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Introduction* 

In this section of this thesis, I propose to 

present a brfcfef account of the object of the investigation 

an& also the various methods by which attempts were made to 

bring solution to the many problems involved. 

The question of the settlement of slimes 

probably dates as far back as 190?, when the basic patent for 

a Dorr thickener was first brought out. Though there were a 

number of articles written upon the settlement of slimes, no 

quantitive results of any importance were forthcoming until 

Mi shier in 1912 in the S&gineerlng and Mining Journal, 

enunciated certain principles, which he believed to be 

&&&xk&&keui- characteristic of the settlement of Tig**© slimes* 

Coe and Clevenger in 1916 gave a more elaborate analysis of $& 

the operation of a thickener, developing a formula for area, 

and also a method for determining the depth of thickener 

required. They independently showed that the principles, 

tentatively announced by Mishier 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 ofthiokener requirements are precisely the same 

as the methods employed by the Dorr Go*, today. 

In January &$£ 1923, the writer, as one of a 

party of four, selected the Settlement of Slimes as an eaper* 

~im@ntal subject for investigation,in connection with the req­

uirements of the 4th.year Ore Dressing Laboratory Thesis. The 
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work that was carried out was elementary - the effect of 

various concentrations of lime and also the effect of heat 

drying an ore were studied. Settling rates were carried out 

in glass graduates and compared.The rosuits were as expected 

the settling rates showed a critical concentration of lime, 

above or below which meant a decrease in settling rate. The 

dried ore showed much faster settling rates than the undrisd 

ore. 

In the fall of 1923, the writer chose the 

subject of the title of the present thesis as a suitable 

subject for research, as required by the Faculty of Q-raduate 

Studies and Research. A more ambitious program, of course, was 

laid out, and u small Dorr thickener was to be installed as a 

laboratory unit. The writer, in the meanwhile, continued the 

small scale tests upon tin&uaite, which was selected 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 importance of flocculation as 

a factor in settlement, thw writer delved somewhat at length 

into the subject of Colloid Chemistry for an explanation of £& 

the phenomenon involved. Ore Dressing literature is burdened 

with references to colloidal slimes, but unfortunately there 

are some phases which are la&h both poorly and erroneously 

explained. Free( tog & Min.Jl Vol to t pp.249 etc) has written, 

in my opinion, the best series of articles that has yet 

appeared, and he has covered at length certain misconceptions 

which are in evidence in the minds of & 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 oarelessly upon the 

subject. Whether the fault may be due to ignorance or care* 

~lessnes3 does not matter - the fact remains. They have $$$£$£/ 

clouded the subject by the inconsistent usage of scientific 

terms, and in many cases the articles were poorly written.This 

remark does not only apply to the subject of colloids in Ore 

Dressing, but the evil ha3 permeated through Ore Dressing 

literature generally. A notable example of a poorly written 

paper, which is saved from the dust-laden- racks of oblivion 

solely by the excellence of the subject matter, is the paper 

by Coe and Glevenger. It might have become a classic, judging 

it by the merits of the enclosed material, had it not bee& for 

its lack of forceful presentation. Another example of vague 

and indefinite writing is shown by Coe's remarks upon Mishler's 
he 

apjaa paper, where stated that he believed that Mishler* s 

methods were good, yet he disagreed upon two fundamental 

points. It is with this thought in mind, that I have here 

-*after presented certain theories upon flocculationj whlch#in 

my «$ksm opinion, must be included in the present thesis -~ 

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 

thesis 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 were spent in its erection.Additions 

are now being made from time to time, their objeot being to Mm 

facilitate the transference of pulp from one part of the 

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

In the short 3pace of time left before 

the end of the term, some seven tests were run. Frankly, they 

are of little value,bein^ insufficient to draw any positive 

conclusions, but they were of inestimable value in guaging the 

possibilities of such a laboratory unit. The artificial 

conditions under which the thickener is running show that there 

are numerous pitfalls which mus$ be avoided. Thus a wealth of 

experience was gained in learning such operations,as the best 

method of pa procedure during a test, for example. 

Early realizingthat 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 function of area ( It may be sacri­

ficed for area, though the converse is not, true) the question & 

of area must be decided first before depth is considered. 

There is a tremendous amount of work yet to 

be done in connection with settlement - there are many phases 

which are as yet little understood, and the field of research 

in this direction is still a wide one. 

In closing, I must acknowledge with deepest 

gratitude the untiring efforts 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. 

Snijman and Roland E. I*egg who collaborated with me in the 

carrying out of some work on natural Slime, the results of 

which appear later. 

I must also express thanks towards Messrs. 

E.Snyder,A.E.Cave, and A.K.IIuir, of the 4th. Year Mining 

Class for their very able assistance in carrying out some of 

the later tests. 

I must also express my thanks towards the 

members of thee Dorr. Co. Experimental Laboratory, for their 

courtesy and kind advice offered to me during a visit to 

their plant, and for instructions which proved very valuable. 

A criticism may be levelled at this 

thesis,which is a justifiable one. My remarks and discussions 

upon various topics have been based upon theoretical grounds, 

and where I have criticised, I have but rarely used a practical 

example to bring out a point. In apologia , I must say that 

I was driven to it, for there is little reliable data upon the 

operation of a thickener, which is available. Therefore,under 

the circumstances, I fe&fc that such a course was 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 cqlloida 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 |85u showed that spherical particles 

of fine dimensions, when suspended in a medium, will fall with a 

velocity (iiven by the formula 

v - JL d2(k, - IL, ) _£_ 
18 n 

where 
V • velocity of fall 

d » diameter of particle 

k^ • specific gravity of patticle 

k« • specific gravity of medium 

g • acceleration due to gravity 

n - viscosity of the medium. 

This is known as Stokes1 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 uadera totally 

different law ,namely Rittinger's Law or the Law of Eddying Resistance. 

Since slime particles are not affected by this lav, due to their fine 

size, I have not includea any discussion upon the law. 

Stokes1 Law is applicable to all cases between 

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, 
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we will see that they will not settle at all, but under the ultra 

mieroscope 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 has 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 suspension. Since the impacts 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 Stokes1 

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 true and 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 supplemented by the consideration of 

the principal weaknesses of that definition. Thus we can say, with 

certain reservations and modifications, that " a colloid is the state 

in which a substance may exist, by virtue of which, it will possess a 

high specific surface". Specific surface is the surface per unit 

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

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

this cube to be divided into smaller cubes of 0.001 a.m. edge. 
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The total surface of these cubes will be 6x10 84.cms., and since 

the total volume is still 1 cu. cm., the specific surface will be 

6x10 units - a very much higher value than in the case of the cube 

of 1 cm. edge. Thus the definition implies a high degree of sub-division 

though there is no line of demarcation between small particles of a 

solid 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 0.001 m.m.) . The reason for this 

assumed mark presumably lies in the fact that the limiting size that 

can be viewed under an ordinary microscope is approximately of this 

dimension - variations,of course,depending upon the nature of the 

suspensions viewed and their indices of refraction as 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 that the 

condition is a physical one, and is not a property that a substance will 

possess, by virtue of its chemical nature. It muat be admitted however 

that aome substances, e.g. Fe(OH)* , preferentially form colloidal 

suspensions, though these are chiefly chemical precipitates, the 

physical characteristics of which are dependent 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. 
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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 w high specific surface " clause 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 suspension medium undergo a marked transformation 

when the suspension particles are smaller than 1 milli-micron ( 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 5.1 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 Mishier 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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He defines Slime as that portion of K jraxp that 

remains suspended after five minutes of settling in a 100 : 1 mixture 

of fresh water and ore - temperature being 60 degrees Fahrenheit. This 

definition is duacussed 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 summed up in the 

2 
form : V • cd or A where A * area of the particle. 

n n 

In other words, the velocity is proportional to two elements, viscosity 

and area. 

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 pulpsj 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 65 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 a3 a result of 

a change in viscosity, and not as a result of better flocculation. 

In the case of pulps in a solution,the latter may be the case, but it 

is an indefinite point. 
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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 Stokes1 

diameter 
law. If we double the «*«« of a particle, we will quadruple the velocity 

of fall, and each successive increase of diameter will still further 

augment the velocity,which i3 increasing as the square of the diameter. 

Settling rates can thus 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 particles agglomerate and form floes which are comparit&vely 

massive as compared with the original particles. These floes will fall 

with an increased velocity, indicated by Stokes1 formula, which is the 

result of increased area. There is a modification however - since the 

floes are not composed of solid homogeneous material, but contain 

enclosed water, the density of the floes 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 itesxs deflocculation is merely a condition 

of "less flocculation". 
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In the next few pages, I have attempted to outline some theori© 

which have been advanced to explain the mechanics of floe** 

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 to point out its merits 

and demerits,and will reserve the most generally theory for the 

last. As I have before stated, my only object for entering into 

a consideration of such th~eoriss is the fact that they have 

appeared in Ore Dressing literature, -and hence must be taken 

into account* I must hov/ever be just in stating that the 

au,thors in most oases have not claimed that the theory in 

question 7aa the only possible explanation, but they have 

generally remarked that it is tiie cumulative effect of many 

such influences that result in flocculation. 

U Strain theory. This theory,! believe, was first advanced by 

Ostwald, though Sulman was the first to Introduce it into Ore 

Dressing, in a paper upon the theory of flotation(Trans.I.M*M, 

Vol,29), It waa a paper designed to exp&in the theory of 

flotation upon the grounds of "surface energetics and adsorpt** 

ion effects due to the sane", and since, in his opinion, 

flotation and floooulatlon wore inter-related, he felt it 
* 

necessary to explain the latter on the sar:e general principles. 

Briefly, it is this :- The layer of liquid at the solid-liquid 

Interface of an immersed particle is considered to be in a 

condition of strain. Now Sulman states that there is a normal 

tendency, characteristic of a liquid , to reduce this strain as 
by which 

much as possible, and the only manner &&s& this can be done 

is by a reduction in surface• Plocs are formed which reduce the 

amount of specific surface. 



4̂ . 

The principle is explained by the diagram above. 

Changes of interfaceal tension as is usually faund when a 

contaminant is added to water, will of course change the amount 

of flocculation.In other words, any change of interfacial 

tension will altar the degree of flocculation. 

Hatsehek however challenges the statement that Ostwald was 

responsible for the v/ords, "strained layer", though I feel that 

Ostwald intended to convey this impression. Thus, the phenom­

enon of flocculation is the direct result of interfacial )Lfyij&fyl 

tension, which#w endevour-s to decrease the surface of a system 

if free ener gy is available".(9 stwald). 

I cannot place a high value on the merits of 

this theory, for 1 feel that there are too many peculiarities 

in flocculation which are left unaccounted for. For instance, 

X cannot see any explanation, reasoned on the grounds of this 

thosry, for the presence of a point of maximum flocculation 

shown by all flocculating agents, fron which point an increase 

or decrease in concentration will decrease the degree of floc­

culation. Mmm fhe amount of adsorbed solute will not vary in 

this manner. 
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Anoth-er idea was put forward by Sulman, and though it does 

not directly explain flocculation, it has direct bearing upon 
molecules 

the formation of sols. If the cohesion of the liquid fms&kskM* 

is greater than the cohesion of the solid molecules, the solid 

tends to disintegrate, with the resultant formation of a 

suspension, which may become a solution. If the cohesion of 4fe 

the solid iaclcoulee is greater than the cohesion of the liquid 

molecules, " the molecules of the liquid will tend to concen­

trate at the sux̂ face layer oA the solid, and the condition 

typical of'suspension1 will oecurB, In other words, a reagent 

which will increase the wetting of the solid by the liquid, 

will also increase the amount of deflocculation. Sulman cites 

sodium silicate as an example. The cormrjtj must be true, that 

flocculation will result if a reagent is added which will de­

crease the amount of wetting. There la very little to support 

this idea, and I am Including it in the present thesis as a 

matter of little interest, 

2. Theory of the repulsion of the crater ̂ oleeuloe. 

This theory was put forward by Sdser in a 

discus:ion upon Sulman!s paper. Consider two particles X and X, 

which are suspended in a medium. _ 

Let A represent a molecule of the medium, 

and let the circle BOD represent its sphere of attraction. If 

the Molecule A is repelled by the molecules in X and Y, it will 

be driven in the direction shown b., the arrow. 
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l&ien this is considered as having been applied to man^ 

molecules of the liquid, we-will find on exodus from the region 

between X and Y, which results in a tendency to pull X and Y 

together. The normal attraction of X and Y for each other is 

aided by this removal of liquid molecules which are "holding" 

them apart. The reverse will take place,i.e, deflocculation, 

if the attraction of the solid molecules for the nole^ul^e of 

the liquid is a positive one. This theory Is similar to that 

of "wetting" in which the affinity of the opposite molecules 

Is sufficient to break the solid into a col. The same remarks 

and criticisms therefore apply to tixis case as In the other. 

3. Air bubbles and flocculation. 

This theory was advanced by ISdeer in the 4 th. 

Report of tfee British Assan. on Colloid Chemistry. His idea 

can best be jririwwfc explained from an experiment cited by him* 

Two small specific gravity bottler are half filled With a 

silver nitrate solution, and an equi*normal solution of sodium 

chloride is added to fill the remainder of the bottles. One~ 

half of one bottle is poured away, and the two bottles are 

then shaken. On being allowed to stand, the half filled bottle 

is seen to contain a mmm densely flocculated precipitate, 

and it Is observed tocontain air bubbles. The full bottle, 

however, contains a finely disperse precipitate of silver 

chloride, The inference that Sdser draws is that the air bubble 

have flocculated the pattioles of AgGl, He states other 

examples where a highly flocculant precipitant is obtained by 

agitating the reacting solutions. 

There is one other piece of evidence in JJdser's ? 
favor 

BrnMAmms. which he does not mention. 
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Air bubbles, when passed through pure water, are found to be 

negatively charged. When passed through 0,007 % H28O4, they 

are found to be neutral, and in higher concentrations of HgSO^ 

they are found to be positively charged. ( Sulman). This 

phenomenon can be applied to the flocculation of similarly 

charged particles by an oppositely charged bubble. But the 
oppositely 

collectionof charged particles ^ «ffg?«K*£fry«¥ff charged bubbles 

is an electrical phenomenon , and Edser, in no uncertain terms, 

declared his disbelief in the electrical tneory. Edser1s case 

is undeniably weak. He disregards the fact tnat precipitate 

formation is a matter of concentration,raass law action, temp­

erature, speed of reaction,etc.,and he has given two cases for 

comparison in which the conditions were totally different. The 

full bottle, due to poor agitation could not have been thor* 

ougiily mixed, arid hence the fonaation of a precipitate was 

almost entirely the result of diffusion. The half full bottle 

was thoroughly mixed,and hence precipitation 7/as practically 

Instantaneous,resulting in a coaeser precipitate. In another 

connection, Hatsehex remarked to Sulman that Stas recognized 

four types of silver chloride precipitate, which could be 

formed under varying conditions, uj- contention is that Edser 

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

different typos in his experiment. 
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This theory is the most important of the mm? aforementioned 

theories, and is now almost universally accepted as being the 

correct explanation** of flocculation. Unfortunately there is 

little quantitative evidence, but the theory is borne out by 

many qualitative experiments. 

When in suspension, particles show migratory 

tendencies when subjected to an electric field, and this phen­

omenon is known as Gataphoresls* Tho particles travel to either 

one or the other of the electrodes. We thus assume that the 

particles are charged, and that the charges are of the saae 

electrical slgn» This is assumed to be the cause of the stab­

ility of the sol - the particles repel each other, and are kept 

in suspension as a result. There are two explanations for the 

origin of the charge on an ore particle* The first is duo to 

Goehn, who stated that," '3hm two substances are la contact, 

the substance with the highest dielectric constant will be 

charged positively'1. In almost all cases water is known to 

possess the highest dielectric constant, mid as a result the 

ore particles are found to be charged negatively. The second 

explanation is based upon adsorption* water ionises to form 

H and OH ions, and it is believed that a pafctielo will adsorb 

one ion in preference to the other. Thus ore particles are 

assumed to have preferentially adsorbed OH ions in excess o£ 

H ions, and the charge is therefore due to a layer of OH ions 

in excess on the surface of the particles, 

whatever the true explanation of the «&gii 

origin of the charge might be, It is believed that particles 

are similarly charged, and their charges must bo reduced or 

neutralised before flocculation or agglomeration can take place 



i * -

©xe addition of a salt, whose oppositely charged ion will be 

pfeferonUally adsorbed, will reduce the amount of charge on a 

particle. In support of this, It la found that the coagulating 

ion is found concentrated on the surface Of the particles, and 

Whitney and Ober, using &>?-% mlB> found that the amount of 

adsorption is proportional to the molecular weight divided b^ 

the valency* 

Freundlieh *&©** found that me coagulating power 

of an ion was independent of its chemical nature, and he has 

given a table showing the minimum concentrations of various 

electrolytes,(mllilmols per litre), «& wmbmm necessary to 

produce coagulation of negatively charged XB2^. 

M L 49.5 WsCJa 0.7IJ .ftfi ^ 

m<d 51.0 BaGlo 0.691 
hlCl 5%4 Ba(H03J2 °*'^ 
HG1 30.t 

Jl 
Freundlieh found experimentally that y c & « $ 

«here y .= amount adsorbed 

C ~ concentration in original liquid 

a and n(0,1-0.5) are constants for the sol. 

This is called the Adsorption Isotherm, and when plotted, it is 

in the nature of a logarithmic curve* It indicates that the 

mm* amount of a polyvalent salt required for coasulution « a 

is less than the amount required n a noao-valant salt* 

Consider the case of liao* men in solut* 

ion it becomes Ga(0H)2, which ionises into Ca raid two OH ions* 

Since the negatively charged particle is saturated .ith OH ions 

(due to the logarithmic curve of adsorption), it will have 

little or no tendency to increase its negative charge, and as a 

result, Ca is preferentially adsorbed. 
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©lis resorption will ultimately reduce the chars© on the 

particle, and flocculation tendencies are increased. This, I 

believe , is a better explanation than that given h^ Free, who 

explains the action of Ca(OH)2 as beins the flocculating action 

of a precipitatei which is formed, and ^hich collects the 
it is 

particles as fchegc sam ta&xx thrown down, 
Uho flocculation curve of NaOH is an 

into resting one to consider. It is Given by Free, who used 

kaolin (which is negatively charged), and he noted the floeou!** 

ation powers of various concentrations of HaOH, Flocculation 

power can roughly be measured by settling" rates. Thou^i the 

perspective aay be wrong, W®2 

general tendencies of the 

results are given by the curve 

shown. This phenomenon cannot 

be explained by any other theory 

of flocculation• 

•\rnoo«5T" 

Between A and B on the curve, we have evidences of leaser 

flocculation, which means a higlier preferential adsorption of 

OH ions over Ila Ions, 3ut at 13, we find a reversal mid tho 

Na ions art? now adsorbod in excess of OH ions. If we represent 

the action by adsorption iso~ 

therms of Ha and OH, we will £ia 

find an intersection of the 

curves, as shown h^f the adjoin* 

ixi5 sketch. 2he point C is 

the resji 

^Tooc. o\ N « D H 

point of saturation. 

ult of the par«li©l~llk@ 

— curves of K A and OH at the 
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I am indebted to DrtA.W#Bull, of the DOrr 

Go.,ktd#, for this explanation of the flocculation curve for 

HaOH, 

Other phenomenal noted in settling &ay be suit 

explained h'^ this theory, for example, it has been noted that 

there is a critical concentration of oloctrolyte which gives 

a aaxlmura settling rato* Concentrations above and below this 

value show a decreased sottlin^ rat©- This iw^ bo explained by 

aasuninis that this particular concentration of electrolyte &ive 

the right amount of lon;j for adsorption, latticing perfect flocul* 

ation, though It floes not necessarily raean that the *eharGe&* 

have boon reduced to sero. It :aay mean that some of the 

particles h&ve rmorm& their siî a, and, as a result, a^ve an 

attraction for other particles which have not changed their m&m, 

sign. 

It mist no;; be borne in mind that there are 

other methods of flocculation, othor than h^ uoans of adding 

aii electrolyte. Deane has stated flvo laathods s-

I. Addition of an electrolyte. 

2. Addition of a colloid. a, Direct introduction* 

b, Precipitation* 

3. Addition of a colloid mil electrolyte, 

4* 3&eotrie currant* 

5, Biological action* 

Sio first two are th«? isost oooiaonly used -

and in sliae met^llursy, they are the only methods used. 
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Addition of a colloid. 

The principles involved are siailar to tho fee 

applied in the case of electrolytes, xho colloid uruxi is one 

which possesses an opposite charge with respect to the &oi-

the t*o disslailar particles unite. A better naae, perhaps, is 
of a 

agglomeration instead flocculation. Thi£ is not verj coaiion 

method, and would be impossible in cyanide plants wher& the 

lime also actJ as a protective a^ent for cyanide. The usual 

reagents used are glue and Al(QH)** GaOO^ is also utied, and 

the action oi" flocculation in a thickener ;oay not be due 

entirely to lime, for CaGO-* is constantly'boin^ formed. 

The consideration of preferential adsorp­

tion ;-iay lead mo into a possible field of research* and Free 

has stated the possibilities in a rer^ ̂ bl& iatainer. By ueing 

the correct reagents, wo sight be able to attain a degree 

of preferential flocculation, in *ich tho valuable material 

is flocculated, w&llrj&he valueless ganguo material ;my be 

allowed to pass off in a slime overflow. The idea is not new, 

for there are certain electrostatic machines, (of more thooret* 

ical than practical interest,it is trueJ which selectively 

ooagmate tho material of high susceptibility. Count Schwerin 

has patented certain processes for tho separation of peat from 

clay, on principles similar to t&ose I have outlined* 
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Nomenclature used jn Mil111* gftttlement. 

Mishier found that t 

1. The settling rate or rree settling pulp was independent of the height of 

the column of }>ulp. 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 settling rate than thick pulps(both being free settling)* 

The reason for this is not very clear. It has been suggested by Prof.Bell 

that *ka 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 seeming 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 a thin pulp. 

I would suggest that it may also be due to a hindered settling effect in Jthfe 

which we have a form of classification taking place. The density of the 

medium is increased and the value ( k^- kg), in Stokes' formula, is 

decreased, thus lowering the value for the velocity of fall. The class-
rate 

-ification seems probablu when we consider that the settling of a pulp 

line decreases as time passes, in spite 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 

is 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 site 

slime present which is observed. For this reason it is necessary that the 

percentage of slime in all settling t.sts 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 space,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 known as the Settling Rate of Feed and is generally slower 

than the others because it is, aa 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 ia observed that 

the settling rate may be a little slower( this is noticeable in thick pulps) 

but provided it is not too widely divergent from the mean, it may be 

accented as the Free Settling Rate of the Feed or the Settling Rate which 

is characteristic of that dilution of flocculated slime present in the 

sample. 

Slime. Mishier 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. He 

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 to cause 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 falling independ­

ently M£ under the settling rate characteristic of ifeH 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 floca. Cohesion of the 

floes and the depth of the pulp both contribute to the elimination of water. 

The depth of the pulp is a measure of the amount of pressure placed upon 

the underlying floes. 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 floes. Obviously, therefore, the dilution of 

transition between a free settling pulp and a thickening 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 

floes 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. 
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Theory of the Settlement of Slimes 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 1913, an article appeared in the Eng.& Min«Jl.(B«x 

(October 5th) 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. Settling rate of thickening pulpxxat is dependent upon pulp depth. 

Mishier concludes his paper by developing a formula for the area required 

by a Dorr thickener, operating under given coaditions of feed and discharge, 

The paper is meritorious for this reason - it is the first published account 

of an attempt to correlate the settlement rates as determined by small scale 

tests in graduates,with the design of a thickener. I am presenting the 

arguments of the formula as they were published : 

Let S = Rate of settling expressed in terms of depth of clear solution 

formed per minute, 

F a Feed of dry slime expressed in tons per 24 hours. 

A * Area expressed in sq. ft. 
R 
Rj= L:S ratio of feed 

R0= 1:S ratio of discharge 

Then tons per day of clear solution formed * F(R1-R2) 

Cubic ft. formed per minute - 32 . F(R-R ) = 0.0222 F(Ri-R2) 
1440 1 c-

Depth of clear solution per min. - 0.0222 F(RrR^ * S 

1 

Transposing A * 0.0222 F(RrR») 
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In Sept. 1916 , at the Arizona meeting of the A.I.M.E., 

a paper was presented by H.S.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 4k« formulae w»re 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 same as the methods 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. 

2* Thickening is a function of time. 

They developed a formula determining the area required, 

which, on first sight, resembled the formula presented by Mishler. On 

careful analysis however, it is found to radically differ in its development 

in 
its method of application and the 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 = 62.55 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. 
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Since we have a clear overflow and a thick discharge, 

it is perfectly normal assumption 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, floes of slime are falling through 

each zone, and are piling up upon the thickening 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 part of iolid). 

Consideration of the constituency of a floe indicatesthat there is some 

included water in each floe; in other words, each floe possesses a liquid 

to solid ratio,which is dependent on many factors, S.g. electrolyte and 

it3 concentration, temperature, etc. The ratio is assumed to be a constant 

for the particular case - let it be represented by a dilution of D si. 

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 terras of 

pounds of solids discharged by 1 sq.ft. of the zone per hour* 

Therefore C(L - D) represents pounds of liquid clarified per hour 

by 1 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 sq.ft. per hour. 

Hence 62.35 R equals the pounds of clear solution fomed( 1 cu.ft.a,62.35lh) 
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Obviously, the liquid left behind by the departing 

floes must equal the amount of clear solution formed, i.e. 

C (L - D) = 62.35 R 

Transposing, C » 62.35 R_ (1) 
(L - D) 

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

A - 2000 
24 C 

• 1.33 (L - D) (2) 
R 

It will be noted that the above formula 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,ax This will give various values 

for L, and each will have its corresponding R, and if we assume a discharge 
as if 

D , the formula can be applied to a 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 li. If C is 

reconverted to terns of total solids (sand plus slime), it will be found sxx 

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 floe equals the L:S rvtio in the discharge. 
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In 6oe 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 floes in order to determine the lairaa 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 floe 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 tank required must be the area required by the 

zone of least capacity. This is the first important 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. 
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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,inasmuch 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 course, 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 

Mishler1s 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 

fundamentals that reconciliation is impossible. Obviously, the formula 

as applied in 191? was that developed by Coe and Clevenger, for Mishler 

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

that of the feed. 
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Analysis 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 upper layer 

of slime is at a dilution equal to that of the feed. In 1917, he explains 

this by stating that, at Tigre, area 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 

Pate of the Feed or the Free Settling ^ate 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 

so radically different, both in their development and the conclusions 

that one must draw gxax «csk , that I cannot see any justification 

for this remark. 

Applying Coe-Clevenger s formula to the figures 

found by Mishler (1917) upon the settling rates of Tigre ore at various 

dilutions, I find that the result so obtained differs from the result 

found by fishier, by almost 20^. It in interesting to note that the 

governing zone is but slightly different from the dilution of the feed. 
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It is reasonable to suppose that there is a zone 

of constant density in the thickener when it is operated at capacity. 

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 xnfc 

inability to discharge solids as fast as solids are being fed into it, 

will cause it to increase in size. 

Under the terms of Mishler's formula, we are 

to assume that in some cases, there is a zone of least capacity, xfeass 

the inability of which to discharge solids is due to its non-flocculated 

condition. The conclusion that we nust make is that this zone will 

build up in the thickener j in other words, the free settling portion 

of the thickener will then consist of non-flocculatad 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 Indeterminable. 

Another important conclusion that we must 

make, assuming the truth of Mishler1a 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 upon 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 section. 
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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 explanation of the reason why the 

percentage of standard slime could be neglected in their formula for 

capacity. They merely indicated that such was the case by a numerical 

example, but did not show that it was a factor which, when applied both to 

the denominator and also to the res dt obtained, cancelled. They did not 

show that it was therefore numerically insignificant, provided it was of 

constant value. Its only value lies in the conversion of capacity-for-

solids into capacity-for-alioie. 

Another important feature is the assumption that the 

dilution of floe equals the dilution of discharge. I have quoted their 

statement in this connection in another 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 discurge, instead of the dilution of the floe. 

It is apparent thit if thickening is taking place, there must be a return 

of water from the thickening zone of the tank. This returning water enters 

the free-settling zone above, and as a result the true discharge from the 

zone is the algebraic sum of the downward passing of floe dilution and 

the upward return of the water which has been squeezed out of the floes. 

This sum is equal to the actual dilution of discharge. The theoretical 

result aay be affected somewhat by thia upward current from the thievening 

zone, but I consider that this i3 negligible. The process of t lickening is 

a JIOW one, and water is released ao u result of the pressure of the 

overlying material and the coht^oa of the floes themselves. Thus it may be 

seen that it is a very gradual process. 
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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 of 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 nkkk as a result will have a greater 

capacity than before. An adjustment will then take place, and the 
reverseO(from that which 

tankwill come back to normal. It will be precisely the KXHS phenomena sx 

would occur when a zone of least capacity is building* Since it would be 

receiving more solids than it could discharge,it would momentarily become 

thicker, but this resulting change in dilution means 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 saall one,due to the slow rate of 

thievening, and that the velocity is very snail, very much smaller than 

the value of 9.1 ft. per hour, which I assumed in the above discussion. 
T 
This is the reason, I think, which makes the assumption valid, and that ik 

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

from a zone. 
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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 predominant zone? Prof. Bell has suggested 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 Clevengerfs theory? What indications should one expect to 

find to verify the truth of the theory? The answers to these two 

questions are the fundamentals of tiickener 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-solid3 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 with the highest settling rate will contain more sand and 

less slime than the other Sample. 

When 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 predominant dilution found in actual test, or 

Dilution of actual zone t Dilution of theoretical maximum area zone 

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

5. 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 

through the zone of least capacity, this zone will be the same for 

all dilutions of fead. 

4. The theory shows that the ratio of slime-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. 
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Thickening of Pulps. 

Mishler. 

This formula was brought forward by Mishler in 1917, and it is 

a very ingeneoua method 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 a Average settling rate per foot of depth, in settling from 

the dilution of C to the dilution of D. 

X 3 Depth of the tank in feet. 

Using the reasoning as applied to the case of free settling pulps, 

Cubic feet of clear solution per hour » 1.33 KO - 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 

Therefore 

X a 1.35 (C - D) 
A x T 

conducted 
It is obvious that T is to found by settling rates *««xia« 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 marked at the following 

depths : 

Depths in feet Depths in feet Depths in feet 

1.160 0.776 0.?n1 
1.0!*) 0.704 0-471 
0.950 Q.6*>6 0.427 
0.860 0.576 0.386 
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It will be observed that each depth is 

95/105 th, of the preceding dppth, and that the distance settled between 

two consecutive marks 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 K050 ft. mar.*, it should be fully 

flocculated, and readings should then be taken when the pulp line passes 

each mark. The dilutions of pulp may be successively calculated from the 

value of critical dilution by the formula : 

D - 0.Q05 C - 0.095 
G 

where 

D and C are dilutions at two consecutive depths,and 

G is the specific gravity of dry pulp. 

The average settling rate for any dilution of discharge can be calculated 

by assuming 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 £&a 

discharge. 

It will be observed that no mention is made of attempting to 

duplicate the action of the rakes. The rakes aid the floes in the 

elimination of water, by pressing the liquid out. Faster thickening and 

a thicker maximum density is attainable when the pulp is stirred, and it 

should give a more representative thickening rate. Coe and Clevenger 

mention this point but 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 intermittently, 

preferably after each reading. 
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The method used by the Dorr Co. today is 

essentially that outlined by Coe and 01evenger. The method for the 

calculation of height is as follows : 

The time required in the thicKening of a pulp from 

critical dilution to the dilution of discharge required, is noted. This 

value multiplied by the capacity of the tank will give the tonnage which 

must be stored in the thickening zone. From the settling test which was 

made in order to find the time required for thickening, we may calculate 

the average dilution of the thickening zone.Thus, knowing the dilution 

of the thickening zone and tonnage which must be stored, we can calculate tfe 

the volume required for storage. Since area nas already been determined, 

the height required can be calculated. 

In the section upon "Testing", I have copied the 

Coe-Clevenger Method for the determination of area and height from the 

Dorr laboratory manual - for their methods are essentially tfcsss the 

same as suggested by Coe and Clevenger. For this reason,I have not included 

them at this point, and I have also copied an example which was fully 

worked out in the manual, showing the application of the method 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 tine was devoted to the problem of area. 

Since height can be sacrificed for area, slight errors can be compensated 

for by allowing a margin of safety in the area required. Area is the most 

important of the two, and all problems in connection ^ith it, should be 

cleared up first. Area decides the capacity of the thickener, xhx*4 whilst 

height decides the discharge dilution. The two,of course, are interrelated 

and this iust be borne in mindwhen thickener operation is considered. 
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Testing 

I aa presenting the two methoda of testing for coraparitive purposes alone. 

There is but little doubt that the methods outlined by Mishler are more 

laborious than the methods followed by the Dorr Co. I have carried out 

tests on both free settling pulps and thickening pulps, and using both 

methods, and my personal opinion is that the Dorr Co method is the easier 

of the two. In the determination of area, the principle is the same, 

but Mishler'8 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. Thi3 gives a closer 

series of dilutions, and they can be easily checked by making up a new 

graduate-ful of pulp equal in density to the last dilution in the previous 

graduate. I do not feel qualified to criticise the two methods for 

determining height, but they appear to be similar in principle. I have 

found, however, that the Dorr method is the simpler and the least tiresome 

of the two, for readings are taken at time intervals instead of space 

intervals, which require a little more supervision. Whether it is the 

lore accurate of the two is problematical. 

fishier's method for determining area. 

A graduate is filled to the 1 ft, mark with pulp of the required dilution. 

It is agitated and allowed to settle. The settling rate is observed as the 

pulp line passes through the first 0-05 ft. This gives the settling rate 

of the feed. The settling rate through the second 0.05ft. is the free 

settling rate of the dilution. The value for each dilution and its 

corresponding settling rate is then sAbstituted inthe formula. The dilution 

of the feed and its settling rate is also applied. The largest area found 

is the area required by the thickener per ton per day. 

Mishler1s method for determining depth. I have outlined the uethod in the 

section ipon " Thickening". 
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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 procedure outlined. It 

is also found in Hamilton's Manual of Cyanidation, though in briefer form. 

n 

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

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

°. The quantity of reagents in solution is allowed to change. 

3. 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 long time in solution may decrease rate. 
is very carefully 

Unless each of the above conditions «x« avoided, the results of the 
settling tests XXB may be valueless. 

Procedure 1. Determination of specific gravity of solution and solids. 

Pour the sample into an earthen-ware vessel of sufficient capacity to hold 

the entire volume. Thoroughly mix by stirring with a paddle, being sure 

that all lumps are disintegrated. Weight a 1000 c.c. calibrated flask. 

Again mix the sample thoroughly and fill the flask up to the mark with a 

representative sample of pulp. Weigh the flask full. Filter off the solids, 

dry and weigh. 

Determine the specific gravity of the filtered solution by means of a 

hydrometer or by weighin^ a carefully determined voluie. 

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

for furture use. 
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Let Weight in grams of 1000cc flask and pulp « a 

Weight in grams of lOOOcc flaaic * b 

Weight in grams of pulp * a - b c 

Weight of solids in lOOOcc pulp * d 

Specific gravity of solution = e 

Then c - d - grams of solution 

c - d = c c of solution 
e 

*°00 - c - d = c c of solids 
e 

d • specific gravity of solids. 
1000 - c - d 

e 

Procedure 2. Determination of the maximum density of thickener discharge, 

Mix the sample as in Procedure 1 and fill a l^'-O cc graduated cylinder up 

to the 1000 cc mark. Thoroughly mix while in the graduate. Allow the pulp 

to settle undisturbed, taking readings in cc every 20 mins. at the line of 

demarkation between the solution and settling solids. When there is an 

abrupt decrease in the rate of settlement, after which settling constantly 

gets slower and slower, compression or hindered settling has begun. After 

this, record readings at one, two or three hour periods, depending on 

quickness of settlement, stirring the pulp gently with a glass rod after 

each reading* When no further subsidence of the pulp line is noticed after 

five hours, consider that the final density ha3 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 * gratis of dry solids in graduate 

G e specific gravity of dry solids 

D » specific gravity of solution 

W * cc of dry solids in graduate • C 
G 

Then D(a-C) , D(b-C) etc, is the ratio by weight of solution to solids 

W W 
after the respective 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 required. 

Ux the sample a3 in procedure 1 and fill a IpOO cc graduate up to the 

rOOcc mar:^. Thoroughly mix while in the graduate. Al'ter mixing allow the 

solids to settle approximately 1/4 H. Record the cc reading of the pulp 

line and the ti^ie at which this reading was taken. Allow to settle 

undisturbed for three minutes, at which time again record the reading of thfe 

pulp line. Take similar readings at 6 and 9 minutes. 

Allow the pulp to settle until 100 cc of clear solution can be decanted 

off. Decant off 100 cc, mix and repeat the readings as before. When this 

has been done, decant off 100 cc more of clear solution. The pulp voluae 

will now be JOO CC. Again rate the settlement as before, lake one more 

decantation 'of 100 cc and repeat. Filter, dry and weigh the solids. 

Thoroughly mix the sample in the earthen-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 lOOOcc of pulp in a 

1000 cc graduated cylinder and get the rates of settlement at dilutions 

corresponding to 1000cc, f'OQcc, etc., as outlined before. 

Measure out 2000 cc of pulp , thicken to '000 cc and repeat. 

Do the same with WO cc of pulp, after decanting -^00 cc. 
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Calculate the required area a follows : 

ieasure the number of cc graduations on the cylinder corresponding to 

one foot. Fron this get the value of 1 cc in feet.Froa this convert all the 

readings ii cc per 9 minutes into feet per hour. Calculate from the 

weight of solids in the cylinder and from the specific gravity of the 

solids the dilutions corresponding to the respective rates of settlement. 

Apply the formula A = 1*333 (F-D) , *here 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 thickener area required in 

sq. ft. per ton of solids settled per 24 hours. 

Procedure 4. Determination of the depth of compression zone. 

The data necessary for this determination have been obtained under 

Procedure 2. Calculate from these data the average dilution in the com-
s 

-prea&ion zone. The area necessary for the settlement has been obtained 

under Procedure £. Convert this figure into pounds of solids per sq.ft. 

per hour by multiplying the area by ?~ and dividing the result into 2000, 

as 2000 . The pounds per sq^ft* per hour multiplied by the number of 
24 A 

hours which the pulp must be held in the compression zone vdll give the 

pounds of solids which it is necessary to hold in storage. The pounds of 

pulp may then be calculated , knowing the average dilution. From this, 

the cubic feet necessary .nay be computed. As, however, we are on a base 

of 1 sq.ft., the curie feet in this case is equivalent 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 maximum depth of the arms 

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

up under the rakes, and this must be included in the depth required. 
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Apparatus used. 

A Dorr thickener was installed and erected during February and the first 

two weeks of March 1924. It was 6'-2B high and 5' in diameter. The walls 

were continueddown for a further 2f-6n, and the thickeiier was supported 

by this cylindrical shell, A circular doorway was cut in this, to allow 

free 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 a cock which is xsgHxataux operated from wxtttoa 

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 angle bend and the 3/8tt 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-launder, 

which leads to the collecting cone. At first, the discharge pipe was 

not used, and the discharge was passed into a xaxganc short launder, which 

fed the collecting cone launder. But the splashing of the discharge and 

the discomfort of changing orifices under the thickener were features 

that were not desirable, and the pipe was put in to allow greater freedom. 

It was found that no thickening was taking place in the pipe, and the 

results could not be affected. 

The thickener overflow launder is 4,-11" in diameter, 

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 thickener 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 xA 

and the overflow |>as3es 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 lauader. 1" cocks are placed at intervals of I1 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 ^l/2H 

cocks, the first 3" from the top, and the remainder are 5W apart and are 

staggered ?" from the vertical. Small samples from the interior are taken 

by these cocks for specific gravity measurements. % 5tt pipe and elbow are 

screwed into each so that a good sample, unaffacted by the walls of the 

thickener, can be obtained from each. 

The feedwell is 13" in diameter,of galvanized 

iron, and is 15" deep, being 3" above the level of the fasuxsnaix overflow. 

A 1 1/2" thick boardis rigidly bolted in the centre of the feedwell, 

tightly fitting the cylinder and a ?. 1/2" hole is bored out of the centre 

for the central shaft. A great number of l/0" holes are bored in the wood 

which serve to baffle the feed. A s44ve(4Qiaeah) was used to take any 

coarse foreign matter from the feed before it entered the thickener, and 

this was bolted to the feedwell. 

The feed is tapped from the central pipe of a 

pachuca, just below the fasdtwsxx cone, by a horizontal pipe leading to the 

feedwell. The central pipe gives a more representative sample of the 

contents of the pachuca than a sample taken from without the central pipe. 

The pachuca when full is approximately 14* high but 12* of pulp constitutes 

a charge- Samples are taken from 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. Jhe top-of the extension 

is covered with a hood,which diverts the uplift of pulp in$o a horizontal 

direction with little splash. 
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When the pachuca air is closed, the extension is lowered and the frustrum 

seals the upper part of the pachuca from the lower. This means that less 

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 

air 
cover the xixm« 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 

swirl caused by the overflow. The Discharge-arid-overflow sample is taken 
as 

from the the edge of the launder 3H«£«XK the two are feeding into the 

cone. The palp in the cone is returned to the pachuca, or to the feedwell. 

A floortank or sump is used to store the slime 

which is not required. 

A cro3 3 is provided at the pump to handle:-

1. 3tamp 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 collecting cone which is returned to 

the pachuca or to the thickener. 
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Pro cedure 

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 f.e. samples and sampling, 

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

1. Preliminary proceedings . 

Whenthe slime in the thickener has been allowed to settle after a test, it 

calces or cements upon the floor of the thickener, and the stirring arms 

must be run daily to kx break this up and to give the settled pulp a slight 

agitation. A 1M 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 placing the pain 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 the 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 xsto 

returned directly to the thickener. 

The pachuca can then be agitated. The air is admitted, and the extensible 

air lift 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 small portion of the total slime in the pachuca, and the air should 

break its way through easily. 

The thickener meanwhile has been put in agitation by means of the discharge 

plus overflow feed. The lime content in both pachuca and thickener can then 

be brought up to the required strength. The specific gravity of the 
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Pachuca can then be brought 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 gravity, respectively. 

When the thickener has been agitated sufficiently, the slime from the feed 

becomes distributed throughout the thickener, and the pulp level in the 

thickener rises. When it reaches the desired level, the test can then be 

started. Put on the 3/8 n discharge pipe, bushed to ta<e a 1" cap. 

Starting the test. 

Adjust the overhead cocks so that the discharge plus overflow is returned 

to the pachuca, and open the pachuca feed pipe 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 sufficiently wide to keep the pulp line at a constant heigh£. 

Increasing the feed means a increased overflow, and the discharge orifice s 

must be increased to balance the fall in density which would result. 

Density samples are taken every fifteen minutes of discharge, discharge 

plus overflow, and feed. The thickener is considered j^r be balanced when « 

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

2. The slime level remains at a constant height without change. 

% The density of the discharge is constant. 

In the light of experience, I would also suggest 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 

balance, for a XJSKKXB discrepancy between feed and discharge-plus-overflow 

aettlin^ rates mean that the ratio of slime to total solias is not constant 

and is therefore changing the quality of the feed. 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 the 

same quality as 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 conditions 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 hold3, 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 

alight difference that it may have had in comparison with the feed, at the 

beginning, is now reduced to nothing - for the 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 their sum equals the weight sample 

of the feed. The two samples snould be taken 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 take specific readings of all the 

small COCKS in the side of the thickener. This can be carried out in a 

WIS 2^0 cc flask and funnel. The samples should be taken from the top cock 

downwards, as this will not affect the fcj thickener so appreciably as if 

the samples were takeu in the reverse order. 

A check sample of the feed can now be taken. The feed is 

diverted from the feedwell into a small pipe leading to the discharge-plus-

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

Testing can now be carried on . The sample of feed 

can be 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 taken from the small cocks in the tank, and the settling rates 

of the slime dilution of the predominant zone are observed. 

Changing the dilution of the feed. 

If the dilution required is higher than the <xxix 

dilution of the completed test, the discharge cock should be closed and 

clear overflow is then passed to-i the pachuca. Another method is to divert 

the material to the feedwell instea. of &a the pachuca . This will give a 

discharge-plus-overflow feed to the thickener. The Pachuca can then be 

dilutod by letting 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 value. 7hen the dilution required is attained, 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 without loss of time. 

If the dilution required is less 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. If there is a storage of slime in the 

floor tank, it may be pumped directly into the pachuca, and thus altering th 

the feed. Some water of course must be taken out of the system, and this 

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

Test 1. March 14_?4. D & 0 a Discharge-plus-overflow. 

LOK Sheet of Test 

Time 
4.40 

4j45 
^.0^ 
5.15 

7.0* 

7.->5 
8.00 
'J.15 

3.4^ 

9.00 
o. i^ 
o. i^ 

9. ̂ 0 
Q.4^ 
] r>v n> 

10.^0 

Feed 
SpGr 

1.16 

1.16 
1.18 
1.12 
1.09 
1.09 
1.090 
1.09 

1.09 
1.09 
1.0? 
1. 10 
1. 10* 

CaO 
.47 

.48 

.'•9-

D & 
SpGr 
1.17 
1.15 

1.17 
1.1^ 
1. 12 
1.07 
1.115 
1. no 
1.110 

1. 110 

1.110 
1.000 

1.105 
1.110 

0 
CaO 

.47 

Discharge 
SpGr 
1.71 

1.66 
1.65 

1.62 

CaO Notes 
Room 64deg. 
#20orifice 
tank .47 

Room65deg 

.»/ 

?29 

/'30 

Sample Density L Bbs/min Solids Liquids 
Feed 
Discharge 
Overflow 

1.105 
1.62 
1.00 

5.6 
0.6f 

*>6.^ 
9.31 

27.2 

«.5 
5-6 

30.75 
3.7 

07 0 

Small cock3 Density 

<* I-
2. 
3. 
4. 
y 0 

6. 
7. 
8. 

1.066 

i.m 
1.1-^ 
1.124 
1.123 
1.132 
1.140 
I. 170 

Small cocks 

10. 
11. ; 
12. 

Density 
1.^1° 
1. 3 ^ 
1.4('0 
1.c'02 

Average density of zone 
or 

1.126 
4.6 : 1 

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



c$-L 

Test 2. 

Feed 
Time SpGr 
*.30 
2.30 1 
2.4* 1 

3.05 1 
5.15 
3.30 1 
3.45 1 
3.50 1 
4.05 1 
4.30 1 
4.45 1 
5.00 1 
5.20 1 
5.30 
5.45 1 
6.00 

6.59 1 

6.50 ' 
6.45 
7.00 
7.0̂  
7.15 
7.25 ' 
7-40 
7.50 ' 
8.40" ' 
9.00 
9.10 
9.25 
°-30 
9.40 
,̂45 
10.00 ' 
10.05 

lock Density 
1. 1.100 
2. 1.108 
5. 1.1̂ 2 
4. 1.132 

Average dent 

Sample 
Feed 
Dtetfliew^ 
Discharge 

.27 

.27 

.27 

• °7 
1.265 
1.26 
.26 
1.26 

1.27 
1.27 
1.265 

1.26 

1.255 
1.255 
1.255 
1.24 

1.24 

1.245 
1.25 
1,265 
1.2̂ 5 
1.25 
».2^5 
1.24 
1.24 
1.24 
1.24 
1.24*5 
1.245 

D & 0 
CaO SpGr QaO 

.37 

.44 

.44 1 

.55 1 

.45 ; 

.42 

Cook 

5. 
6. 
7-
8. 

lity of zone 

Density 
1.245 
1.000 

1.5! ? 

1.33 
1.27 
I.29 
1.27 
1.25 
1.24 
1.28 
1.26 
1.26 
1.27 
1.27 
1,255 

1.26 
1,24 

1.275 
1.275 
1.215 
1.225 
I.2S 
1.28 
l.°9 
1.2-55 
1.27 
1,27 
1.22 
1.22 
1.23 
1.25 
1.26 
1.26 

1.235 
1.245 

Density 
1.132 
1.136 
1.136 
1.140 

1.135 or 

L s S 
2.2 

0.70 

Discharge 
SpGr 

1.60 
1.60 

1.595 
1.60 
1.59 

1.595 

1.585 
1.58 
1.5a 
1.58 

1.58 
1.58 
l.«?8 
I.58 
1.58 

1.60 

1.57 

1.59 

4.3 j 1 

Lbs/mi 
27.4 
13.4 
15.0 

CaO 

Cock 
9-
10. 
11. 
12. 
. 

n 

Notes 
r*10 
#16 

\ 

fu 

#16 

12-.39 

1 -.42 

#15 

m #13 

-/' 12 

7" 13 
#1* 

#12 

#13 
#14 

Density 
1.146 
1.150 
1.162 
1.202 

Solids 
8.55 

8.8 

Liquid 
18.9 
13.4 
6.2 

Actual area required * 3.1 sq.ft./ton/day. 
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Test 4. March 21-24. 

Feed 
Time SpGr 

12.00 1 
12.05 1 
12.15 1 
12.25 1 
12.30 
12.45 1 
1.00 1 
1.15 1 
U30 1 
1.45 1 
2.00 1 
2.15 1 
2.30 1 

Cocks Density 
1. 
2. 
3. 
4. 

1.052 
1.088 
1.100 
1.100 

.06 

.065 

.055 
• 07 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

p 

CaO 

.52 

.4a 

.48 

• 47 

.46 

D & 0 
SpGr 

1.10 
1.08 
1.03 
1.07 
1.07 
1.07 
1.07 
1.07 
1.06 
1.07 
1.06 
1.06 
1.06 

CaO 

.51 

.47 

Cocks Density 

5. 
6. 
7. 
8. 

1, 
1. 
1. 
1. 

100 
100 
100 
1002 

Average density of zone 1 • 100 

Sample. 
Feed 

Discharge 

Feed. 
LiS 
1Q.2 
9.2 
8.3 
7-5 
6.8 

Overflow 

Sett.Rate 
3.00 
2.6 0 
1.78 
1.63 
1.34 

Density L *S 
/0/^1.O6 10.2 
1. 
1. 

1 

355 
000 

Area 
5.85 
3.94 
5.08 
4.90 
5.26 

1.5 

Lbs/ain 
59.2 
8.35 
30.9 

Discharge 
SpGr CaO 

1.41 

1.38 
1.37 
1.3* 
1.34 
1.345 
1.34 
1.53 
1.335 

Cocks 

#.9. 
10. 
11. 
12. 

or 5-9 t 1. 

Solids 

3-5 
5.35 

L:S Sett 
5-9 1 
5*3 0 
4.7 0 
3-9 0 

Notes 
#27 
#50 
Feed cl. 
#31 

Density 
1.248 
1.276 
1.280 
1.292 

Liquid 
35-7 
5.0 
30.9 

.Rate Area 

.15 5.1 
•85 5.9 
.71 6.0 
.60 5.3 

Settling Rate of feed 2.2 ft/hr. Area(Mishler) 5.2 

Feed contains 5$ % Standard Slime. 

Computed Area required 
Actual Area required 

diln. 
Computed of zone 
Actual diln.of zone 

6,0 sq.ft./ton/day. 
7.6 sq.ft,/ton/day. 

4.7*1 or 8.6t1 of slime. 
5-9*1 0f slime. 
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Test 5« March 27-^4. 

Feed 
Time SpGr 
12.30 
12.40 1 
12.50 1 
1 .00 
1.15 1 
1*30 1 
1.45 1 
2.00 1 
2.15 1 
2.30 1 
2.45 1 
5.00 1 
5.15 1 
3.30 1 
3.45 1 
4.00 1 
4.15 1 
4.30 1 
4.4? 1 
5.00 1 
•5.1«5 1 
6.4^ 1 
7.00 1 
7.15 1 
7.30 1 
7.45 1 
8)00 1 
8.20 
8.30 
8.45 
8.50 
8.55 
9.00 1 
#,<!£ 
9.15 1 
9.30 1 
9,40 1 

locks Density 
rfi. 1.076 
2. 1.096 
3. 1.108 
4. 1.112 

Aver 

Sample De 
Feed 1 

Discharge 1 
Overflow 1 

.09 

.09 

.10 

.11 

.11 

.11 

.10 

.12 
12^ 
'.14 
.15 
.15 
.18 
. 1?5 
.19 
.19 
.13s) 

• 19 
.20 
.20 
. ?°< 
.20 
.20 
.20 
.19 

.20 

.19 

.18 

.185 

S.R. 

.555 
•535 

D & 0 
CaO SpGr 

.40 1 

.40 

.48' 

.38 ; 

.41 

Cocks 

5. 
6. 
7. 
8. 

'age density oi 

msity 
.190 
.40 
.00 

L*S 
2.9 
1.2 

.11 

.095 

.12 

.10 

.10 

.10 

.10 

.12 

.14 

.17 

.16 

.15 
M 5 
.18 
1.18 
1.20 
1.23 
1.195 
1.20 
1.205 
1.20 
1.20 
1.22 
1.17 
1.20 
1.19 
1.20 
1.90 
1.22 
1.215 
1.205 
1.205 
1.18 
1.19 
1.18 

1.195 

CaO 

• 38 

.40 

Density 
1. 
1. 
1. 
1. 

P zone 

112 
112 
112 
112 

Discharge 
SpGr 

1.48 
1.45 
1.365 

1.56 

1.38 
1.39 
1.385 
1.39 
1.40 

1.395 
1.59 
1.59 
1.39 
1.38 
1.58 
1.39 

1.335 

1.37 
1.36 

1.59 
1.39 

1.40 

1.40 

S.R. 

•5*5 
.525 
.540 

1.112 or 5. 

Lbs/min 
31 
1* 
14 

.4 

.1 
-5 

Solids 
8.0 
6.9 

CaO 

Cocks 
0. 

10. 
11. 
12. 

25:1. 

3 

Notes 
#21 

fl5 
§9 

#6 

m 
#4 

#5 

#8 

<'o 
f»0 

Samples 
taken. 
#11 
#12 
#15 
4.£^-9Qf6ed 

op. 

#12 

Density 
1.114 
1.116 
1.124 
1.152 

Liquids 
23.4 
8.2 
14.5 

Feed contains 60$ standard slime. 
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Test 5« (continued) 

Feed. 

US 
9.5 
8.0 
7.0 
6.5 
5.7 
5.0 
4,5 
3.9 
5-5 
3.1 
?.9 

Sett.rate 

3.79 
3.45 
3.03 
2.72 
2.30 
1.92 

1.5*5 
I.23 
0.98 

0.73 
0.62 

Sett.rate of 

Computed area 
'Actual area 

Area 

2.9 
2.6 
2.5 
2.5 
2.6 
2.6 
2.8 
2.9 
3.1 
3.5 
5-7 

feed 

3. 
5*. 

Discharge 

LsS 
6.3 
5.7 
5*5 
5.0 
4.7 
3.9 
l.*5 
5.1 

Sett.rate 
2.28 
1.86 

1.71 
1.50 
1.38 
1.03 
0.78 
0.64 

,63 Area(Mishier) ^*6 

3.7 lq.ft./ton/day-
5JL4 sq.ft./ton/day. 

Ut>k 

Computed dilution of zone 2,9:1 
Actual dilution of zone 

or 4.8:1 of slime. 
5.25:1 of slime. 
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Test 6* 

Feed 
Time SpGr 
1.00 1 
1.15 1 
1.30 1 
1.45 1 
2.10 1 
2.30 1 
2.45 1 
3.00 1 
3.15 1 
3.50 1 
3.4- 1 
4.05 1 
4.15 1 
4.30 1 
4.45 1 
K.00 1 
5.1- 1 
5.50 1 
5.45 1 
•5.5̂  1 
6.10 1 
6.20 1 
6.30 1 
6.45 1 
7.00 1 
7.15 1 
7.50 1 

Cocks Densi 
3. 1.0 
A. 1.0 
5. 1.0 
6. 1.0 

Aver 

Feed. 
LtS Sett.rat 
p.o 2.30 
7.6 1.81 
6.7 1-47 

Discharge. 

.17 

.17 

.17 

.18 

.18 

.18 

.18 

.18 

.19 

.18^ 

.18 

.18 

.18 

.18 

.175 

.17 

.17 
-.185 
. 16*5 

.17 

.18 

.18 

.185 

.185 

.185 

.19 

.185 

ty s. 

D & 0 
CaO SpGr 
.41 1 

.41 

.40 1 

.59 1 

.42 1 

.42 < 

.43 ' 

.42 ' 

.44 

-43 

.42 

.40 

R. Cock* 
76 .55 7. 
HO 
80 

0 , 

9. 
84 .50 
age density c 

e Area 
4 
4 
4 

.2 

.5 
•5 

L:S 
7.7 
6.8 
6.0 

1.205 
1.205 
1.19 
1.20 
1.29 

1.195 
1.20 
1.205 
1.20 
1,20 
1.18 
1.18 
1.18 
1.18 
1.18 
1.18 

1.19 
1.185 
1.165 
1.205 
1.20 
1.20 
1.19 
1. 19 
1.19 

1.19 
1. ̂ 9 

CaO 
.46 

.44 

.44 

.44 

.42 

.44 

.42 

i Density 
1 
1 
1 

.088 

.092 

.092 

>f zone 1 

L:S 
6.0 
•5.3 
4.7 

Sett. 
1. 
v.J ft 

0. 

Discharge 
SpGr CaO 

1.255 
1.26 

1.255 
1.26 
1.26 

1.27 
1.28 

1.28 

1.5^ 
1.30 
1.50 
1.50 

1.30 
1.50 
1.30 

1.285 

1.30 

1.30 

1.31 
1.30 

S.R. Cocks 
10. 
11. 

.47 12. 

.084 or 7. 

rate Area 
20 4.78 
99 4,83 
76 5*24 

Sett.rate ArW 
1.74 
1.4*5 
1.16 

1: 

L 
4 
3 
5 

Notes 

#9 

#10 

Pump prlad. 

#11 
#12 

Density 
1 
1 
1 

1. 

:S 
.2 
.6 
• 5 

,100 
.100 
.116 

Sett.rate 
O.65 
0.^8 

9.57 

Area 
5.12 
4.4 
4.2 

Feed contains 57% standard slime. 
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Teet 6.(continued) 

Sample 
Feed 

Discharge 
Overflow 

Density 
1.185 
1.30 
1.00 

L:S 
5.0 
1.7 

Wt/min 
20.2 
14.1 

6.1 

Solids 

5.1 
5.2 

Liquids 
1̂ .1 
3.9 
6. 1 

Computed Area required t/tf$ 5.24 sq.ft./ton/day. 
Actual Area required 5.25 sq.ft./ton/day. 

Computed dilution of zone 4.7*1 or 8.2j1 of slime. 
Aotual dilution of zone 7-1*1 0f slime. 
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Test 7. 

Time 
9.50 
9.45 
9.55 
10.00 

10.10 
10.15 
10.50 
10.50 
11.15 
11.50 

12.55 

Cocks 

5. 
4. 

6. 

Feed. 

LsS 
7.6 
6.9 
6.1 
5.6 
<>.2 
4.6 
4.0 
5.5 
5.2 

Feed 
SpGr 

1.15 
1.15 

1.12 

1.124 

1.15 

Density 
1.076 
1.080 
1.080 
1.080 

Average 

D * 
CaO SpGr 
.44 

.45 1 

.46 1 

.09 

.15 

.122 

.127 

.12 

.130 

.152 

.13 

.13 

S,R. Cocks 
.53 7 

8 
9 

.53 
density 

Feed contains 

Sett.rate 
2.92 
1.71 
1.38 
1.1*5 
0.95 
0.75 
0.62 

0.55 
0.46 

Area 
2,6 
3.9 
4.05 
4.3 
4.6 
4.8 
4.5 
3.9 
3.8 

Sett.rate ef feed .65 

Samp] .e Density %x% 
Feed 1.15 

Discharge 1.23 
Overflow 1.00 

4.5 
1.9 

• 

» 0 
CaO 

.42 

.43 

Density 
1.084 
1.084 
1.088 

Discharge 
SpGr CaO 

1.28 

1.28 
1.20 

1.28 
1.28 

r S.R. Cocks 

.48 

of zone 1.084 or 7s 

52$ standard slime 

10. 
11. 
12. 

1 ? 

• 

Discharge. 

Area % (Mishler) 

WT/Min 
35.4 
18.2 
15.2 

Solids 
6.1 
6.3 

L:S 
7.7 
6.8 
6.1 
*5.5 
5.1 
4.7 
4.2 

5-5 

Notes 
#12 
#8 

Feed cl. 
" " #9 

Density 
1.088 
1.088 
1.100 

1. 

Sett.rate 
2.00 
1.75 
1.46 
1.22 
1,09 
0.97 
0.83 

Liquid 
27.5 
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 4.6s1 or 8.85*1 of slime. 
Actual dilution of zone /.1 :1 of slime. 
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Th® figures are al&oet aelf^eaplanatory, but 

I intend to t*dce up each teet and comment upon It, statins 

any reasons* if any, for doubting the reXiabiiity ot th© 

figures. In the finaX teste, whore X hare compared theoretical 

results with the r^ults found by tent, tkore does not seem to 

be any connection between the theoretical dilution of the 

thickener asone and the result found by practice* ttio,! believe 

la due to th© inaccurate determination© of natural ©lime* 

The presence of lime in the sample caused iraaedlate flooouXatio 

with the reeult that X was obliged to shorten the acttlin^ tefc 

IntervaX to thirty seconds* Th® use of a defXoceuXatlng agent 

may bo found praotleabXe, but X would suggest the ^plication 

of an elutriate r in tho determination of natural slime* A v®ry 

email current could bo applied to the ©aapio, md it could bo 

imched fro© of adhering solution of lime, the correct veXocity 

could then be gradually acquired, and tho solido In the over* 

flow v7ixi represent tho amount of slime present in th© e&mpXe. 

This material la therefore a standard BlLmo* 

Testt* Show* a high discharge, but since it ©hows a good 

gradation in tho thlc&entas zone, the tost is preauia&biy 

a good one, 

Teet^» 3howc & hig& discharge,but with a very low density in 

tho 12tiu cocKt This coê itf highly improbable, an& for * 

Uiis reason, I do not place a hi&\ value on thia teat. 

Prof* -loll then ou^octod that tho trouble lav in th© 

aand which was present. Xt was not bi*in̂  Hooaarued as 

fast as it was boin^ fed, because a blanket of it v;afi 
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forxaod over tho discharge cone, A discharge of constant 

density wao the result, v/hioh would not vary when tho condit* 

iona were changed. The sioall area required showed that tixe 

feed hold a high aond content, thu» giving a high capacity. 

The arterial was then clarified by allowing the aliao to « # H | 

aettlo in a tub. The top alimo was decern ted off, m& poured #n 

back in toe cyatem* 

Tho dlaoharge pipe wa^ then Installed, mik It .ras uced in the 

remaining tests* 

Tost 3. The tath, cock m@®B reasonable vihen compared with 

the discharge, end X think that thic tost la a good one. 

Teat 4, The dilution of tho predoiqlnant aone uwas to be 

higher than the dilution in m e previous teats, 

Whim v/o compare the settling rate© of the feed dilutions with 

the rates of tm% 5 , we two-that the alia© content is evi­

dently greater, hanee the smaller capacity of th@ tost is 

accounted for, 

Teste. The settling rates of m e feed and the discharge dil* 

utions do not check, indieatins that the thickener was not in 

balance, m e high settling rate© indicate *&»* a high aaad 

content, with tho result that the area required la a normal 

value, Tho actu al value approximator the theoretical* 

Test 6, m e feed eaqple contains more alla# than lost 5# The 

capacity of the thickener in thia teet I* therefore lose than 

in feat 5, and the actual figure ohecka closely vuththe theor­

etical* 
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leaa 
feat 7* The food contains sorst slime than in Teat 6, and the 

capacity la therefore greater* Tho theoretical value for area 

aheeke eloaaly with the actual requirementa* 

As I have before remarked, the theoretical dilution of the 

aliae aone doea not chec): with the actual dilution found* This 

la due to erroneous values found for tho percentage of natural 

slime present, The proof of the error lies In the relation 

between the settling rated of the food dilutions and the 

capacity of the thickener during each tect. 

m e figures lahow that thero ia aose evidence 

in Ooe and Clevenger's theory, for in the &&£&& four teats 

which were run $&&&, and upon which dilutionc or feed samplee 

wore also tested for aottling rates, three of these ahow 

aisreensent between theory nzid practice,' Bio foirth teat{Teat 4) 

showed a discrepancy of about 25* between theory nnd practice, 

I am unable to account for it* for I do not think that the 

hl$h dilution of the feed was a elgnifleant feature* 

Unfortunately, tiae did not pcrait v*n$ toots 

to bo run with h i ^ dischargee* Tho hi^i dischargea found in 

the early teats were the reault of a local trouble, the thick* 

mwr bains filled with elime from a hoao. The aand the&afore 

waa found covering the bottom of the thickener, whereaa 

the aand la diaeharged, in actual practice, aa 3oon aa it la 

fed to the thickener rnd is allowed tiise to settle. In Prof• 

Bell* a o m words, the aand fall a out inncuiateljr in a ateady 

downpour from th© foedwell, and does not become wafted out, aa 

la the Caae with aline* 
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Some tests.upon 
natural slime, and 

crushing. 

The following tests were carried out in order to find the 

variation,if any, in natural sliiae, when ground to varioua 

lengths of time, 

m e following results were obtained by Messrs, Legg and Snijmaa 

upon tinguaite. Natural sliiae was deterrained from the -200 mesh 

siae, and the percentage in total solids was then caXculated, 

Time of 
grinding 

3 
6 
8 
o 
12 
15 
18 
20 
21 
24 
30 
37 
40 
49 
50 
62 

mine* 

% 
-200 
4.6 
5.9 
12.9 
14.4 
19.7 
13.0 
2̂ .2 
32.2 
34,3 
39,0 
47,2 
53.5 
56.5 
67.9 
68.2 
70.5 

% 
std.al 
1,4' 
2,7 
3,0 
4.0 
5.0 
4.5 
7.3 
9,1 
9.4 
10.3 
13*7 
10.1 
20,6 
27.8 
24.7 
29.3 

The following reaults were obtained by Mr,SniJaan and myself, 

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

Time of 
grinding 

0 mini 
5 
12 
21 
30 
40 
50 
60 

-200 
17.? 
;;>6.6 
38.5 
51.1 
63.8 
77.6 
85,3 
90.6 

% 
sta*slime 

0.95 
1.7 
3.7 
5.4 
6.7 
10.1 
11.1 
U.6 
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The figures indicate that the amount of slime varies with 

the amount of crushing, but v/hether this is due to greater 

liberation of slime or the conversion of sand to sliiae is 

problematical. 
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