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1,
Introduction.

In this section of this thesis, I propose to
present a brkkf account of the object of the investigation
and also the various methods by which attempts were made Lo
bring solution to the many problems involved,

The gquestion of the settlement of slimes
probably dates as'far back as 1907, w#hen the basic patent for
a Dorr thickener was flrst brought out. Though there were a
numnber of articles written upon the settlement of slimes, no
quantitive results of any importance vere forthccming until
Mishler in 1912 in the Enginsering and Mining Journal,
enunclated certain principles, which he belleved to be
aEARiREkax- characteristic of the settlement of Tigre slimes.
Coe and Clevenger in 1916 gave a more elaborate analysis of &k
the operation of a thickener, developling; a formula for ares,
and also a method for detsrmining the depth of thickener
required. They independently showed that the principles,
tentatively announced by Mishler some four years before, were
true for all classes of ores. They were the fundamentals of
slime settlement as carried out in a Dorr thickener, The
methods outlined by Coe and Clevenger for the determination of
area and depth ofthickener requirements are vrecisely the sane
as the methods employed by the Dorr Co., today.

In January X 1923, the writer, as one of a
party of four, cselected the Settlement of Slimes as an exper=~
-imental subject for investigatinon,in connection with the reg-

-uiremente of the 4tn.year Ore Dressing Laboratory Thesis, The
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work that was earried out was elementary - the effect of
various concentrations of lime and also the eflfect of heat
drying an ore were studied. Seltling ratec were cuarried out
in glass graduates and compared.The rcsults were us expected
the settling rates showed a critical conceantration of line,
above or below which meant a decreasse in setitling rate. The
dried ore showed much faster settling rates than the undried
ore,

In the f£8ll of 1¢23, the wrliter chose the
subjJect of the title of the present thesls a2s a suitable
gubjeot for research, as required by the Fuculty of Graduate
Studies an Research. A pore awbitious progran, of course, was
laid out, and « small Dorr thickener was to be installed as a
laboratory unit. The writer, iu thie meanvhile, continued the
small scale tests upon tinguaite, which was sclected as a
holocrystalline rock which could be obtained in great quantity
as it was already broken and sized in the laboratory. The
question of Natural Slime was also considered.

Realizing the ilmportance of flocculation as
a factor in scttlement, the writer delved somewhat at length
into the subjzct of Colloid Chemistry for zn explanation of &k
the phenomenon invrolved., Ore Dressing litercture is burdened
with references to colloidal slimes, but unfortunately there
are some phases which are kék both poorly and erroneously
explained. Free( Eng & Min.J1 Vol 10! pp.249 etc) has written,
in my opinlon, the best series of articles that has yet
appeared, and he has covered at length ¢ertain misconceptions
which are in evidence in the minds of a majority of mill

operators.,
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The aforesaid misconceptions and false
ideas upon colloids are the results of a tendency on the part
of the well-informed towards writing carelessly upon the
subject, Whether the fault may be due to ignorance or care-
~lessness does not matter - the fact remains, They have gigpdd/
clouded the subject by the inconsistent usage of scientific
terme, and in many cases the articles were poorly written.Thls
remark does not only apply to the subject of colloids in Ore
Dressing, but the evil has permeated through Ore Dressing
literature generally., A notable example of a poorly written
paper, whlch is saved from the dust-laden.. racks of oblivion
80lely by the excellence of the subject matter, is the paper
by Coe and Clevenger. It might have become a ‘classic, Judging
it by the merits of ths enclosed wmaterial, had it not beem for
its lack of forceful presentatlion. Another example of vague
and indefinite writing is shown by Coe's remarks upon Mishler's
ARER paper, whereh:tated that he bellieved that Mishler's
methods were good, yet he disagreed upon two fundamental
points, It is with this thought in mnind, that I have here
~after presented certain theories upon flocculation, whieh,in
my efkem opinion, must be included in the present thesls -~
not for their excellence ( for they possess little of that)
but for the one reason that they have appeared in Ore Dressing
literature and hence must be considered in an ore dressing

thesls which deals with flocculation.

Unfortunately the installation of the
thickener was delayed, and the middle of March had arrived

before any large scale work could be attempted.
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The installation of the thickener was a large feature of the
work, and some five weeks werec apent in its erection.Additions
are now being made from time to time, their objecot bheing to #x
facilitate the transference of pulp from one part of the

system to another, and to reduce the amount of manual labor,

In the sghort szpace of time left before
the end of the term, some seven test: were run, Frankly, they
are of little value,being insufficient to draw any positive
gonclusions, but they were of inestimable value in guaging the
possibllities of such a laboratory unit. The artificial
conditiona under which the thickener i1s ruaning show that there
are numerous piltfalls which mus}i be avoided, Thus a wealth of
8xXporlence was gained in learning such operations,as the best
method of ma procedure during a test, for example.

Early reallzingthat the shortage of time was
the important difficulty with which I was confronted, I devoted
my attention to the problem of area, and abandoned the question
of depth. Since depth is a functlon of area ( it may be sacri-
ficed for area, though the converse ig not true) the question m
of area must be decided rirst before deptih is considered,

There is & tremendous amount of work yet to
be done in comnection with settlenent - thiere are many phases
which are as yet little understood, and the field of research
in this dlrection is still a wide ons,

In closing, I must acknowledge with deepest
gratitude the untiring ef’orts of Professor Bell, who has
devoted much of his time to the problem, and whose suggestions

have always proved helpful.
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I am also greatly indebted to Messrs, Johan J.
8nijman and Roland E. Legg who collaborated with me in the
carryifig out ol some work on Hatural Slime, the results of
which appear later,

I must also express thanks towards Messrs,
E.Snyder,A.E.Cave, and A.K.iuir, of the 4th. Year Mining
Class ror their very able assistance in carrying out some of
the later testa.

I must also express my baaaikes towards the
members of thee Dorr. Co, Experimental Laboratory, ior their
courtesy and kind advicc offered to me during a visit to

their plant, and for instrucgtions which proved very valuable,

A criticism may be levelied at this
thesis,which is a justifiable one. iy remarks and aiscussions
upon various topics have been based upon theoretical grounds,
and where I have eriticised, I have but rarely used a practical
example t¢ bring out a point, In epologia , I wust say that
I was driven to 1t, for there is little reliable data upon the
operation of a thickener, which is availanls. Therefore,under
the circumstances, I fek% that such a courcc Wwas necessary,
and if I have made any gross errors in my reasoning,it will
be the result of -taking a "too hypothetical"™ view of the

whole problem.
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The theory of colloids in ore-dressing.

Consider the simplest ore pulp imaginable - a
heterogenous mass of mineral particles of all sizes from, let us say,
0.1 m.m. in diameter to the molecularly disperse, all suspended in water.
As a result of their variance in size, they will settle at varied rates
of velocity.

Stokes in 1850 showed that spherical particles
of fine dimensions, when suspended in a mediwa, will fall with a

velocity iven by the formula

2
18 n

where _
V = velocity of fall

d = diameter of particle
k1 = sgpecific gravity of patticle
ka = sgpecific gravity of mediun

g = acceleration due to gravity

n viscosity of the aedium.
This is known as Stokes' Law or the Law of Viscous Resistance.

Stadler and Richards have both shown that this
law is only applicable to particles having a diameter of less than
0.4 m.m., and that particles above this size will settle undera totally
different law ,namely Rittinger's Law or the Law of Eddying Resistance.
Since slime particles are nol affected By this lav, due to their fine
size, I have not included any discussion upon the law.

' Law is applicable to all cases between

Stokes
0.4 m.m. and 0.001 m.m. but at this point it ceases to have any practical

value, for if we consider the remaining particles of still finer size,



we will see that they will not settle at all, but under the ultra
misroscope will exhibit a phenomenon that is known as Brownian movement.
They will appear to oscillate and move rapidly to and fro in the medium
and Perrin hae given an explanation of this peculiar motion by
attributing it to the result of the impacts of the molecules of the
medium upon the particles in suspens:on. Since the impacﬁs\are equal
from all directions,the particles will appear to be suspended and in
constant motion, though there are migratory tendencies sometimes shown,
which can be shown to be a matter of chance. It must be understood
that the particles,if rid of Brownian motion, will fall under Stokes'
law, but usually the effect is sufficient to keep the particles in

suspension indefinitely.

It is not my intention to enter the field of
controversy by attempting to present a trueband full definition of
a colloid - for a definition, to be perfect, must of necessity cover
"the truth, the whole truth, and nothing but the truth",yet at the
same time being compact and concise. The conception of a"colloid"
and of the"colloidal state" is best conveyed by an approximate
definition, which however must be supglémented by the consideration of
the principal weaknesses of that definition. Thus we can say, with
certain reservations gnd modifications, that "'a colloid is the state
in which a aubstance may exist, by virtue of which, it will possess a
high specific surface". Specific eurface is the surface per unit

volune.
Consider a cube of 1 cm. edge.It will have a

total surface of 6 sg.cms., and a specific surface of 6 units. Imagine

this cube to be divided into smaller cubes of 0.001 m.a. edge.



The total surface of these cubes will be 6x10 8y.cms., and since
the total volume is still 1 cu. cm., the specific surface will be
6x10-4 units - a very much higher value than in the case of the cube
of ' cm. edge. Thus the definition implies a high degree of sub-divisiam
though there is no line of demarcation between small particles of a
s0lid and the same solid in colloidal fora. Zsigmondy has drawn up
a classification that considers three classes of dispersoids,and
drawing an arbitrary line between the coarse and the colloid dispersoids
at 0.1 micron. £ A micron is equal to B.001 m.m.) . The reason for this
assuned mark presuzably lies in the fact that the limiting size that
can be viewed under an ordinary microscope is apsroximately of this
dimension - variations,of course,depending upon the nature of the
suspensions viewed and their indices of refraction és compared with that
of the suspension medium.

It also implies that a colloid is a state of matter, and
a state to which all substances may belong, regardless of whether they
are solid, liquid, or gaseous. Thus it must be borne in mind thxt the
condition is a physical one, and is not a property that a substance will
possess, by virtue of its chemical nature, It must be admitted however
that some substances, e.g. Fe(OH); » preferentially form colloidal
suspensions, though these are chiefly chemical precipitates, the
physical characteristics of which are dependént upon temperature,
concentration, solubility,etc. at the time of formation and thus can be
varied at will. All substances can be brought into the colloidal state
by suitable means of preparation - there are seven known methods though

they cannot all be applied in the preparation of the same colloid.



Since we are dealing with colloids found in Ore-dressing
we can make the following statement, supplementing the definition-
of course remembering that it is not true of all colloids : The colloid
must be insoluble in the suspension medium, forming a true disperse
phase.

The " high specific surface " cluuse of the definition |
may be somewhat misleading. A molecule of a solute in water will possess
a high specific surface, yet it is not a colloid. Hence there must be
a lower limit, arbitrarily taken, to distinguish colloid dispersoids
from molecular dispersoids,( the third of the three types of dispersoids

recognized by Zsigmondy). It is found that the physico-chemical

properties of the liquid suspeneion medium undergo a marked transfornation

when the suspension particles are sualler than 1 milli—ﬁicron ( one-
thousandth part of a micron ). A true colloid suspension will show the
Freezing Point and Boiling Point characteristics of a pure liquid, but

a suspension of the above size and smaller will show the characteristics
of a true solution. In other words,# we have indications of a
transformation from a suspension to a molecular dispersion. Summarizing

Zsigmondy's classification :

Dispersoids.
1. Coarse - Above 0,1 microns,
2, Colloid - Between B.1 and 0.001 microns.
3. Molecular - Below 0.001 microns.

In simplifying the problem from the ore-dressing point
of view, a scale has been suggested by Mishler to distinguish slime from
sand - slime being that finely divided material that must be flocculated

in order to increase settling capacities.
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an ore
He defines Slime as that portion of = pmim that

renains suspended after five minutes of settling in a 100 : 1 mixture
of fresh water and ore - temperature being 60 degrees Fanrenheit. This

definition is duscussed in a later section.

From the foregoing discussion, it will now be
evident that the difficultly settled portion of a pulp will be the very
finely divided material. The sand will settle out immediately,and does
not enter into the problem directly, but it is the smaller particles,
which, falling under Stokes' law, is the material that constitutes the

main problem.

Stokes' law can be briefly sumned up in the

2
form : V = ¢cd or _A vhere A = area of the particle.
n

n
In other words, the velocity is provortional to two elements, viscosity
and areca.
a. Viscosity. The viscosity of a liquid is inversely proportional to
the temperature. Ralston has shown that in the case of kaolin suspensions
in water, the rate of settling is proportional to the rise in temperature,
for both thick and thin pulps; in other words, the rates of settling are
inversely proportional to the viscosity. Temperature however may have
a flocculating effect, as in the case of sugar juices, where it is found
that good settling is attained at 85 degrees C. but at 55 deg.C. the rate
is almost zero. But in the majority of cases, and more particularly in the
case of ore pulps, increased settling rates are acquired as a result of
a change in viacosity, and not as a result of better flooculation.
In the case of pulps in a solution,the latter may be the case, but it

is an indefinite point.



b. Area. It would be impossible to over-emphasise the effect of the
area of a particle upon its rate of fall, when it is subjected to Stokes'
diameter
law. If we double the &xms of a particle, we will quadruple the velocity
of fall, and each successive increase of diameter will still further
augment the velocity,which is increasing as the squarc of the diameter.
Settling rates can thue be increased by increasing
the size of the falling particles, and this can be accomplished by the
addition of a flocculating agent to the suspension, whereupon the
individual particies agglomerate and form flocs which are comparitévely
massive as compared with the original particles. These flocs will fall
with an increased velocity, indicated by Stokes' formula, which is the
result of increased area. There is a modification however - since the
flocs are not composed of solid homogeneous material, but contain
enclosed water, the density of the flocs will differ from that of the
original particles, and the velocity of fall will be lessened, but this

will not greatly influence the effect of area.

Flocculation may thus rightly be termed the keynote
of the whole problem of settlement, and a study of its various phases
will often repay the mill operator, for as Free has stated, a more
expensive reagent is often preferable to the cheaper and more common
types, which have, through tradition, have become hallowed in the minds
of the operator.

It must be borne in mind at this point that flocculation
is not a definite state or condition, but that there are a variance of
degrees of flocculation, for example, slow flocculation, intense
flocculation, etc., and that khkaxa deflocculation is merely a condition

of "less flocculation".



In the next few pages, I have attempted to outline some theorie
which have been advanced to explain the mechanics of fl0C-
culation. Though there are some theories that have not reached
the rank of "deserving serious consideration", I however will
take each theory in turn, and will try io point outb its meritis
and denerits,and will reserve the most generally theory .for the
last, As I have before stated, my oanly object for entering into
a consideration of such theeorizs 13 the fact that they have
appeared in Ore Dressing literature, und hence nmust be taken
into account, I aust howsver be Jjust in stabing taat the
aythors in most cases have not claimed that the theory in
question was the only possible explanaticin, but they have
generally remarked that it is the cumulutive effect of many

such influences that resuvlt in flocculation.

{, Straln theory. This tascry,I belleve, was first advanced by
Ostwald, though Sulman was the firast to lntroduce it into Ore
Dressing, in a paper upon the thneory of flotation(Trans.I.M.M,
Vol.29). It waa a paper designed to exphin the theory of
flotation upon the grounds of "surface energetics and adsorpte
ion effects due tothe sane", and since, in his opinion,
flotation and flozzulatlon wois intere-reluated, he felt it
neceagary to erxplain the latier on the sae general principles.
Briefly, 1t is this :~ The layer of liguid at the golid-liquid
interface of an immersed particle is considered to be in a
condition of strain. Now Sulman states that there is 2 normal
tendency, characteristic of a liquid , p? reduce this strain as
much as possible, and the only manngﬁ gi;;éthis can be done

is by a reduction in surface. Flocs are formed which reduce the

amount of specific surface.
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The principle ic explained by the dlagram above.

Changes of interfacial tension as ls usually faund when a
contaminant 1s added to water, will of course cnange the anount
of flocculation,In other words, any change of interfacial
tenslon will altsr the cegree of flocculation.

Hatschek howsver challenges the sictenent thuoib Ostwald was
responsible for the wordse,"strained layer", though I feel that
Ostwald intended to econvey this impression, Thus, the phenom-
enon of flocculation is the direct result of interfaicial EERFLH
tenslon, whichZ" endevours to decrease the surface of a system
if free encrgy ls available",(9stwald),

I cannot place a high value on the merits of
this theory, for I fecl that there are tooc meny peculliarities
in flocculation which are lef't unaccounted fcr. For instance,

I cannot sce any explanation, reasoned on the grounds of this
thesry, for the rresence cf a »oint of weximum flocculation
shown by all flocculating agents, from which poiant an increase
or decrease in concentratinn will decrease the degree of floc-
culation. Raz Fhe amount of adsorbed solute #ill not vary in

this manner,
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Anoth-er idea was pus forward by Sulman, and though it does
not directly explain flocculation, it hue direct bearing upon
moleculea
the formation of sols. If the cohesion of the liquid HxREEakER
is greater than the cohesion of the solid molecules, the solid
tends to disintegrate, with the resultant foruation of a
sugpension, which may become a solution. If the cohesion of #&
the 8ol:d uclecules is greater than the cohiesloa of the liquid
molecules, " the wolecule: o. the liculd will tond %o concen=
trate at the surface layer o. the solid, and the condition
typical oi'suspension' will cceur8, In other worde, a reogent
which will increase the wetting of tue 801id by the lliquid,
will alsc inerease bthe aount ol derloccuiation. Sulman cites
sodium silicate as an example., The converss must be true, that
floceulation will result 17 a reagent 18 udled wailch will de-
crease the amount of wetting. There 1d ver; 1Lituvlce to support
this idea, and I anm including it in the present thesls as a
matter of little intersest.
2., Theory of the repulsioa of the wotor ..oleculoe,
This thcory woe put forward by Elser in a
discus:ion upon Sulman's paper. Consider wo particles X and Y,

which are suspended in a mediuw,

— \\

/~ N
X Y \
o @ D ¥
\ J
R,
\\\_’/
D

Let A represeat a :wlecule of the medium,
and let the circle BCD represent its :zihere of attracilon., If
the Molecule A is repellec by the mol:ecules in X and ¥, 1t will

be driven in the direction shown b, the arrow,
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When this ls considered as having been applled to many
molegules of the liquid, we- will [ind «n exodus from the regiém
between X and ¥, which results in « tendency to pull X and ¥
together, The normal attragtion of X and Y for each other 18
alded by this removal of liquid molecules which are "holding"
them apart, The reveras will take place,l.c., deflocculation,
if the attraction of the solid molscules for the ncleculds of
the liguid is a positive one. This theory is similar to that
of "wetting" in which the affinity of the oppesite molecules
is sufficient to break tne sclid into a col. The suie remarks
cnd eriticisme therefore apply to this casce as in  the other.
3« ALr bubblec and flocculation.

This theory wezs advenced by iIdser in the 4 th,
Report of the British Aeson. on Celloid Cheanlstry. Hig ldea
can becst be zikkak e:pleined from an cxperiuaent cited by him,
Two smzll sprecific gravity bottles are halfl filled with a
silver nitrate solution, and an equi-norzal solution of sodium
chloride Lis added to fill the remainder of the bottles. One-
half of one hottle is poured away, and the two bhottleas are
thca shaken. On being allowed to stand, the half filled bottle
la seen %o contain a mawa densgely flocculated precipitate,
and it is observed tocontain air bubbles., The full bottle,
however, contains a finely diaspersc precipitate of silver
chloride, The inference that Edser draws i:s that the air bubble
have flocculated the papticles of Ag(l, He statcs other
examples where a highly flocculant precipitant is obtained by
agitating the reacting selutions.
There 18 one other piece oi cvidence in Edser's 7

fovor
sxkdemas which he does noil mention.
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Alr bubbles, when passed through pure water, are found to be
negatively charged. When passed through 0.007 % HaS04, they
are rfound %o ge neutral, and in higher concentrations of HpS04
they are found to be positively charged. ( Sulman). This
phenomenon can be applied to the flocculabtion of similarly
charged particles by an oppositely charged bubble. But the
oppositsly
collectionof charged particles by apasskiicemiy charged bubbles
iz an electrical phenomenon , and Edser, in no uncertain terms,
declared nis disbeliei in the electrical theory. Edser's case
is undeniably weak. He disregards the fact that precipitate
forumation is a matter of concentration,uass law action, temp~
erature, speed of reactlon,etc.,and he has given two cases for
comparison in waich the conditions were totally different. The
full bottle, due to poor agitation could not have been thore
ougaly aixed, and hence the formatiocn of o precipitate was
almost entirely thc result of diffusion. The half i{ull bottle
vas thorougily mixed,and hence precipitation was practically
Instantaneous,resulting in a coasser precipitate. In another
conaectlon, lHatschex remarked to Sulman that Stas recognized
four types of silver chloride precipitate, wiich could be
formedQunder varylng conditions, uy contention is that Edser

merely coasidered the existence of one type, yet he formed two

fferent types in his experiment,



This theory is the most important of the many alorementioned
theories, and 18 now almes’ universally accepted as beling the
correct explanationa of flocoulation, Unfortunatecly there is
little quantitative evidence, but the ticory is borne out by
many qualitative experinmenta.

When in suspension, particles show mlgratory
tendencies when subjected to an electric fleld, and this phen=
onenon is known as Cotaphoresis, The particles travel to elther
one or the other of the electrodes. We thus assume that the
particles are charged, and that the chuarges are of the saue
electrical sign. This is assuned to be the cause of the stab-
11ity of the 80l -« the particles repel each other, and are kept
in suspension as a result, There arc two explanationa for the
origin of the charge cn an ore particle, The first is duc L0
Coehn, who stated that,” When two substunccs are in contact,
the substance with the highest dlelectric constant will be
chargod poaitively". In almost all cases vwater is known to
posgsess the highest dielectric conastant, and as a result thes
ore particles are found to be charged negutively. The second
oxplanation is8 based upon alsorstion. ater lonizos to form
H and OH ions, and it 19 bellieved thal a pakticlc will adsorb
one ion in preferenge % the other. Thus ore particles ure
~asumed to have preferenticlly adsorboed OH lonse in excess o
H ions, and the charge is therefore due %0 a Layer of OH ilons
in excess on the surface of the particles,

Whatever the trus explanation of the askigk
origin of the charge might be, It 18 bulleved that particles
are Blmilarly chargod, and their charges must be reduced or

neutralized pofore flocculation or agglomeration can take plage
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The addition of & salt, whose oppositely charged lon will be
pfeferantially adsorbed, vill reduce tne amount of charj;c on a
particle. In suppert of this, 1t L8 found thot the coapulating
ion i@ found congentrated on the eurface of the partlcles, and
Whitney and Ober, using Sbes3 sols, found that the amount of
adsorption is proportional Lo the molecular weight divided by
the valencye.

Freundlich then found that the coagulatin , power
of an ion was independent of iia chemical nature, and he hasd
given o table showing the mininum concentrations of various
electrolytes, (millimols per litre), af wasuaws necessary 40

produce coagulation of nezobively charged ABpS3e

KCL 49.5 HpCly  0L717 AlCl- 0,023
KNO= 53,5 galla 0,740 AL(M® ) ©.000
NacL 51,0 BaCls 0.001 ’
LiCl 53,4 Ba(NO3Ta 0.507
HC1l 30,1

4

Freundlich found exyerimantally'that y=a dn ’
where y = amount adsorbed
C = concentration in original liguld
a and n(0.1=-3,5) are constants for the sol.
This 18 called the Adsorption Isotherm, and when slotted, it is
in the nature of a logarithmlc Curve. it indicates that the
gnaxk anount of a poly~valent salt required for coagul:..tion EXR

15 less than the amount required by & pono-valent sclta

Consider the case of lime, ¥Whcn in solule
ton it becomes Ca(OH)g, which-ionizes into Ca wd two OH ilons.
Sinoe the negatively charged particle is saturated .ith OH lons
(due to the logarithuic curve of adsorpbion), it will have
1ittle or no tendency to lncrease it8 nosative char_e, and as a

result, Ca is preferentially adsorbed.
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This adsorption will ultinately reduce the charge on the

particle, and [locculation tendenclies are inereased. Thiu,I

believe , 18 o hetter oxplanation than that glven by Free, who

explains the action of Ca(0OH), as being the flocculating action
of a precipitate, which is formed, and which collesctc the

it 1is

particles as sy sxs Esimg thrown down.

The flocculation curve of NaOH is an

intoresting one %0 consgider,

It 18 given by Frec, who used

kaolin(which is negatively charged), and he noeted the flocculwe

atlion powors of variocus concentrations of HaOH, Flocculatlion

power can roughly be neasured b, settling rates, Though the

loce®

Fower a 8

onc Oj' Na ©OH

serspoctive nry be wrong, tho
ceneral tendencios of the
results are gpiven hy the ourve
shown. inis phenomenon cannet
be explained by wuy other theorxy

of flocculation.,

Betwecen A and B on the curve, we have evidences of lLogseor

flocculation, which means a higher preforentisl adsorption of

OH ions over ila ions, 3ub &t 3, we find a reversal wnd the

Ha ions are novw adsorbad in excess of 01 lous, If we represond

Imooust
ﬂdsorbed

o, 4 Na OH .

point of saturation.

the actlon by adsorption 1soe

theras of da and OH, we will f£km

find an intersection of the
curves, s shown by the adjoine
ing uicteh. The polnt € is
tne result of the pargllelelike

curvas of Mo and OH at the
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I am indebted to Dr.A.#.Bull, of the DOrr
Co.,Ltd,, for tihla explanation of the flocculation curve for
HaOH,

Other phenomened noted in settling nay Lo Sxa
explained by thla theory., For exanglce, it has been noted that
there 18 a critical eouncentration af vlechpolybo witdeh glves
o maxiaun gettlin rato. Concanbrations above and below Lals
value show o dsoreasged sottling rabe. This auy bo explalned oy
sggunilng that thls particular concentratlion of electrolyte sive
the right awount of loas for adsorption, maxing porfect flocule
adblon, though it doos nod nesessarily nean that the "charges”
have been reduced to zero, It vy mean that some of tie
parﬁiales hove preversed thelr sign, whd,ns a result, huve an
attraction for other particles which huve not chaijed their sis
sl

It oust now be LOFne i mind that there are
other methods of floeculaticon, otazyr than by ucans of wdding
wl electrolyte. Deane hos etatod flve acthods -

1, Addition of an elcctrelyte,
2. Addition of a collold, a, Direct iairoduction,
be Preoolpliation,
3. Addition of a collold and electrolyte.
4, “lectric currant,
%. Biologiecal action,
The firat two are Lii most CGasonly used -

and in sliue metdllurgy, they arc the only methods uscd,
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Additian of a colloid,

The prianciples Involvaed are sinilair Lo those
applied in the ouse of olectrolytes. “he coullold used Ls one
which possecsges an Opposite churge witih resyuect to thoe sol-
the tao dissiuilar particles uanite, A botter RanG, perhaps, 18
aggloneration lnst@adoglocculntlon. Tials i not%very Couon
nethod, and would be loposalble in gyunide plants where the
lime also acts as & protective agent for cyanide, The usual
reagents used are glue and Al(GH)3. CaC03 18 also uved, and
the osction ol flocculation in a thickener .uy not be due

sntirely to lime, for CaCOs &us constantly bolng formed.

The conslderation of proferentlal adsorpe-
tion Lay lecd one into o poscible field of research; and Free
has stated the possibilities in a very «ble menner, By using
the correot reagents, we night be able to attaln o degree
of pfeferantial flocculantion, in which the valuablce nsterial
1s floecculated, whiledthe valueless zanguc matorial .ty be
allowed to pass off in o slime overflow. The idea i3 not asw,
for there are certain clectrostatic machineas, (of more thoorote
ical than praectleal Anterest,it is true) whieh selectively
coagulate the nnterial of high susceptibilit;. Count Schwerin
has patented certaln procgeases for the separation of peat from

¢lay, on principles simlilar Lo those I have outlined.
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Nomenclat d ttlement.
Mishler found that

1. The s&ttling rate ot tree settling pulp was independent of the height of
the column of pulp. In other words, the elimination of water is a
function of area.

2. The settling rate of thickening pulp was dependent upon the depth of
pulp. Using Coe-Clevenger's words, " the elimination of water in a

pulp below critical dilution is a function of time,"

Settling Rate may be defined as the rate at which the pulp line moves
downwards, or the rate at which clear liquid is being formed. Thin pulps
have a faster settiling rate than thick pulps(both being free settling).
The reason for this is not very clear. It has been suggested by Prof.Bell
that xks it is due to a rising current effect caused by a falling particle
which,during its fall,displaces water. This water is pushed into the space
vacated by the particle, and the effect is a seeuing rising current which
affects the particles following the first. The denser the pulp, the more
particles will be affected, and this accounts for the slower settling rate
found in a thick pulp as compared with that found in & thin pulp.

I would suggest that it may also be due to a hindered settling effect in =mhk
which we have a form of classification t:king place. The density of the
mediws is increased and the value ( k¢~ k2), in Stokes' formula, is
decreased, thus lowering the value for the velocity of fall. The class-
-ification seems probablc when we consider that the settlingr:;ea pulp

line decreases as time passes, in s»pite of the fact that the pulp may

still be free settling.



When settling rates are taken of a dilution of feed
“pulp, it must be borne in mind that there is a certain amount of sand
present, which settles out immediately, and that the settling rate found

i8 that which is characteristic of the dilution of slime present.

Therefore the statement thatthe settling rate of a 6 : 1 pulp is of a
certain value is erroneous - it is the settling rate of the dilution of =k&m
slime present which is observed. For this reason it is necessary that the
percentage of slime in all settling t.ste should be the same. If ‘the ratio
is constant, its exact value does not affect the application of the theory
to practice as I will show later,

The first interval of time or épace,during which
settling rate readings are taken,generally gives a settling rate which
differs from the settling rate of the next two or three intervals. This
settling rate is knoﬁn as the Settling Rate of Feed and is generally slower
than the others because it is, as yet, non-flocculated. The first interval
should be sufficiently long to allow complete flocculation to occur. When
flocculation is set up, the settling rate through the second interval
should be observed. This should give a value which should be duplicated
during a third and fourth interval. Sometimes, however,it is observed that
the settling rate may be a little slower( this is noticeable in thick »ulps)
but provided it is not too widely divergent from the mean, it may be
accepted as the Free Settling Rate of the Feed or the Settling Rate which
is characteristic of that dilution of flococulated slime present in the
sample.

Slime. Mishler defines slime as that part of the ore which remains
suspended after 5 minutes of settling in a 100:1 mixture of fresh water and
ground ore; the temperature of separation being 60 deg. Fahrenheit. Me
calls this Natural Slime for he assumes it to be naturally occuring in a

finely subdivided state,and is liberated by crushing.



I have shown in another section that the amount of
natural slime present in an ore may be varied by crushing. The formation
of more natural slime may be due to the greater liberation of slime by
the reduction in size of the ore particles, but I also believe that slime
can be produced from sand. Free however states that it is doubtful if sand
is ever ground sufficiently in practice torcause it to assume the colloidal
properties of natural slime, and certainly the practice of closed circuit
grinding is decreasing the amount of slime that can thus be formed.

A Free Settling Pulp is one in which the particles are fulling independ-
-ently md under the settling rate characteristic of Xkm their sizes. The
settling.rate is therefore independent of the depth of the pulp.

A Thickening Pulp is one in which further settling is taking place as a
result of the elimination of water enclosed in the flocs. Cohesion of the
flocs and the depth of the pulp both contribute to the elimination of water.
The depth of the pulp is a measure of the :mount of pressure placed upon
the underlying flocs. The water is passed up to the surface by means of
channels and tubes which are formed in the pulp and which are kept open

by the cohesion of the flocs. Obviously. therefore, the dilution of
transition between a free settling pulp and a thicxkening pulp is the
highest dilution at which these tubes and channels form, and this is a
definition of Critical dilution. It is also the dilution at which the

flocs begin to touch,and further settling then is possible only by the
formation of channels which drain the water from the interior. It is also
characterized by an abrupt change in the settling rate of the pulp line,

though this may be somewhat indefinite.



Theory of the Settlement of 5limes in a Dorr Thickener.

I will attempt to take up in chronological order
the various ideas and formulae presented upon the subject of the theory
of thickening. I shall take each in turn and I have devoted the following

section to the discussion and criticism of the formulae involved.

In 1712, an article appeared in the Eng.& Hin.J1.(Razx
(October Sth) entitled " The settlement of slimes at El Tigre," by
R.T.Mishlar. By means of tests carried out in graduates, he arrived at
certain principles of settlement :
1. Settling rate of free settling pulp is independent of pulp depth.
2. Séttling rate of thickening pulpxka is dependent upon pulp depth.
Mishler concludes his paper by developing; a formula for the area required
by a Dorr thickener, operating under ;iven conditione of feed and discharge,
The paper 1s meritorious for this reason - it is the first published account
of an attempt to correlate the settlement rates as determined by snall scale
tests in graduates,with the design of a thickener. I am presenting the
arguments of the foraula as they were published :
Let 8 = Rate of settling expressed in terms of depth of clear solution

formed per minute,

F = Feed of dry slime expressed in tons per 24 hours.
A = Area expressed in sq. ft.

R

R;= L:3 ratio of feed

R,= L:3 ratio of discharge
Then tons per day of clear solution formed = F(R1-R,)

Cubic ft. forned per minute = _32 . F(R1-RQ) = 0.0722 F(R1-R2)
1440 “

Depth of clear solution per min. = 0.0222 F(R,-R) = s
.\

Transposing A= 0.0222 F(Ry-Ry)

——— S
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In Sept. 1916 , at the Arizona meeting of the A.I.M.E.,
a paper was presented by H.5.Coe and H.S.Clevenger entitled Methods for
the Determination of the Capacities of Slime Settling tanks. It was a
paper which covered both phases of settling - i.e. both free settling and
settling under compression, and ika& formulae were developed for both area
and depth of thickener required. The paper ranks as the most important yet
written upon the subject, and the methods outlined are fundamentally the
the samne as the inethods used by the Dorr Co. today.

Coe and Clevenger both arrived at the principles
which were enunciated by Mishler some four years before, namely :
1. Clarification is a function of area.
7. Thickening is a function of tinme.

They developed a formula determining the area required,
which, on first sight, resembled the formula presented by iishler. On
céreful analysis however, it is found to radically differ in its development
its method of application andighe logical conclusions which one is forced
to make, assuming the correctness of the theory. I shall carefully
outline the theory below, and since Coe and Clevenger have not described
the evolution of the formula C =_62.35 R , I shall present its

(F - D)
development in my own words, and,I hope,in the light in which they intended

that it should be viewed.

Consider a Dorr thickener being fed with pulp
consisting of slime, sand, and water. When it is running at capacity, the
feed should be sufficiently large to keep the slime level at a constant
height. The sand settles out immediately, while the slime must be allowed
to settle. We therefore adjust the feed so that the settling rate of the

pulp line is balanced by the incoming solids.



Since we have a clear overflow and a thick discharge,
it is perfectly normal assuaption to ma<e that we have zones within the
thickener, ranging from the very high dilutions above to the zone of
critical dilution, after which, settling is a function of time. Within the
free settling zonesof the thickener; flocs of slime are falling through
each zone, and are piling up upon thé'thiékening zone below.

Let us consider any zone in the free settling zone. Let the
dilution of the zone be L : 1 ( ratio of liquids to one nart of #olid).
Consideration of the constituency of a floc indicatesthat there is some
included water in each floc; in other words, each floc possesses a liquid
to solid ratio,which is dependent on many factors, B.g. electrolyte and
its concentration, temperature, etc. The ratio is assumed to be a constant
for the particular case - let it be represenied by a dilution of D :1.

In other words, in each pound of solids dischargedfrom a
zone of dilution L , there will also be discharged D pounds of liquids.
Hence for each pound of solids leaving the zone, there will be ( L-D )
pounds of liquid clarified.

Let C represent the capacity of the zone, in terms of
pounds of solids discharged by 1 8q.ft. of the zone per hour.

Therefore C(L - D) represents pounds of liquid clarified per hour
by ! sq.ft. of.zone.

The zone possesses a settling rate which is characteristic
of its dilution. Let R represent the settling rate of the zone. Then R
will equal the cu,ft, of clear liquid formed per sy.ft. per hour.

Hence ©62.35 R equals the pounds of clear solution formed( 1 cu.ft.=62.351b)



Obviously, the liquid left behind by the departing
flocs must equal the amoun* of clear solution formed, i.e.

¢ (L-D) = 62.35R

Transposing, C = 62,35 R A & D
(L - D)

The area required to settle one ton per 24 hours is equal to

A = 2000
24 ¢
= ‘n35 (L"D) ...'...(2)
R

It will be noted that the above fdrmula is expressed in terms of slime,
since that is the part of the ore which is flocculated to aid settling.

Coe and Clevenger now propose to take a sample of the
solids in the feed, and settling rates are found for a number of dilutions
between the feed and critical dilution,am This will give various values
for L, and each will have its corresponding R, and if we assume a discharge
D , the formula can be appliegstifa series of hypothetical zones in the
tank. Note this step. Since slime represents some percentage of the
total solids present, this factor,when applied to both L and D in bringing
them to terms of slime, will be found in C (equation 1¥. If C is
reconverted to teras of total solids (sand plus slime), it will be found #kx
that the result will be the same as that found if the factor had been neg-
-lected. In other words,the factor cancels, and, for a given feed of given
sand coitent,in a given tank, we have a definite capacity for total solids,
which bears a relation to the capacity for slime in the ratio of sand-
plus-slime to slime. The amount of slime in the pulp can be disregarded,
and provided the ratio is constant, the exact value,which is difficult
to ascertain, need not be found.

Also note the assumption that the L:S ratio of

the floc equals the L:S ritio in the discharge.
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In @oe and Clevenger's o'm words, " Given the ratio of
fluid to total solids in a pulp with a known settling rate and the ratio
of fluid to total solids to be discharged, it is not necessary to know the
percentage of fluid in the flocs in order to determine the maimmm maximum
capacity of such a layer of pulp to discharge pulp of the consistency
required."

It will be apparent that the capacity of each zone will
differ from any other, due to the nature of the two variables L and R,
and their places in the formula. Coe and Clevenger thus reason : Since
each floc must,sometime or other, pass through the zone having the least
capacity, the ability of the free settling zones to handle free settling
material is limited by the ability of this zone to discharge solids. In
other words, the area of the tanx required must be the area required by the
zone of least capacity. This is the first iaportant point.

The second important point is this : Since the zone of
least capacity will be receiving more solids than it can discharge, it will
build up gradually until it will extend from the point of thickening to the
top level of the slime in the tank. The top layer should possess a settling
rate equal to that of the zone of least capacity. In other words, we
will make a predominating zone of slime which will extend throughout the
free settling zone of the tank, and which is equal in density to the density
of the slime in the calculated zone of least capacity.

These are the two features that Coe and Clevenger
emphasise in their paper, as being logical conclusions from their theory.

I have included other points,which are not specifically mentioned in

their paper, in the discussion in the next section.



In 1917, in the Transactions of the A.I.M.E.,a
paper was published entitled," Methods for the Determination of the
Capacities of Slime Settling Tanks". It was a more complete paper than
previous :
his article,inasmnuch as he gives a method for the determination of the
depth of thickener required, and he also gives a summary of the chief
features of flocculation and other settling phenomena.

Mishler claimed that his formula for determining
the area required was precisely the same as that given by Coe and Clevenger.
He considers the existence of another zone,which is of a feed dilution. It
is nonflocculated in the centre of the tank, but is flocculated at the
periphery. Hence another zone must be considered, which is at the dilution
of the feed, and which possesses a settling rate equal to that of non-
-flocculated feed. This zone, of couree, has a low valued settling rate
which is sufficiently small to make the zone become the zone of least
capacity, I believe, in nine cases out of ten.

He has also stated certain facts in connection with
slime settlement that I have covered elsewhere in this paper. He has
also presented a graphical method by which both area and depth may be
found.

Coe, in a discussion upon the paper, remarks that
Mishler's methods should give good results, but he very weakly criticises
the formula for area determination, which is rather unfortunate as I
will attempt to show. The formulae are so widely divergent in their
fundamentala that reconciliation is impossible. Obviously, the formula
as applied in 191/ was that developed by Coe and Clevenger, for 'lishler

agrees with the idea of a predominent zone, which may be other than

that of the feed.



fnalysis and Criticism of the Formulae upon Area.

Any discussion upon the problem of area
in settlement may be summarized into the relative values of the formulae
presented by Mishler and by Coe and Clevenger.

Let us consider the development of the formula
as given by !Mishler in his 1912 article. He assumes that the uppér layer
of slime is at a dilution equal to that of the feed. In 1217, he explains
this by stating that, at Tigre, arez is governed by the feed dilution
horizon. This pulp therefore settles at a rate equal to that of the
feed. He does not state whether this rate was equal to the Settling
Rate of the Feed or the Fre- Settling Pate of the Feed. In 1917, however,
he applies the formula, using the»Settling Rate of the Fedd. He then
explains his reason for this, by assuming that there is a horizon at
feed dilution which extends from the centre of the thickener to the
periphery. Since the centre is non-flocculated while the periphery
is fully flocculated, the mean of these two settling rates is the
correct one. To be on the safe side, he takes the smaller of the two.

He, curiously enough; states that his formula
is " similar to that adopted " by Coe-Clevenger. The formulae are
8o radically different, both in their development and the conclusions
that one must draw £xam azsk , that I cannot see any justification
for this remark.

Applying Coe-Clevenger's formula to the figures
found by Hishler (1917) upon the settling rates of Tigre ore at various
dilutions,‘I find that the result so obtained differs from the result
found by Mishler, by almost 20%, It is interssting to note that the

governing zone is but slightly different from the dilution of the feed.



It is reasonable to suppose that there is a zone
of constant density in the thickener when it is operated at cupacity.
We have both experimental and logical -evidence that such is the case.
It is also a mathematical fact that if we have many zones in a tank,
with various capacities, the zone of least capacity will build up. Its inmk
1naﬁility to discharge solids as fast as solids are being fed into it,
will cause it to increase in size.

Under the terms of lishler's formula, we are
to assume that in some cases, there is a zone of least capacity, wkam=z
the inebility of which to discharge solids is due to its non-flocculated
condition. .The conclusion that we =aust make is that this zone will
build up in the thickener ; in other words, the free settling portion
of the thickener will then ccnsist of non-flocculated slime -~ a condition
which is both ridiculous and inconceivable.

The second and most striking argument perhaps,
is that if the dilution of the feed should happen to be lower than
critical dilution, we cannot possibly use the formula, for the value
of the settling rate of the feed will be ifndeterminable.

Another important conclusion that we must
make, assuming the truth of !Mishler's formula, is that the dilution of
the feed is an important feature of the design of the area. Curiously
enough, this seems to be borne out, for analysis of the tests made upén the
thickener show a decided tendency in this direction. Its significance is
as yet indeterminable, for there are some thick feeds which are below

critical dilution. I have discussed this point in a later ssction.
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Consideration of Coe and Clevenger's formula show
that there are many points that they have left unexplained.

They gave no explamation of the reason why the
percentage of standard slime could be neglected in tneir formula for
capacity. They merely indicated that such was the casec by a numerical
example, but did not show thal it was a factor which, when spplied both to
the denominator and slso to the res.ilt obtained, cancelled. They did not
show that it was therefore numerically insignificant, provided it was of
constant value. Its oniy value lies in the conversion of cajacity-for-
solids into capacity-for-sliae.

Another important feature is the assumption that the
dilution of floc equals the dilution of discharge. I have quoted their
statement in this connection in anotner section. Their reason for
this is obscure, and they have clouded it by a numerical example.

I believe that equation 1. is just as applicable if we consider " d " to
represent dilution of the dischirge, instead of the dilution of the floc.
It is apparent thut if thickening is teking place, there muat be a return
of water from the thickening zone of the tank. This returning water eanters
the free-settling zone above, and as a result the true discharge from the
zone 18 the algebraic sum of the downward passing of floc dilution and

the upward return of the water which has been sgueezed out of the floes.
This sum is equal to the actual dilutio. of discharge. The theoretical
result qay be affected somewhat by this upward current from the taickening
zone, but I consider that this is negligible. The process of tiickening is
a 3low one; and water is released as w1 result of the pressure of the
overlying material and the cohe&len of the flocs tneaselves, Thus it may be

seen that it is a very graidual process.



The settling rate of the surface layer is the
important point in the theory for it is the rate at which clear liquid is
being formed. That it will not be affected by the rate at which liquid is
liberated in the thickening zone can be shown from the following example:
Suppose that there is three feet of free settling pulp in the tank, and
let us suppose that there is a returning current 6f 0.1 ft. per hour
velocity. Then it will be seen that the current will affect the surface
after thirty hours from the time of liberation, and I believe that the
following will take place: The rising current will dilute the free-
settling zone above for a distance of, let us say, two or three inches.
This will give a new dilution, which w&¥¥ as a result will have a greater
capacity than before. An adjustment will then take place, and the

reverse{(from that which
tankwill come back to normal. It will be precisely the mama& phenomena ax
would occur when a zone of least capacity is building. Since it would be
receiving more solids than it could discharge,it would moment:rily become
thicker, but this resulting change in dilution meauns an increase in
capacity, and the zone would then discharge faster than it would be
receiving. When the dilution is increased sufficiently, the zone comes
back to normal. It must be distinctly borne in mind that the
rising current effect is a very small one,due to the slowv rate of
thickening, and that the velocity is very snall, very much smaller than
the value of P.1 ft. per hour, which I assumed in the above discussion.
ghis is the reason, I think, which makes the assumption valid, and thet &

the dilution of floc is not the only factor involved in the discharge

from a zone.



We thus have a peculiar condition arising in the
thickener . We have a dilution of the zone, which should give an increased
settling rate. But obviously the settling rate will be decreased by the
rising current. Will these two opposing factors balance as I have
described, so that the capacity of the zone affected will be the saie as
that of the predominaqt zone? Prof. Bell has suggeeted that if my
explanation is found to be incorrect, the formula should then be modified
by a factor which includes the rate of thickening, which can be converted
to terms of a rising current. This value can then be subtracted from

the settling rate of each dilution of zone.
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What are the experimental conditions that must be fulfilled in order to
test Coe and Clevenger's theory? What indications should one expect to
find to verify the truth of the theory? The answers to these two
éueationa are the fundamentals of tnaickener operation.

A thickener is running at capacity when :

1. The density of the discharge-plus-overflow equals the density of the
feed.

2. The slime level is at a constant height, and further adjustment of feed
is unnecessary.

3. The discharge is constant in density.

4. The slime-to-total-solids ratiois equal in both discharge-plus-overflow
and feed. This can be verified by settling rates. If the densities are
the same but the settling rates are found to differ, it is evident that
the sample witn the highest settling rate will contain more sand and
less slime than the other sample.

Yhen these four conditions are attained, the thickener is known to be

operating at capacity.

We should then expect to find,in verification

of Coe and Clevenger's theory, the following :

1. That the maximum theoretical area required by the feed ( determined by
small scale settling tests) equals the actual area found in a test.

2. That the dilution of slime of the dilution requiring maximum theoretical
equals the predonminant dilution found in actual test, or
Dilution of actual zone ¢ Dilution of theoretical maximum area zone

(total solids dilution) :: 1 : Percentage of slime in total solids



In closing, I may review certain of the distinguish-

-ing features of Coe and Clevenger's theory, and more particularly those

points which show that it hns a more logical aspect than the other.

1. It is the only theory which proves the existence of a zone of constant
density - the presence of which is an experimental fact.

2. The theory shows the applicability of small scale tests to the design
of a thickener. By locating the predominant zone or zone of least
capacity, we can design the thickener to handle the required tonnage.

3. A conclusion that we must make is that the tonnage handled by a given
thickener, giving a constant discharge, will be the same, irrespective
of the dilution of the feed. For since every solid particle must pass
thirough the zone of least capacity, this zone will be the same for
all dilutions of feed.

4. The theory shows that the ratio of slise-to-total-solids in the feed
is of immaterial value, and provided it does not vary, the capacity
or area determined will be the actual capacity or area found by test.
It must be realized that any change in the slime- to-total-solids
ratio of the feed or discharge will change the predominant zone
and hence change the capacity for total solids. The capacity for
slime should be the same in all cases, though it is an arbitrary line

between slime and sand.



Thickeining of Pulps.

Mishler.
This formule was brought forward by :lishler in 1917, and it is

a very ingeneous nethod for the determination of depth.
Let C = Critical dilution(expressed as an L:S ratio)-

D = Discharge dilution(expressed as an L:S ratio),

T = Average settling rate per foot of depth, in settling from

the dilution of C to the dailution of D.

X = Depth of the tank in feet.
Using the reasoning as applied to the case of freg settling pulps,
Cubic feet of clear solution per hour = 1.35 (C - D)

Since the rate of settlement in the thickening zone is proportional to

the depth,
Cubic feet of clear solution per hour = X x T x A
Theféfore
X = 1.35 (C - D)
A x T

conducted
It is obvious that T is to found by settling rates mazmxkas &m in a

special cylinder, in which the depth of pulp is the important point.
The method of testing is as follows :

A cylindrical graduate must be used, and it must be mariked at the following

depths :
Depths in feet Depths in feet Depths in feet
1.160 0.778 0.5M
1.07%0 0. 704 0.471
0.950 0.63%6 0L AT

0.860 0.576 0.386



2.

It will be observed that each depth is
95/105 th, of the precedding depth, and taat the distance settled between
two consecutive marke is one-tenth of the mean depth of pulp.

Fill the graduate to the 1.050 ft. mark with
pulp at exactly critical dilution, and add solution of the same strength
to bring the level to the 1.160 ft. mark. Agitate and allow the pulp to
settle. When the pulp line reaches the !'.050 f£t. marx, it should be fully
flocoulated, and readings should then be taken when the pulp line passes
each mark. The dilutions of pulp nay be successively calculated from the

value of critical dilution by the formula :

D = 0.205C - _0.095
where 0
D and C are dilutions at two consecutive depths,and
G 1is the specific gravity of dry pulp.
The average sctitiling rate for any dilution of discharge can be calculated
by assuuaing each interval as one-tenth of a foot, and by dividing the
total distance settled by the time taken in settling to the dilution of &%=
discharge.

It will be observed that no mention is made of attempting to
duplicate the action of the rakes. The raices aid the flocs in the
elinination of water, by pressing the liquid out. Faster thickening and
a thicker maximum density is attainable when the pulp is stirred, and it
gshould give a more representative thickening rate. Coe and Clevenger
mention this point bul do not emphasise it, and do not refer to it when
the method for determining height is being explained. The Dorr Co. however

insist that the pulp should be stirred continously or interumittently,

preferably after each reading.



The 1ethod used by thae Dorr Co. today is
essentially that outlined by Coe and Blevenger. The method for the
calculation of height is as follows

The time required in the thicxening of a pulp from
critical dilution to the dilution of discharge reguired, is noted. This
value multiplied by’the capacity of the tank will give the tonnage which
raust be stored in the thickening zone. Froxn the settling test which was
made in order to find the time required for thickening, we may calculate
the average dilution of the thickenin; zone.Thus, knowing the dilution
of the thickening zone and tonnage which must be gtored, we can calculate &x
the volume required for storage. Since area n1as already veen determined,
the height required can be calculated.

In the section upon "Testing", I have copied the
Coe-Clevenger Method for the determination of ares and height from the
Dorr laboratory manual - for their methods are essentially kthase the
same as sgggeeted by Coe and Clevenger. For this reason,l have not included
them at this point, and I have also copied an exampls which was fully
worked out in the manual, showing the application of the nethod described
above.

Unfortunately, lack of time prevented any serious
attempt being made upon the problem of heigit, for, as I have outlined
in the introduction, all available time was devoted to the problea of area.
Siace height can be sacrificed for area, slizht arrors can be compensated
for by allowing a margin of safety in the area required. Area is the most
inportant of the two, and all problems in connection vith it, should be
cleared up first. Area decides the capacity of the thic«<ener, mhikax whilst
height decides the discharge dilution. The two,of ciurse, are interrelated

and this st be borne in mindwhen thickener operation is considered.
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Testin:

I an presenting the two methods of testing for comparitive purposes alone.
There is but little doubt that the methods outlined by {ishler are more
laborious than the methods followed by the Dorr Co. I have carried out
tests on both free settling pulps and thickening pulos, and using both
methods, and ny personal opinion is that thé Dorr Co method is the easier
of the two. 1In the determination of ares, the principle is the saue,

but Mishler's method requires more preliminary work than the other. Bottles
of each dilution of pulp have to be made up, whereas in the Dorr method
dilutions are changed by siphoning off clear liquid. This gives a closer
series of dilutions, and they can be easily checked by wnaking up a new
graduate-ful of pulp equal in density to the last dilution in the previous
gradusate., I do not feel qualified to criticise the two methods for
determinin; height, but they apnear to be similar in »rinciple. I have
found, however, that the Dorr iethod is the simpler and the least tiresome
of the two, for readings are taken at time intervals instead of space
intervals, which reguire a little more supervision. Whether it is the

1ore accuarate of the two is problematical.

{ishler's method for determinin: area.

A sraduate is filiec to the 1 ft, mark with pulp of the required dilution.
It is sgitated and allowed to settle. The settling rate is observed as the
pulp line passes through the first 0.0% f£t. ThisAgives the settling rate
of the feed. The settling rate through the second Q0.05ft. is the free
settling rate of the dilution. The value for each dilution and its
corresponding settling rate is then sibstituted inthe formula. The dilution
of the feed and its settling rate is also appslied. The largest area found
is the area required by the thickener per toa per day.

‘fishler's method for determining dejth. I have outlined the :ethod in the

section 1pon " Thickening".



Dorr Co. Methods.
I

I have copied the methods below described from the laboratory manual of the
Dorr Co. and I have made no attempt to explain the psrocedure outlined. It

is also found in Hamilton's ‘anual of Cyanidation, though in briefer forn.
n

Sources of error.
The principle sources of poor results from settling tests are :-

1. The proportion of sand to slime in the sa:e sample is not truly
representative of actual conditions.

. The quantity of reagents in solution is allowed to change.
5. The screen analysis of the solids does not conform to practice.
4. The testing is conducted at a different temperature from practice.
“. The sample is ground dry instead of wet.
6. Standing a lonz time in solution may decrease rate.

is very carefully
Unless each of the above conditions #xa avotided, the results of the
settlin; tests mxm may be valueless.
Procedure 1. Determination of ssecific gravity of solution and solids.
Pour the saiple into an earthen-ware vessel of sufficient capacit& to hold
tne entire volume. Thoroughly mix by stirriﬁg with a paddle, being sure
that all lumps are disintegrated. Weight a 1000 c¢.c. calibrated flasxk.
Again mix the sample tnhoroughly and fill the flask up to the mark with a
representative sample of pulp. Weigh the flasik full. Filter off the solids,
dry and weigh.
Determine-the specific gravity of the filtered solution by means of a
hydroaeter or by weighin_  a carefully determined voluae.

The specitic gravity of the solids should now be calculated and recorded

for furture use.
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Let Weight in grams of 1700c¢c flask and pulp = a
Weight in grams of 1000¢c flasic = b
Weight in grams of pulp = a-b = ¢
Weisht of solids in 1000cc pulp = d

Specific gravity of solution = e
Then - c=-d = grams of solution
c - d = ¢ ¢ of solution
e
1000 - ¢ ~-d = ¢ ¢ of solids
e
d = anecific gravity of solids.
1000 - ¢ - d
e
Procedure 2, Determination of the maximum density of thickener discharge,

Mix the sample a8 in Prccedure ! and fill a 170 cc graduated cylinder up
to the 1000 cc mark. Thoroughly 2ix while in the graduate. Allow the pulp
to settle undisturbed, taking readings in cc every <0 mins. at the line of
demarkation between the solution and settling solids. When there is an
abrupt decrease in the rate of aet@lement, after which settling constantly
gets slower and slower, compression or hindered settling has begun. After
this, record readings at one, two or threé hour periods, depending on
quickness of settlement, stirring the pulp gently with a glass rod aftér
each reading. When no further subsidence of the »ulp line is noticed after
five hours, consider that the final density has been reached.

Filter, dry and weigh the solids. Calculate the final density as follows,
recording all figures for subsequent use:

Only consider the pulp in the compression zone and let a, b, c, etc.

represent the graduate readings after the respective intervals.
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Let W =  raas of dry solids in graduate

G = specifig ravity of dry solids

D = specific gravity of solution

W = cc of dry solids in graduate = C
G

Then D{a-C) , D(b-G) etc, is the ratio by weight of solution to solids
after thz feSpectivz intervals of time. |

Calculate each dilution and record the results. The final density will
represent the final density of thickener discharge.

Procedure 3. Determination of settlement area reguired.

fix the sample as in procedure ! and fill a 1Q00 cc graduate up to the
1°00cc wmarx. Thoroughly nix whilé in the graduate. Af'ter naixing allow the
golids to settle approximately 1/4 ". Record the cc reading of the pulp
line and the time at which this readinz was taken. Allow to settle
undisturbed Por three minutes, at which time azain record the reading of thé
pulp line. Take similar readings at 6 and 9 minutes.

Allow the pulp to settle until 190 cc of clear solution can be decanted
off. Decant off 100 ¢c, mix and repeat the readings as before. When this
has been done, decant off 100 cc more of clear solution. The pulp volune
will now be 0J ce. Again rate the settlement as before. laxe one more
decantation 'of 170 cc and repeat. Filter, dry and weigh the solids.
Thoroughly :aix the sample in the eartien-ware vessel, measure out 1500cc
of pulp and place in a suitable vessel. Allow the solids to settle and
decant off 500 cc of solution. Place the remaining 1000cc of pulp in a
1000 ¢c graduated cylinder and get the rateé of settlement at dilutions
corresponding to 1000cc, ©70cec, etc., as outlined before.

Measure out 2000 cc of pulp , thicken to 1000 cc and repeat.

Do the same with 3270 cc of pulp, after decanting ™0 cc.



a4 S .

Calculate the required area a. follows :

‘leasure the nuwiber of cc gradiations on the cylinder corresponding to

one foot. Froix this get the value of 1 cc in feet.Froa this convert all the
reaiings ia cc per 9 minutes into feet per hour. Calculate from th«

weigzit of solids in the cylinder and from the specific gravity of the
solids the dilutions corresponding to the respective rates of settlement.
Apoly the formula A = 1.333 (F-D) , where F is the dilution at which

R
each of the readings R were taken, and D the final density found in

Procedure 2. The largest value of A will be the thicxkener areu required in

sq. ft. per ton of aolidé settled »er 24 hours.
Procedure 4. Determination of the depth of compr-ssion zone.
The data necessary for this determination have been obtained under
Procedure 2. Calculate fro:a these data the average dilution in the conm-
-presiion zone, The area necessary for the settlement has been obtained
under “rocedure 3. Convert this figure into pounds of solids per sq.ft.
per hour by multiplying the area by 24 and dividing the result into 2000,
as 2?00 . The pounds per sqafts per hour taultiplied by the number of
24
hours whiih the pulp nmust be held in the compression zone will give the
pounds of colids which it is necessary to hold in storage. The pounds of
pulp .aay then be calculnted , knowing the average dilution. Fpom this,
the cubic feet necessary iay be computed. As, however, we are on a base
of 1 8q.ft., the cu.ic feet in this case is eq.uivalent to the vertical feet!
there
To this value is added the depth required by the feedwell. Another factor
which must be added istnis :Two-thirds of the maximua depth of the aras

(slone of 1.75 inches per foot) is ineffective due to the solids building

4> under the rakes, and this .aust be included ia the depth re.uired.



Apparatus used,

A Dorr thickener was inetalled and erected during February and the first
two weeks of iMarch 1924, It was 6'-2" high and 5' in diameter. The walls
were continueddown for a further 2'-6", and the thickeher was supported
by this cylindrical shell. A circular doorway was cut in this, to allow
frec access to the thickener discharge cock. The centre of the floor of
the thickener was cut out, and an 13" 90degree cone of cast iron was
placed in it. A 1" hole in the apex gave an orifice for discharge. The
discharge was regulated by & cock which is raxukaksd operated from wkkhaum
without the cylinder. The discharge passes down, and is turned at right
angles into a 3/8" pipe which leads the discharge out of the cylinder.
Another right anglevbend and the 3/8" pipe is rebushed to a 1" nipple,
vertically downwards. On the end of this, caps with drilled orifices of
known diameter are screwed. The orifices are changed when changes in the
amount of discharge are required. The discharge falls into a,laundér,
which leads io the collecting cone. At first, the discharge pipe was

not used, and the discharge was passed into a Imxxex short launder, which
fod the collecting cone launder. But the splashing of the discharge and
the disconf'ort of changing orifices under the thickener were features
that were not desirable, and the pipe was put in to allow greater freedon.
It was found that no thickenéng was taking place in the pipe, and the
results could not be affected.

The thickener overflow launder is 4'-11" in diemeter,
and is suspended within the thickener by three rods,fastened to the
launder by nuts{locked), and which were drilled at foot lengths to allow

launder
the insertion of a pin, which held the thic«ener at levels which could
be changed. The pin was locked by a plate which was bored to take the rod.

The overflow launder bottom is drilled in one place ma

and the overflow passes through it down a pipe in the thickener, and is

directed through a cock in the side to an external pipe leading to the
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Bischarge lauander. 1" cocks are placed at intervals of !' throughout
the depth of the thickener, so that the launder can be placed at different
levels without changing ‘the internal overflow pipe.

In the side of the thickener are placed 12 41/2"
cocks, the first 3" from the top, and the remainder are 5" apart and are
stagzered ?" from the vertical. Small samples from the interior are taken
by these cocks for specific gravity measurements. & 5" pipe and elbow are
acrewed into each so that a good saaple, unaffectéd by the walls of the
thickener, can pe obtained from each.

The feedwell is 13" in diaueter.of gdlvanized
iron, :id 13 15" deep, being 3" above the level of tic RaadwaiX overflow.
A 1 1/2" thick boardis rigidly bolted in the centré of the feedwell,
tightly fitting the cylinder and a 2 1/2" hole is bored out of the centre
for the central shaft. A great number of 1/?" holes are bored in the wood
which serve to baffle the Peod. A skéve('iDuesh) was used to take any
coarse foreign matter from the feed before it entered the thickener, and
this was bolted %o the feedwell.

The feed is tapped from the central pipe of a
pachuca, just below the famadwxzXX cone, by a horizontal pipe leading to the
feedwell. The central pipe gives a more representative sample of the
contents ol the pachuca than a sample taken from without the central pipe.
The pachuca when full ias approximately 14' high but 12' of pulp constitutes
a charge. Samples are taken frou a 3/4" cock,3' from the bottom of the
pachuca,which taps the central pipe.

The central pipe of the pachiica has an extension of
galvanized iron with a brass frustrun at one end which can be lowered to
tightly fit the apex of the cone of the pachuca. The top:iof the extension
is covered with a hood,which diverte the uplift of puip inyo a horizontal

direction with little splash.



When the pachuca air is closed, the extension is lowered and the frustrum
seals the upper part of the pachuca from tne lower. This means that lesse
slime is allowed to settle on the bottom and the air can be used to
recommence agitation, even after considerable lapse of time, during which

all the
the slime has caked at the bottom. Without this, slime would cake and

cover the xgi;: inlet which would be rendered useless as sufficient
pressure could not be supplied to break up the slime.

The discharge and the overflow meet in a launder
which convey¥ the two products to a collecting cone. They are mixed in the
svirl caused by the overflow. The Discharge-and-overflow sample is taken
froa the the edge of the launder hszixﬂ the two are feeding into the
cone. The pulp in the cone is returned to the pachuca, or to the feedwell.

A floortank or suap is used to store the slime
which is not required.
A crozs: is provided at the pump to handle:-
1. Stamp battery product which is passed to a cone classifier - the slime
from which is fed to a settling cone.
2. The material in the floor tank - which can be added to the circuit
when necessary.

5. The discharge and overflow -in the collectin; cone which is returned to

the pachuca or to the thiczener.
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Procedure

This may be divided into two sections :

1. The preliminary proceedings which must be carried out to give a free
flow through the discharge pipe,

2. The procedure to be followed during the test I.e. samnles and sampling,

]

"balencing" of the thickener, final samples, etc.

1. Preliminary proceddings .

Whenthe slime in the thicikener has been allowed to settle after a test, it
cakes or cements upon the floor of the thickemer, and the stirring arms
must be run daily to kx break this up and to give the settled pulp a slight
agitation. A 1" pipe is screwed into the cross at the bottom of the cone,
and the discharge cock is opened. The discharge pipe is then closed(either
by placin; the palm of the hand over the opening or by screwing a cap over
the end), and high pressure water is admitted through another arm of the
cross. It breaks its way through the pulp in thg cone, thus giving a free
flow. A few applications of this high pressure water is sufficient to

give the desired result.

The thickener is then given an overflow which combines with the discharge
and the two are passed into the collecting cone, from whence the pulp is xehk
returned directly to the thickener.

The pachuca can then be agitated. The air is admitted, and the extensible
air 1ift in the pachuca is then lifted from its resting place at the

bottom of the cone. The amount of slime covering the air inlet is but

a very suaall portion of the total slime in the pachuce, and the air should
break its way through easily.

The thickener meanwhile has been put in agitation by weans of the discharge
plus overflow feed. The lime content in both pachuca and thickener can then

be brought up to the required strensth. The specific gravity of the



Pachuca can then be brougnt to .the required value either by feeding it
with discharge slime or by diluting it with water and lime, thus raising
or lowering the specific sravity, respectively.

When the thictener hus been sgitated sufficiently, the slizne from the feed
becomes distributed through-,ut the ihickener, and the pulp level in the
thickener rises. "7hen it reaches the desired level, the test can then be

started. Put on the 3/8 " discharge pipe, bushed to tace a 1" cap.

Starting the test.

Adjust the overhead cocks so that the discharge nlus overflow is returned
to the pachuca, and open the pachuca feed plpe to the thickener. Put a
with an orifice
cap on the discharge pipe of sufficient diameter to give a discharge plus
overflow equal in density to the density in the pachuca. The feed should be
opened.eufficiently wide to keep the pulp line at a constant heighg.
Increasing the feed means a. increased overflow, and the discharge orifice w
must be increased to balance the fall in density which would reeult.
Density samples are taken every fifteen minutes of discharge, discharge
plus overflow, and feed. The thickener is considered %o be balanced when $
1. The feed density equals the density of the discharge plus overflow.
2. The slime level remains 2t a constant heipht without change.
%, The density of the discharge is constant.
In the light of experience, I would also suggzest that settling rates should
be carried out on both feed and discharge-plus-overflow , and these should
be found to be equal. This is one of the most important features of the
palance, for a Ehaxgxm discrepancy between feed and discharge-plus-overflow
gettlin_ rates mean that the ratio of slime to total soliids is not constant
gnd 1s therefore changing the quality of the f'eed. The test for the
balance of the thickener must also include this test. When the two
settling rates are equal, we are then positive that the discharge is of ihe

same quality 1s the feed, and that we are taking out -of the thickener
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exactly the same material as we are feeding.

When these four oonditions.have been complied
with, the thickener may be considered as being balanced.

Then this balance must be maintained over a
certain period which may be one hour or even longer, depending on the
confidence that the operator holds, whether or not the thickener is
running at capacity.

When the operator feels that the thickener
is running at capacity, and sufficient time has elapsed to show that
further change is unlikely, the final weight samples can be taken.
Let us suppose that the discharge-plus-overflow density has been very
steady for a considerable time. It is then reasonable to suppose that any
8light difference that it may have had in comparison with the feed, at the
beginning, is now reduced to nothing - for thé feed changes with change of
discharge. We can thus say that the weight of solids in the discharge
equals the weight of solids in the feed. By taking careful samples of the
discharge and overflow, we can say that theirrsum equals the weight sample
of the feed. The two samples should be taxen simultaneously, so that the
pachuca is unchanged. The collecting cone must be regulated so that the
lack of discharge-plus-overflow feed will not allow the level to fall too
low in the cone.
The second step is to t:axe specific readings of all the

small cocks in the side of the thickener. This can bé carried out in a
XER 250 cc flask and funnel. The samples should be taken from the top cock
downwards, as this will not affect the %) thickener so appreciably as if
the sauples were take: in the reverse order.

A check samuple of the feed can now be taken. The feed is
diverted from the feedwell into a small pipe leading to thc discharge-plus-

-overflow launder. This sample should weigh the sanme as the discharge plus



overflow combined.

Testing can now be carried on . The sample of feed
can hbe diluted with overflow liquid, if necessary; and settling rates are
determined. Testing should also be carried out for the slime in the tank.
Samples are taeken froa the small cocks in the tank, and the settling rates

of the alime dilution of the predominant zone are observed.

Changing the dilution of the feed.

If the dilution required is higher than the dkix
dilution of the completed test, the discharge cock should be closed and
clear overflow is then nassed %to- the pachucsa. Aﬁother method is to divert
the material to the feedwell instea. o' X& the pachuca . This will give a
diacharge-»lus-overflow feed to the thickener. The Pachuca can then be
diluted by lettin, slime pass into the floor tank, and replacing it with
water and lime of the required amount to bring the strength back to the
original wvalue. “Then the dilution required is aﬁtained, the feed can
can be opened, and the material in the collecting cone can be pumped again
into the pachuca. Another test can then be run witiout loss of time.

If the dilution required is l=ss than that of the
test, the feed pipe should be closed and the discharge can then be pumped
into the pachuca, thus altering the dilution to a lower value. The overflow
will cease when the feed is closed. 1Ir there is a storage of slime in the
floor tank, it may be pumped directly into the pachuca, and thus altering ki
the feed., Some water of course 1ust be taken out of the system, and this

may best be taken from the overflow.
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RESULTS OF TESTS CARRIED OUT ON A FIVE&FOOT THICKENER.

Test 1. March 1424, D & 0 = Discharge-plus-overflow.
Logz Sheet of Test
' Feed D&O Diacharge
Time 8pGr CaQ SpGr CaQ SpGr Cal Notes
h ho L7107 1.71 Room 6ldeg.
L; 5 1,16 1.15 {!2Borifice
5.00 tank .47
5.1%  1.16 1.17 .47
7.0 1.18 1.15 Room65deg
7.35 1,12 .48 1,10
8.00 1.9 1.07
.15 1,00 .19 1,115 1.66
8.2% 1,000 1.110 1.65
2.00 1.09 1.110 f
9.1 ran
.15 1,00 1.110
.30 1.00 1.110 730 -
n.A4s 100 1.007
1770 1, 1C 1. 105 :
10.50  1.10% 1.110 1.62
Sanple Density L : 3  ¥bs/min Solids Liquids
Feed 1.105 5.6 5. 05 5.5 30.715
Discharge 1.047 N.O" 9.31 <) 3.7
Overflow 1.00 27.2 27.2
Small cocks Density Small cocxs  Density
g 1. 1.066 2, 1.7
2. .11 10, 1,333,
3. t.127 11.: 1,400
4, 1.12k 1. 1.07
S 1.123
6. 1.132 ‘
7. 1.140 Average density of zone 1.126
8. 1.170 or 4,6

Aree actually required 4.9 sq.ft./ ton/ day.



Test 2.
Feed
Time S8pGr Cal
R.30
2.%0 1.27
2.4% .27 .57
3.05 .27
3.15 A4
3.30 .77
3.45  1.265
3.% 1.26 k4
4o 1.26 .55
4,50 1.26
4,45 1,77
5,00 1.27
5.20 1,265
5.30
5.45 1,26
6.00
6.3 1.255
6,30 1.25%
6.45 1,255 .45
7.00 1.24
7.0%
70 15 1.2l¥
7.25 1.245%
7-40 1.25
7.5 1,265
8.450" 1.72%%
2.00 1.2%
9.10 1,255
2.25 1,24
5.30 1.24 .42
.40 1.24
~L 45 1,24
10.00 1.245
10.05 1.24%

Cock Density - Cock
1. 1.100 5
2. 1.108 6.
3, 1,132 7.
4, 1.132 8,

Average density of zone
Sample Density
Feed 1.245%
DyexRiond 1.000
Discharge 1.59

S

Actual area required

D&O Discharge
SpGr Qa0 SpGr Ca0
1.33 1.60
1.27 1.60
1.29 1.595
1.27 1.60
1.25 1.59
1,24
1.28 1.595
1.26 '

1.26 1.585%
1.27 1.58
1.27 1.58
1.255 1.58
1.26 1.58
1,24 1.58
1.275 1.58
1.275 1.58
1.215 1.58
1.2725

1.23

1.28

1.7

1.255 1.60
1.27

1.27 1.57
1.22

1.22

1.23

1.25

1.26

1.26

1,235 1.59
1.245

Density Cocle

1.132 9.

1.136 10.

1.136 1.

1. 140 12.

1.135 or 4.3 : 1,

L:S Lbs/min

2,2 27.4
13.4
0.70 15.0

3.1 8q.ft./ton/day.

Notes
110
16

17

12039

1 =42

#15
1k

#13
£12

113
B4

f12

13
114

Density
1. 146

1. 150
1.162

1.202

Bolide
8.55

8.8

Liquidse
18.9
13.4

6.2



Test J. March 21-24,

Feed D&O Discharge
Time  SpGr Ca0 SpGr Ca0 SpGr Cal Notes
1.2 1.18 1.07 1.31
1.35 1.03 #16
1.40 1.08
1.45 1,16 1.12
1.50 1,12
1.55 1.12
2.10 S1 0 1,12 54 #10
2,15 V.14 1.13
2,20  1.13 1,16 1.24
2.35 1,14 52 1,13 .56 1.24
2.5  1.13 1.1? 1.34
3.05 1,13 52 1,12 1.25
3.20 1,13 1. 11 1.25
3.3% 1,135 .52 1.4 1.26
3.5 1,13 1.14 1.26
o= 1.4 52 1.4 sS4 1.25
.20 1,135 1.15 1.26
4,35 1,14 .52 1,14 1.26
4,% 1.4 1.14 1.26
5.05 1,14 S50 1,12 1.26
5.20 1,13 1,145 1.26
5.3% 1,13 .55 1.145 1.255
5.50 1.14 1xx§ 1.15 1.25
6.00 1,145 46 1,145 1.26
6.15 1.145 1. 145 1.2%
6.30 1.1 53 1,145 1.265
6.45 1.4 1,145 .51 1,26
7.00 1.14 50 1,145 1.26
7.15 1,14 1.14 1.255
7.30 .14 52 1,145 1.26
7.45 .14 1.145 1.255
8.00 1.4 50 1.4 1,26
8.15 1.4 1,135 1,255
8.30 1.145 .51 1.4 1.26
8.45 1.145 1,145 1.255 47
9.00 1.4 A7 115 1.265
Cock Density Cock  Density Cock  Density
1. 1. 100 5., 1.120 9. 14422
2. 1.108 6. 1.120 10, 1.122
3, 1.120 7. 1.120 1. 1.128
b, 1.120 8. 1.120 12. 1.188
Average density of zone 1.120 or 4.9 3 1.
Sample  Density  LiS Wt/nin. Solids  Liquid
Feed 4. 145 3.9 28.8 5.9 22.9
Discharge 1,265 2.0: 17.7 5.9 11.8

Overflow 1,000 11.6 1.6

Actual area required £ 4.5 nﬁ.%&.\eo:\aww.



Test 4. March 21-25.
Feed D&O Discharge
Time S8pGr Ca0 SpGr Cal SpGr  Ca0 Notes
27
12,00 1.06 1,10 #30
12.05 1.065 1.08 Feed cl.
12.15 1.05% 1.08 #31
12.2% 1.07 1.07 .41
12,30 .52 1.07 .51
12.45 1,06 1.07 1.38
1.00 1.06 .43 1.07 1.37
1.15 1.06 1.07 1.34
1.30 1.06 .48 1.06 1.34
1.4% 1,06 1.07 1.345
2,00 1.06 47 1.06 1.34
2,15 1,06 1.06 1.33
2.30 1.06 .46 1.06 .47 1.335
Cocks Density Cocks Density Cocks Density
1. 1.052 5. 1.100 9.9, 1.248
2. 1.088 6. 1.100 10. 1.276
3 1. 100 7. 1. 100 11, 1.280
4. 1. 100 8. 1. 1042 12. 1.292
Average density of zone 1.100 or 5.9 : 1.
Sample. Density L:8 Lbs/min. Selids  Liquid
Feed A4/#1.06 10.2 39,72 3.5 35.7
Diacharge 1.335 1.5 8.35 3.35 5.0
Overflew 1.000 30.9 30.9
Feed.
Li8 Sett.Rate Area L:S BSett.Rate
19.2 3.00 5.85 5.0 1.15
9.2 2.6 0 3.94 5¢3 0.8%
8.3 1.78 5.08 4.7 0.71
7.5 1.63 h,90 3.9 0.60
6.8 1.34 5.26

Settling Rate of feed 2.2 ft/hr.

Feed contains
Computed Area required
Actual Area required
diln,
Computed of zone
Actual diln.of zone

4,7:1

Area(Mishler) 5.2
53 % Standard Slime.

6.0 sq.ft./ton/day.
7.6 8q.ft,/ton/day.

or 8.3:1 of slime.

5.9:1 of slime.

e
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Test 5. March 27-"4,
Feed D&O Discharge
Time 8SpGr Ca0 SpGr Ca0 SpGr Ca0 Notes
12.30 #21
12.40 1,09 1.1 1.48
12,50 1.09 1.095 1.43 #45
1 .00 1.12 1.365 #9
.15 1,10 1.10
1.30 1.1 .10 1.36
1.45 1,11 1.10
2.00 1.1 1.10 1.58
2,1% 1.10 .40 1.12 1.39
2.30 1.12 1.14 .38 1.385 #8
2.45 1.127 1.17 1.39
3,00 1.14 LhO 1.16 1.40 #35
3,15 1.15 1.15 1.395
3.30 1.15 1.15 1.39 #h
3.45 1,18 1.18 1.39
4.00 1.1°5 1.13 1.39
4,15 1.19 1.20 1.38
4,30 1.19 1.23 1.38 #5
L.hs 1,135 1.195 1.39
5,00 1.19 1.20 1.385
5,15 1.20 1.205 #8
6.45 1,20 1.20 1.357
7,00 1,20 48" 1.20 1.36 #a
7.1% 1.20 1.22 40 #80
7.30 1.20 1.1
7.45 1,20 .38 1.20 1.39
8;00 1.19 1.19 1.39
8.2 1.20 Samples
8.3%0 1.80 taken.
8.45 1.22 11
8.50 1.215 12
8,55 1.205 | #13
9,00 1.20 1.205 1.40 133%-90feed
9,40 1.18 op.
9.15 1.19 1.19 .40
9.30 1.18 A 1.18 #12
9.40 185 1.195
Coeks Dendity S.R. Cocks Density S.R. Cocks Density
41. 1,076 .553% 5. 1.112 545 . 1. 114
2, 1.096 .53% 6. 1.112 .525 10. 1.116
X 1.1083 7. 1.112 540 11, 1.124
4. 1,112 3. 1.112 12, 1,152
Average density of zone 1.112 or 5.25:1.
Sample Density L:S Lbs/min Solids Liquids
Feed 1.190 2.9 31.4 8.0 23,4
Diecharge 1.40 1.2 15,1 6.9 8.2
Overflow 1.00 14.5 14,5

Feed contains 60% standard slims.



Test 5. (continued)

Feed. Discharge.
L:8 Sett.rate Area L:S Sett.rate AF44
8.5 - 3.79 2.9 6.3 2.28
8.0 3.45 2.6 5.7 1.86
7.0 3.03 2.5 5.3 1.71
6.3 2.7? 2.5 5.0 1.50
5.7 7.30 2.6 4,7 1.38
9.0 1.92 2.6 3.9 1.03
4.5 1.55 2.8 3.5 0.78
3.9 1.23 2.9 3.1 0.64
3.5 9.98 3.1
LT 0.73 3.5
2.9 0.62 3.7

Sett.rate of feed .63 Area(Mishler) 3.6

Computed area 3.7 #q.ft./ton/day-
Actual area 38.4 eq.ft./ton/day.

Computed dilution of zone 2.9:1 or 4.8:1 of slime.
-Actual dilution of zone 5.2511 of slime.
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L:S
4.2
3.6
5.3

Test 6'
Feed D&O Discharge
Time S8SpGr Ca0 SpGr ©Ca0 SpGr Cal
1.00 1,17 .41 1,209 .46 1.25%
1.15 1.17 1.209 1,26
1.30 1.17 .41 1,19 1.255
1.45 1,18 1.20 1.26
2,10 1.18 .40 1.20 .44 1.26
2,%0 1.18 .30 1.195 1.27
2.45 1.18 1.20 1.28
3.00 1.18 .42 1.205 .44
5. 18 1.19 1.20 1.28
3,30 1,185 .42 1,20
3.4° 1.18 43 1.18 A4 0 10
4,05 1.18 1.18 1.30
4,15 1.18 1.18 1.30
4,30 1.18 1.18 1.30
4,h5 1.175 1.18
.00 1.17 .42 1,18 .42
5. 1% 1.17 1.19 1.30
5.30 1:185 .44 1.185 1.30
5,45 1.16% 1.165 1.30
5.5% 1,17 .43 1,205 .44
6.10 1.18 1.2 1.285
6.20 1.13 1.20
6.30 1.185 .42 1.19
6.45 1,135 1.19 1.30
7.00 1.185 .40 1.19 42 1.30
7.15  1.19 1.19 1,31
7.30 1.185 1.19 1. 30
Cocks Density S.R.Cocks Density S.R. Cocks
3. 1.076 .55 T. 1.088 10.
4, 1.0°0 O 1.092 11.
5. 1.080 9. 1.092 .47 12.
6. 1.084 .50
Average density of zone 1.034 or 7.1:1.
Feed,
L:8 Setti.rate Area L:S Sett.rate Area
9,0 2.30 4.2 6.0 1.20 4,78
7.6 1.81 4,3 5.3 0.99 4.3%
6.7 1.47 4.5 5.7 0.76 5420
Discharge.
L:S Sett.rate  Afdd
7.7 1.74
6.8 1.45
6.0 1.16
Feed contains 57% standard slime.

Notes
#9

#10

Pump primd.

ensity
1,100
1.100
1.116

Sett.rate
0.65
0.58
®.57

Area
5. 12
4.k
4,2



Test 6.(continued)

Sample Density L:S Wt/min Solids Liquids

Feed 1,185 3.0 20.2 5.1 15.1
Discharge 1.30 1.7 14,1 5.2 3.9
Overflow 1.00 6.1 6.1

Computed Area required 2/WE 5.24 sq.ft./ton/day.
Actual Areca required 5.25 8q.ft./ton/day.

Computed dilution of zone h.7:1 or 8.2;31 of slime.
Actual dilution of zone 7.1:1 of slime.



Test 7.
Feed
Time SpGr
9.30
9.45 1.13
9.5 1.13
10.00
10.10 1.12
10. 1%
10.30 1,124
10.50
11,15
11.30
12,35 1.15
Cocks Density
5. 1.076
4, 1.030
S 1.080
6. 1.080
Average

Cal
A4

.46

8,R
.53

55

AR

D&O Discharge
SpGr Cal 8pGr Ca0
1.09
1.13 A2
1,122 1.28
1.127
1.12 1.28
1.130 1.20
1,132 .43
1.13
.13 1.28

1.28
» QCocks Density S.R. Cocks
Ig 1,084 10.
8. 1.084 11,
9. 1.088 .48 12,

density of zone 1.084 or 7:1

Feed conteins

Sett.rate
2.92
.71
1.38
1.1%
0.95
0.7%
0.62

0.55
0.46
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Sett.rate of feed .63

Sample Density £:8
Feed 1.13
Discharge 1.28

Overflow 1.00

4.5
1.9

52% standard s)lime.

Discharge.
L:S

1.7

Area % (Mishler) 5.5

WT/Min Solids
33,4 6.1

18.2 6.3

15,2

Notes
#12
#8

Feed cl.
] ll#9

Density
1.088
1.088
1. 100

Sett.rate
2.00
.75
1.46
1.22
1.09
0.97
.85

Liquid

27.3
11.9
15,2

Computed area required 4.8 sq.ft./ton/day.
Actual area required 4.4 sq.ft./ton/day.

Computed dilution of zone 4.61:1

Actual dilution of zone

or 38.3%:1 of slime.

[.1 :1 of aslime.
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The figures are almost self-eaplanatory, but
I intend to tuke up cash teat and comzent upon it, stating
any reasons, if any, for doubting the relliability of the
figures, In the final tests, where I have cempared theoretical
results with the recults found by i@&t,‘t&er@ does not seenm 10O
be any connaection hatween the theoretiocal dllution of the
thicitener zone and the result found by practice, Thls,I belluve
s due to the lnaccurate deterninations of natural sline,.
The presenge of lime in the sanple oaused iomedlate floceulatio
with the result that I was oblliged 4o shértan tho settling sk
interval to thirty seconds. The use of a deflocculating agent
may nc found practicable, but I would suggest the apﬁlication
of an elutriator in the dsteralnsation of natural sline. A very
cuall ecurrent could be ausplied to the sanple, and 1t could be
washed free of adhering solutlon of llue. The correct veloclity
could then De graduadly asculred; and the sollids 1a the over-
flow will represent tie azount of sline present in the saaple.

This material 18 therefore a stundard slime.

Testl, Showse n high discharge, but since it shows a pood
gradation in the thickendn; zone, the tost Ls presunably
o good one,

Test<d, Shows o high discharge,but with a very low density in
e 12the €OCK, Tihls soeas highly luprobvavle, andd for =
this resson,l do not place a hlgh valuc oun thls test.
Prof. Jell then sugjosted that the trouble lay in the
gand wileh waa Dresent. It was not eing lischar,ed as

fast as Lt wasg boing fed, bucesusg a Dlanket of 4t uas



<=2

formed over tho dlscharge cone, A discheryv of constant
aaasity woo the result, which wolld net vary when the condlte
iona were changed. The suall area required showed that tae
feed held a high sand content, thus giving a high capucity.
The arterizl was then claosifled by allowing the sliac to esewdd
settle In o tub, The top slime was decanted v, and poured ee
baok in the cystem,

Tho discharge pipe waus then installed, and 1t was uced in the
remalning testa,

Teet 3. The 128h, cock seems reasonable when coupared with

the dlacharge, and I think that thic tust io a g004 one,

Teat 4, The dilution of the predoninant zone seeis 40 be
higher than tiae dilution in the previous tests.

Whon wo gonpare the sottling ra%és of the feed dilutions with
the rates of ®est 5 , we see that the slime content is evie
dently greater, henee tﬁa snaller enpucity of ﬁhe test i
accounted for,

Test>, The seottling rates of the fced and the dlsgharges dile
utiones do not sheck, indicating that the thickener was not in
balancc., The high settling rates indicate sknk a high saad
sontent, with tho result that the area required is a normal
value, The actu al value approxinctes the theoratical,

Test 6, The feed aample contalng wmore slime than fest 5, The
capacity of the thickener ia this teat 1o therefore logs than
in o8t 5, and tho actual figure ohecks ¢losely withthe theore
etical.
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less
Test 7. The feed contains mamx sline than in Teast 6, and the

capacity Ls therefore greater, The theorctical value for zrea
checks e¢lesely with the actual requircnents,

As I have before remarked, the theoretical dilution of ths
alime zong does not check with the actual dilution found. Thia
18 due to erroneous valuos found for tho sercontage of natural
8)ine present. The proof of the error lics in the relation
between the settling rotes of the feood dilutions and the
capaoihy of the thickener during each tosb.

The figures show that ther: lg aone evidence
in Coe nnd Clevenger's thoory, for iﬂ the akesa four tests
wvhich were run xi&M, and upon which diluticns ¢f feed sanples
were also teated for setiling rates, threc of ﬁhese ahiow
agrecment between thoory and practiee. The foirth test(Test 4)
showed a discrepancy of ahout 257 botweon theory and practica.
I an unable %o aceount for 1%, for I o nof think that the
high dilution of the fecd was n signillicant fenture.

Unfortunately, tioe <Ll not poralt any teois
t0 bo run with hih dischargzes, The hijh dlocharges found in
the carly teata were the result of & locsl troublc, the thioke
ener voing filled with slice from & aesc. The gand thepelfore
was found govering the bhottom of the thickener, whereas
the sand is diecharged, in aotusl practice, ©8 soon as it is
fed to the thiockener rnd is allowed tirmc to> gcttle. In Prof.
Bell's own words, the sand falls out lmnellately in a steady
doanpour from the foedwell, and does not becoue walted out, as

i8 the ¢cuse with sline,
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Some tests.upon
natural slime, and
erushing.
The following tests were carried out in order to find the
variation,if any, in natural slime, when ground to various
lengths of tinme,
The following results were obtained by ifessrs. Legg and Snijman
upon tinguaite, Natural slime was determined from the =200 mesh

8lze, and the percentage in total solids was then calculated.

A

std, glime
1.4 "

Time of
grinding
2 mins.

8

a
12
15
13
20
21
24
30
57
40
49
50
62

1

3%
‘0}’3\
O
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The following results were obtained by iir,Sniljman and nyself,

upon Rand ore. The same procedure as above was carried out.

Time of % %
srinding «200 cstdesline
0 nind 17,3 0.95
5 2G40 1.7
12 38,5 3.7
21 51,1 5.4
30 63,8 6.7
40 77.6 10, 1
50 85.3 1.1
60 30,6 15.6



The figures indicate that the amount of slime varies with
the amount of crushing, but wnether this ls due to greater
liberation oi slime or the conversion of sand to sliue 18

problematical.
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