2.26469 -2.16370 -1.00258
-0.869365 -1. 11969 -0.988337
0.951168 1.05386 1. 16346
-1.73720 -1.68581 -1.99817
-1.81068 -0.599628 -0.571098

13

-2. 40863
-0.930487
-0.892064

0.880551 .

-0.539434

197

ALL REFERENCES TO *NUMLIB
WILL DISAPPEAR. .

-2.30815
-0.865531
0941460
0.965887
-1.84708
-0.697232



198:

-0.714601 -0.599305 -0.517093 1.31904 1.42043
1. 41609 1. 48055 1.26510 1.33505 1. 38343
-1.34144 -1.61441 -1.52989 ~1. 46567 -1.59780
-0.268531 -0.21846C -0.193147 -0.302341 -0.235534
-0.225813 -0.141566 1. 69550 1.82871 1.91723
1.82117 1.64533 1. 687006 1« 73012 -0.681693
-0.85014¢ -0.779652 ~0.727877 -0.835682 -0.777029
0.505622 0.534591 0.448199 0.515001 0.560950
0.596843 2.41787 2.48868 2.529 34 2.47229
2.38864 2. 41595 2.44408
SUM OF SCUARES OF RESIDUALS 224.,8826

STANDARD DEVIATION 1. 456549

FREVBUCEHUERRARURRN OB RN N RN RO R R RN ERT RO BN GRL NSV UBRORRRGRE LR T
RERURUSINOAC IR DR DO RLBOROREGUERI U R LRLR RO OR DR ERR RN BN RO SNt RO EBEHG;s

***WARNING*** QOUTPUT FIELD WIDTH TOO SMALL. CONDITION OCCURRED DURLNG A FORMI
*SINK*, THE WRITE IS SEQUENTIAL AT RECORD NUMBEK 30. FOR THIiS i
FIELD OF *'S WKILL BE HRITTEN.

SLECHEBRRDERURRRRLRIEE U EHULTDURDENBR OO RN RSP OECOSSUCOOLUURERERBUBEEUERERSY
BLLHBBELRBRRNE RO BRERRERUURBULEBRURRRESLOREVUBOERORUNCHERERERRbEVVLEERBUEREI

ERROR RETURN#**

Execution Terminated 10:32:45 T=D.625 RC=0 $.20

$5I1G
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**Last signon was: 16:51:50 Mon Apt 28/80
User "COGB" signed on at 09:40:20 on Thu May 01/80

$LIST PF

1 INPLICIT REAL*8 (A-H,0-2)

2 DIMENSION A{200,5),P(2),PLB{2),PUB(2)
3 EXTERNAL AUX

4 READ (5,10) N,M,NV,NCON

5 10 FORMAT (513)

6 READ (5,20) ((A(I,J),J=1,NV),I=1,N)

7 20 FORNAT (5G10.0)

8 READ (5,20) (P(I),I=1,H)

9 IF (NCON.EQ.0) READ(5,20) (PLB(I),I=1,M), (PUB(I) ,I=1,H)
10 L0OG=10 -

1 EPS 1=1. D-4

12 EPS2=1.D-4

13 IT=500

14 CALL CLQP (M,N,NV,LOG,A,P,PLB,PUB,EPS1,EPS2, 1T, 1E&E, NCON, AU2
15 IF (IERB.EQ.0) WRITE(6,40) IT

16 40 FORMAT ("ERROR BETOURN',I2)

17 STOP

18 END

19 SUBROUTINE AUX (M,A,P,F,D,IND,L,LS)
20 IMPLICIT REAL*8 (A-H,0-2)



- . ... .200

21 DIMENSION A(200,1),P(1),D(1)
22 IF (IND.EQ.3) RETURN

23 Z=DLOG (A (L,5))

24 FE=DLOG (P (1)) +5*DLOG (A (L, 1) ) +P (2)*DLOG (A (L, 3))-13811. 11/ (1.
25 F=FE-Z

26 IF (IND.EQ. 1) RETURN

27 . D(1)=1/P (1)

28 D (2)=DLOG (A (L,3))

29 RETURN

30 END

31 SUBROUTINE LIMIT (P, DUB,IND,L,C)

32 IMPLICIT REAL*8 (A-H,0-3)

33 DINENSION P{1),DUB(1)

3y RETURN

35 END

End of File

$LIST PO1T
1 106 2 5 0
2 0.7 2466.0 170.0 15.0 0.7075E7
3 0.823 2466.0 170.0 15.0 0.82E7
4 0.95 246640 170.0 15.0 0.9825E7
5 0.7 1926.0 170.0 15.0 1.1E7
6 0.823 1926.0 170.0 15.0 1. 2375E7
7 0.95 1926.0 170.0 15.0 1.44375E7
8 0.7 1260.0 170.0 15.0 1.0125E7
9 0.823 1260.0 170.0 15.0 1.1E7
10 .95 1260.0 170.¢ 15.0 1« 23125E7
n 0.7 2466.0 235.0 15.0 0.66875E7
12 0.823 2466.0 235.0 15.0 0.8E7
13 0.95 2466.0 235.0 15.0 1.0375E7
14 Ce.? 1926.0 235.0 15.0 0.830625E7
15 0.823 - 1926.0 235.0 15.0 0.9125E7
16 .95 1926.0 235.0 15.0 1.0625E7
17 0.7 1260.0 235.0 15.0 1.0E7
18 0.823 1260.0 235.0 15.0 1. 07E7
19 0.95 1260.0 235. 0 15.0 1. 21875E7
20 0.7 2466.0 380.0 15.0 0.45E7
21 0.823 2466.0 3680.0 15.0 0.5075E7
22 €.95 2466.0 380.0 15.0 U.575E7
23 0.7 1926.0 380.0 15.0 0.3375E7
24 0.823 1926.0 380.0 15.0 0.3875E7
25 0.95 1926.0 380.0 15.0 0.43125E7
26 .7 1260.0 38C.0 15.0 0.48125E7
27 0.823 1260.0 380.0 15.0 0.5175E7
28 0. 95 126C.0 380.0 15.0 0.6875E7
29 0.7 2466.0 170.0 20.0 0.88E7
30 0.823 2466.0 17C. 0 20,0 0.9725E7
31 0.95 2466.0 170.0 20.0 1« 3E7
32 0.7 1926.0 170.0 20.0 1. 20375E7
33 0.823 1926.0 170.0 20.0 1.3725E7
34 €.95 1926.0 170.0 20.0 1. 675E7
35 0.7 1260.0 170.0 20.0 1.09375E7
36 0.823 1260.0 170.0 20.0 1. 245E7
37 0.95 1260.0 170.0 20.0 1.43125E7
38 C.7 2466.0 235.0 . 20.0 0.875E7
39 0.823 2466.0 235.0 20.0 1.0E7
40 0.95 2466.0 235.0 20.0 1. 18125E7



41
42
43
4y
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7

- 0.823

0.95
0.7
¢.823
0.95
0.7
0.823
0.95
0.7
C.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
C.823
0.95
0.7
0.823
C.95
0.7
0.823
0.95
0.7
0.823
.95
0.7
0.823
0.95
0.7
0.823
0.95
0.7
0.823
«95
0.7
0.823
0.95
0.7
0.823
0.95
0.7

0.823

0.95

1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
246640
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466, 0
2466.0
2466.0
1926.0
1926.0
1926. 0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0

1926.0

1926.0C
1926.0
1260.0
1260.0
1260.0
2466,0
2466.0
2466.0
1926.0
1926.0
1926.0
1260.0
1260.0
1260.0
2466.0
2466.0
2466.0
1926.90
1926.0
1926.0
1260.0
1260.0
1260.0

235.0
235.0
235.0
235.0
235.0
235.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
380.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0
235.0

20.0
20.0
20.0
20.0
20.0

3000

20.0
20.0
20.0
20.0
20.0
20‘0
20.0
20.0
20.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

25.0

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0

201

0.875E7
1.01875E7
1. 19375E7
1. 14125E7
1.2325E7
1. 4375E7
0.5E7
C.6E7
0.75625E7
0.6875E7
0.8E7
0.96625E7
0.505625E7
0.6375E7
0.B75E7
1.08E7
1.3E7

1. 675E7
1.3125E7
1.5C75E7
1.975E7
1. 2E7
1.3875E7
1.65E7
0.98375E7
1. 15625E7
1.41875E7
0.95625E7
1.125E7
1. 4E7
1.2625E7
1.41875E7
1.65375E7
0.5375E7
0.069375E7
0.89375E7
0.8E7
0.9275E7
1. 125E7
0.645E7
0.8125E7
1. 08125E7

- 1. 2125E7

1.4975E7
1.9875E7
1. 42875E7
1.7225E7
2.28E17
1.3125E7
1.505E7
1.925E7
1.0825E7
1. 3125E7
1.6375E7
1.0375E7
1.2925E7
1.6875E7
1. 425E7
1.375E7
1.86625E7 .



101
102
103
104
105
106
107
108
109
110
T
112

202

End of File

SR *FTN

Execution
No errors
No errors
No errors

NAME

MAIN

AOX

LINIT
Execution

0.7 2466.0 380.0 35.0 0.61225E7
0.823 2466.0 380.0 35.0 0.79E7
0.95 2466.0 380.0 35.0 1« 1E7
0.7 1926,.0 380.0 35.0 0.90625E7
0.823 1926.0 380.0 35.0 1.0625E7
G.95 1926.0 380.0 35.0 1« 3125E7
0.7 1260.0 380.0 35,0 0.7375E7
0.823 1260.0 380.0 35.0 0.9425E7
0.95 1260.0 380.0 35.0 1.2825E7
1.0 1.0 1.0 1.0 1.0
0.00001 -1000.0 -1000.0 -1000.0 =1000.0
10C0.0 1000.0 1000.0 1000.90 1000C.0
SCARDS=p¥F PAR=NOSOURCE
Begins 09:40:25
in MAIN
in AUX
in LIMIT
NUMBER OF ERRORS/WAERBNINGS SEVERITY
¥ 0
0 0
0 0
Terminated 09:40:27 T=0.253 RC=0 $.06

$R  -LOAD+*NUMLIB 5=PFOT
==> *NUMLIB IS NOW INCORPORATED 1IN *LIBRARY —-- 2 APRIL 1979

*LIBRAEY IS SEARCHED AUTOMATICALLY. ALL REFERENCES TO *NUMLIB
SHOULLC BE DELETED FROM YOUR FILES. IT WILL DISAPPEAR.
Execution Begins 09:40:29
ITERATION 10
FONCTIUN -315637.2 EVALUATION 28
EARAMETEES
99.959357 7.238774
FUNCTION -315258,.2 EVALUATION 29
FAEAMETEERS
99.99088 7.578023

FUNCTION EVALUATIONS

32 DERIVATIVE EVALUATIONS 12

FEARAMETEFS
100.00¢C 7.57801
RESIDUALS
17.9524 2.49614 19.1510 -143.670
-142.860 18.9253 20.4625 -140.088
21. 5264 =141, 121 4.68369 21.3892
24,7881 25. 4594 26.0705 24.433y
18. 8555 -141,898 17.8329 18.5110
19. 1867 20.6055 =139.900 21.8323

18.2027
21.5502
8. 38236
25.1701
19.0294
20.6055



STANDAED DEVIATION

54.53562

203

20. 3398 21,0723 21.6359 -136.374 - 135. 747

-136.035 25.6751 24,7958 25.3734 25.7742
19. 4274 18. 1444 18.8152 19.2626 - 142. 947
20.8864 21.5342 22,0471 2049147 21.5615
21.3296 21.8938 25. 1327 25.6869 26,1511
25.9210 24,9503 25.52893 25.9607 18.9803
18.8168 19. 4392 3.75822 18.9016 19.5742
22.1647 22.6610 21.5904 22.1800 22.6309
2245302 25.7598 10. 1961 -134.480 25.36706
25.5736 26. 1377 2645472

SUM OF SCUARES OF RESIDUALS 315258.2

##*##8#########9##########t#08######&##l##################t####lti#t%###tt##t#;
ISCQ###tiit##8#3###88###‘######83!####8'###8##!##tt#t##&####‘####8######8#S#Iﬁa

*#*WARNI NG*** QUTPUT FIELD WIDTH TOO SMALL. CONDITION OCCUKEED DURING A FORMAT
*SINK*, THE WRITE IS SEQUENTIAL AT KECORD NUMBEE 30. FOR TH1S AN;
FIELD OF *'S WILL BE WRITIEN.

lt#tﬂt##ﬁi&t##8##################l#############3##8##########888#8########'f#ti
98######################l########l##################t######i##i##!#’####ttc###

ERROK RETUERN**

Execution Terminated 09:480:31 T=0.613 RC=0 320

- $5IG



