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Li{TRODUCTION

In nearly all ore dressing operations the material
has first to be crushed to a greater or less extent, and in
many cases, it has to be ground very fine, Fine crusiing of
any brittle substance invariably produces a considerable amount
of exceedingly niaute particles: The fine material thus pro-
duced is usually nmixed witin water either during the crushing
or in subsequent operations, and the portion of tuis water-ore
mixture viaich is8 too fine to clarify imnediately on settling is
commonly called slime, The settlement of slime is therefore an
essential problem in modern ore dressing.

The problen consists of the settling of solid particles
from suspension, thereby obtaining a clear licuid and a thick
bottom discharge., The settling area required per ton of solids
and the density at which the thick pulp can be discharged are
the most important factors in the solving of practical settling
problens.

Prior to the introduction of the process of continuous
decantation into cyanide practice, it was felt that slimes were
a necegsary evil on account of the losses in treatment and the
difficulty of making a good leaching product. Since some sline
is inevitably formed during crushing and grinding, crusihing

machinery was classified as to how much of this undesirable



slime was produced, and elaborate and expensive stage crushing
was developed to minimize tne amount of sline,

In the earlier cyanide plants intermittent decant-
ation was thought to be the only method of dealing witn the
slimes produced in grindin.. This process was carried out in
large flat-bottomed tanks, and was an expensive method, both
in time and labour.

in 13%?1?ﬁ2"20unter current Jrinciple was attempted
in a continuous way to the original decantation process, but
the experiment was not a suceess, With the introduction of the
Dorr Thickener in 1907 the process was made possible, and con-
tinuous settling on a large scale became practicable., In 1910
the first modern plant was put in operatioin and since then the
Process has extended its field until, at the present time, it
1s employed in practically every mill,

oince the capacity of any given slime settling tank
can only be increased by increasing the settling rate of the
slime, the realization that a flocculating agent could be added
to the suspension, causing the agslomeration of the individual
particles into flocs wnich fall with increased velocity, was of
tremendou8 commercial importance,

The Dorr Thickener was the first effective appliance

for continuous operation, all earlier settlers hnaving been



intermittent, .the pulp being charged, allowed to stand for some
time, the liquor decanted, and the thickened material removed.
There are, of course, mang other settlers, some of whicn are of
importance, but none has proved so gpenerally acceptable as the
Dorr., It has tiierefore been chosen in the laboratory investig-
ation under review as the type of modern settiling machinery.

A discussion of the problem of settling might best be
preceded by a brief description of the construction, operation
and uses of the Dorr Thickener. A detailed description of the
laboratory apparatus will be included in a later sectioB of this
thesis. This type of settling apparatus is'essentially a cul-
indrical tank, generally of greater diameter than depth. It is
fed at the centre of tihe top by means of a feedwell discharging
below the surface, The material settles,the clear overflow at

I ol Lo Y et
the top is collected in an annular launder, and(a very slow-
moving mechanism, consisting of a central vertiéal shaft with
radial arms at the lower end, scrapes the thickened pulp B6 the
central discharge from which it is drawn at a fixed rate by a
suitable pumping device, The shaft can be raised to prevent the
imbedding of the arms in the thickened solids at the bottom if
the continuous operation of the thickener is interrupted., Under
constant operating conditions of feed and discharge there is an

upper zone of clarification and a lower zone of thickening in

the tank.
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The field of application of the Dorr Continuous
Thickener is an ever-widening one, but its most important app-
lication from its invention has been in the cyanide process. In
that process it i1s used for thickening the grinding uiit product
to the proper consistency for agitation,and for Continuous
Counter-Current Decantation with cyanide solvent, either with
or without filters. It is also used in the flotation process
for thickening the feed.tocthe proper consistency, for thicken-
ing the flotation concentrate, and for water recovery. In
concentration it is used for thickening previous to concent-
ration, andl for water recovery., Recently it has been introdu-
ced to replace the sludge collectors and other similar devices
32?%?% preparation of fine coal, It is also used in the chemical
and otner industries,

The desirability of a scientific knowledge of the
phenomena of settling was realized even by the early investi-
gators,including Rittenger, half a century or so age, but it
did not become of crying importance until the development of
the cyanide process about 1895,

Later, Ashley and Caetani studied the problem from a
purely theoretical standpoint, stressing the difference between
crystalline matter and the colloid and the effect of floccu-~
lation and viscosity on settling rate,

In 1912 Forbeslpublished an article in which he out-

D.L.H., Forbes: Settling of [iill Slimes, Eng.& min.Press, 93, 411



lined some general principles of settling, enunciated six con-
ditions affecting settling, and presented a formula for the
settling capacity of tanksi This paper was followed by one by
Mischlerﬁ, who set forth certain definite principles governing
the settling of El Tigre Slime, and presented a formula by meaas
of which laboratory results could be used as a basis of mill
design.

In 1916 H.S. Coe and G,H, Clevengerzpublished a paper,
which, though somewhat obscure in its presentation, gave a
comprehensive analysis of practical settling problems in a con-
tinuous thickener, Their paper supported the conclusions reached
by iilschler, and correlated the settling phenomena exnibited in
laboratory tests with those snowa in the continuous operation
of a tnickener, It also presented iformulae for the determination

N
of area and dep h from the data obtalned in small-scale settling

tests,

A further consideration of the problem was coummenced
at HcGill University during the session 1923-24 by R.C. Gegg,
Research Fellow in lining, the writer acting as his assistant
during the period set aside for ore dressing work in the Fourth
Year, Gegg's work opened up what appeared to be an intensely
interesting field of research, and Dr, Porter suggested that the

writer continue the experimental work to fulfill in part the

t R, T, lischler: Settling Slimes at Tigre, Eng.&iin.Press,94,643

2 Coe and Clevenger: Transactions Am. Inst. iiln. Eng. (1916) 55



requirements of tne Faculty of Graduate Studies and Researcil,
One of the chief difficulties experienced in the work
of'the previous year was due to the presence of exceedingly fine
sand in the pulp wihich had been specially prepared for the in-
vestigation, but it was impossible to eliminate this trouble
last year. In planning this year's investigation provislon was
made for using an almost sand-free slime, and the following
scheme of investigation was adopted., Thickener tests were to
be run at various dilutions of feed in order to prove or disgprove
the Coe and Cleveazer theory, and to obtain further data on the
operation of the thickener, Correlated small-scale laboratory
settliing tests were to be run colncident witn tne operation of
Dorr., Clarification problems involving area as the controlling
factor were to be rirst studied, and 1if sufficient time were
avallable it was planned to at least begin an investioation into

the mechanicg of thickening,



THEQRY OF SLINE 3ETTLELIZUT

For a clear understanding of the many problems invol-
ved 1n slime settlement a study of the seneral phenomena of
settling is necessary. Gezs, in his 1924 thesis has covered the
theory of settling in so comprehensive a manner that it seems
hardly necessary to treat the subject in as great detail in this
thesis. The present thesis will therefore include in this sect-
lon certain necessary definitions which have been adopted by
previous writers on the subject; a short discussion of the theory
of colloids in ore dressing, and a brief ciironological swuaary of
the principles and formulae presented by previous investiszatorse

To answer the pertisent question " What is slime Y,
two definitions are required for two products, either of whica
nigint be loosely referred to as sline. These two products are:

(a) datural Slime

(b) letallurgical Slime.

slatural Slime may be defined as the ninutely subdivided
particles of kaolin, talc, or other similar constituents of an
ore.which occur minutely subdivided in nature, and which are
liberated by crushing.1.

tletallurgical Slime is a product which containg not
only all the natural slime as above defined, but also a consid-
erable portioan of extrezely fine sand, and even in sone cases,

some relatively coarse gand. !

1 J.W, Bell; IV Year dotes on Slime Settlement, ilcGill University
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Hischler! defines slime empically as " the finer particles of
A

pulp which will remain suspemded for five minutes in a 100:1
mixture of fresh water and ground ore; the temperature of sep=-
aration being 60 deg. F.(16 deg.).

Mischler's definition omits any mention ofessential
fact, that is tihe depth of the vessgif%§2 pulp is suspended, but
from the context, it is clear that he refers to a laboratory
apparatus approxiﬁétely a f9ot in depth,

Sand may be defined as the relatively coarse material
of the pulp resulting from the comminution of quartz, calcite,
feldspar, or other massive gangue matter, varying in size from
that of a pea to impalpable powder.

Settling rate is expressed in terms of the depth in
feet of clear liquid formed per hour.

Dilution is eXpregsed in terms of the ratio by weight
of 1iquid to solids, the " L:3 Ratio. In tables, charts, and
formulae, the first factor only of the L:S Ratio is used. Thus

the figure 5 designates a dilution of 5:1. 1

Settling Problems in Thickeners.

From a consideration of the problem of thickener
capaclity, it iéﬁpparent that the rate of settlement in a thicke
ener is one of the controlling factors in its capacity, the

capaclty varying directly with the settling rate, other

! R,T. Mischler: Capacities of S.8, Tanks, Trans AIME, 58,163
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conditions remaining consbtant. Also, the chief practical factor! ~
in the settlenent of metallurgical pulp is the settlement of & &E~
comparatively small portion of "natural slime", the sand settling
8o rapidly during the time required to settle thne natural slime
that its settlement does not enter into the problem. In other

words, "

the capacity of a Dorr Thickener with respect to the
sand portion of a slime pulp is limited only by the tonnage t.at
can be handled by the revolving rakes and the discnarse outlet, 1"

It is also evident that an increase in slime settling
rate will increage the capacity of the settling apparatus, Accor-
ding to Peane2,'"the problem tius resolves itself into the control
of the settling rate 0of tne slowest settling particles in a sus-
pension and is governed by the same general principles that apply
to colloids. Witn coarse particles, gravity is tne controlliag
factor, but as tiie particles becoume finer and finer, tiae ellect
of gravity is gradually reduced and is eventually overbalanced
by tne forces of surface ener.; and Browanlan .ovedent, and a
colloidal state is reached wliere the dispersed particles remain
in permanent suspension in the liquid," unless disposed of by
otner tnan gravitational meaans,

If we consider the setilement of a nignly diluted
metallurgical slime in a cylinder we observe that the coarsest
particles settle rapidly to the bottom while the finer particles
will settle at a much slower rate, Stokes i1n 1850 showed tnat

#J.1, Bell: IV Yr., Ore Dresgsing ilotes, .cGill University. 1
2il,A, Deane: Settlia, Problems, An.Electro-Cien SocC. Apr., 1220, 2

Ul o
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tihe particles, excepting taose of colloidal size, will fall with
% velocity .iven by the formula

V.—.gr‘(d'd')%:
9k

in which v is tihe velocity, r is the radius of tne particle, 4
and d' are the densities. of the particle and medium respectively
g ls the acceleration of gravity and k is a constaant depending
upon the viscosity of the solution,

Neglectins the self-evident effect of the differencess
in densities and of gravity, the Stokes Tormula, applicable to
particles approximately 50 microns insize, can be siuplified to

v:.__._CdA,
k k

where A 1s the area of tne particle,

It is apparent from 2 consideration of tne formula
tiat tne velocity of fall is directly proportional to tiie area
of tiie particle and inversely proportional to tihe viscoslty of
the medium throu..: wonicn it falls. The factors involved in area
and viscosity are discussed i tune Tollowing paragrapis,
Viscosity.

3ince tne viscosity of a liquid is inversely osropor-
tional to tune temperature, it may be stated as a principle of
settling that 'Settling rates increase as the temperature inc-
reases, otier things being equal,' It is known that the effect

ol temperature change on viscosity, and ileance upon rate of
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settling, is greater at low temperatures than at high, Althougn
the use of waste steam to prevent tne chilling of slimes 1in
winter wuignt be practicable, heatins of mill solutions above
ordinary summer temperature is unprofitable,

Forbes { opus cit ) shows tnat the physical charac-

exfeq?-
teristics of the ore influence settlement to a considerablei He
states that tne " viscosity of the water also lncreases witu
ail increase in the percentage of colloidal particles ii the sliae,
ile probably means the degree of subdivision of the ore instead
of tne pnysical characteristics of tue ore,
Area,

Again considering the Stokes formula, 1t 1sg apparent
that the velocity of fall of a partigle varies directly with tne
square of the radius, Settling rates can tnerefore be increased
by increasing the size of the particles in suspension., The sus-
pension may be changed by"flocculation" from a larse number of
fine particles with very slow settling rates to a relatively small
number of agglomerations of these particles which settle at:an
increased rate,.

Before attempting a discussion of flocculastion in its
various phases, a brief explanation of the theory of colliods is
desirable,

The investigations of Dr, Ashley!l have established the
conception of the existence of suspensions of smaller and smaller

particles, Suspensions of clay have been prepared in which the

| Ashley, Bulletin U.S, Geol. Surv, 388, (1909)



particles, althousi distinguishable under tie microscope, remain
permanently suspended, urt..er, the investlgatioans of Zslgsnondy
with colloidal solutions under tiie ultramicroscope have estab-
lisned tue conclusion that & colloidél solutioin is simply a
suspension of extraordinarily fine particles, There is no break
between a suspension of lar e gold particles 1a water and the
typical colloidal solution of gold,~a perfect continuity of the
suspension series is indicated, The Tollowinz classification is
due to Zsisuondy:
Dispersoids.

1, Coarse- Particles over C,1 micron in mean diameter,

2, Colloid- Between 0,1 and 0,001 uicron in mean dian,

3., :olecular- Below 0,001 nicron in mean diapeter,

The differences 1i: paysical benaviour between tine
suspensions of tne series is one of degree¢ only., In coarse
suspensions, gravity is tne controllin. ractor, but as the
particles become finer,gravity becomes less and less Luaportant
while, at the same time, surface energy and Brownian novenment
become nore and more important until the colloidal state is
reached in which the particles remain in permanent suspension,
Since a colloid 1is composed of very fine particles of one sub-
stance suspended in another, the total surface of contact will

be great, bringing into effect tne forces of surface eneryy,
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Jany theories n=ve been advanced to explain the stabil-
ity of the colloid, including Y. Tne Strain Theory (Ostwald);

2, The Theory of Repulsion of the Water Ilolecules (Idser); 3. Air
bubbles and flocculation (Edser); and 4., The Theory of Ionic
Adsorption,

The latter tiheory is novw zenerally accepted, and is
based on the assumption that the particles are electrically
charged, tnese charges Leiln. of the sane sign, The particles
thus repel one another and remain i. permanent suspension,

Two explanations are advanced for tne origiin. of tiae

cuargse, Coenn states tiat "

wiien two substainces are liw.contact,
the substance wit.a tile hi_ner dielectric constant will be

caarged positively," Since water possesses the ni.ner dielectric
constant, thne ore particles will be negatively chargsed. The
second explanation is based on the prefereptial adsorption by

the ore particle of tae OH ions, formed by the ionization of

vter into H and OH ions,

The charges on tne particles musi therefore be neut-

order to destrpy thie condition of stability., This takes place
1 we add to the water, wnlciu is a non-conductor, a soluble
substance wnich sives it conductive powers., Sucu a solution is

comilonly called an electrolyte, and on its addition or that of



another colloid, the aneutrallized particles are agclomerated by
gravity and assisted by Brownilan movement l.to rlocs, produclng
the condition of flocculation,

Si.ice a suspension 1s more or less flocculated with
reference to anotiner suspension, tie terms "flocculation" and
"deflocculation" are relative terms, the latter being simply a
condition of "legs flocculation.," For this reason the term
"degree of floéculation” is preferable,

The degree of flocculation is affected by nauny factors
of wiiich the conductivity of tnhe electrolyte is one, Freel
classes the neutral aalts of the alkall and alkaline eartas in
their:order of flocculatin. vower as follows: Sodium, Potassiun,
Ammonium, L.ignesium, Calcium, and Barium; tne taree latter beling

considerably nore active tnaa three former, He aas also sug

(ST

ested
the possibility of preferential Tlocculatlion,- of flocculating
certain ninerals in anm ore wnile otier minerals rewuain unfloc-
culated.,

In ore dressing flocculatlon is generally produced by
the addition of lime, wiicn, tnou... less potent than many other
substances is more suitable for other reasons., Deanec (opus cit)
a8 stated the following requirements for a flocculating asent
in ore dessing:

1. It should be inexpensive,

1., Free: Colloids and Colloidal Slimes, fng ..in Press 101, 249etc.
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2, It should have little or no detriuentzl effect on
either the solids or the liquid under treatment,

3, It should not introduce reagents whicii would be
deleterious to subsequent treatment,

4, It should permit of a low moisture content in tne
thickened sludge.

In reference to the last requirement, it is manifest
that,as well as increasing tne settling rate of the dilute pulp,
flocculation causes slime to reacii compression at nigner dilution
than when not flocculated,

Lime 1s commonly employed in tie cyanide process on
account of its cheapnegs and also because of its usefulness as
an alkaline protector for tuae cyanide.

In the clarification of certain trade wastes tne
addition of colloids as flocculating agents is practised,

The gpeed of flocculation has an important effect in
settling., If rapid, the suspension will settle at a uniform rate,
while a sradually increasing rate ol settlement will occur where
the growth of the flocs is slow, Also, the physical character
of t..e flocs will affect the rate of settling, compact flocs
possessing a faster gettling rate than tnose of the long, stringy

type.
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Development of settling phenomena in a thickener and related

methods for determining the capacities of thickeners,

The theoretical considerations éiscussed thus far have
led up to the application of zeneral settling principles to
slime settleieat in tinickeners, Beiore outlining tne various
umwethods presented by previous investigatore for determgng the
capacities of slime-settling tanks, a summary of tne pnenomena
exhibited by slime in process of clarificatlon may be given,

As stated in a previous section of this thesis, an
upper zone of clarification and a lower zone of thickening are
maintained in a continuous thickenera This may be more clearly
understood by first considering the behaviour of a tunin metal-
lurgical pulp allowed to settle in a glass cylinder after
thorough shaking, The pulp at first forms a homogeneous anfloce-
ulated mass, the coarse sand particles séibling:immédiately.
After an interval of time, the length of which depends on the
speed of flocculation, a flocculent structure Ls_ assumed’ by: the
material still suspended, and the slime flocs nearest the bottonm
settle, building up a compact mass in which the flocs are in
intimate contact., This is called the'thickening zone: Above
this thickening or compression zone and separated from it by a
transition zone is an upper zone of free settling pulp of coas-
tant gravity. A zone of clear water is present above the free

settling zone, Iischler describes the free-settling zone as the
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horizon of evenly flocculated dilute pulp in Which the flocsg do
not press one upon the other,

In a continuous thickener all four of these zones are
generally preseat, In tae "free-settling" portion of the tank
tne flocs of colloidal matter taat are produced by tae electro-
lyte are sufficiently dispersed to settle bj sravity tarougi the
liquid in waicn they are suspended, Tials settlement takes place
at a constant or gradually dininisihing rate until the critical
point is reacned, at which poiat compression of the flocs begins.

Critical dilution is defined by iiiscihlerl as the dilut-
ion at wiulcn the floecs vezin to touch, It is the algnest dilut-
ion at wiiich channels or tubes foru in the pulp, these cnannels
or tubes Turnishing passageways to the surfave for the clear
liquld set free in the bottom of the vessels. Its position in
relation to the free~settling and the tnickening zones is iven
by Coe =iid Clevenger2 at the top of the titickenliqy zone where
the flocs, altnousn resting one upon the otner, nave not yet been
compressed, A marked retardation in settlin, rate occurs as the
critical point 1is reachned,

In the tnickening zone, the [locs have drawn so close
togethner that no furtner settlement can take place without com-
pression of the flocs tunemselves, the liquid set free in the
g;%pression having to force its way out of the compression zoae
throusn the channels mentioned above, In this zone settling rates
are approXimately proportional to pulp depth,

+ Iisculer: Capaclities of Slime Tanks, Trans. A,IL,I,E, 58 ,104
2Coe and Clevenger: Capacities of 5.3, Tanka Trans, A,I.i,E, 55 35¢
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Hethods for determining tie capacities of slime-settling tanks.

Tne preceding parazrapns nave included a statement of
tne general pringiples of settli.ngz, the efifect of flocculation
andAotAer agents on settling rates, and the application of sett-
1lug phenomena as seen in glass sraduateés-'"quiet settling"-, to
settlenent indcontinuous settling apparatus, waich, it may. be
repeated, is usually circular in shape, the feed entering at the
centre, and the clear liquid overflowing at the periphery,

In the followin. »aragrapns a sumiary of the results
of practical importance obtained by previous investigators for
the design or remodelling of settling equipment is given in the
order of their publication,

Forbes'!, in 1312, lncluded in nis paper a discussion
of the conditions affecting settling of slimes, and sussested a
formula for the capacity of slime-settlii, tanks based on tne
standardization of these conditions, The latter included
(1) Size and shape of the particles, (2) Percentage of colloids
present, (3) Dilution of the pulp, (4) Heisnt of tne column of
pulp in which settling takes place, irrespective of thne hori-
zontal cross section, (5) Average specific gravity of the sline
particles, aad (6) Presence and amount of electrolytes in the
water, The methods suizsested by Forbes were not immediately
practicable, Later in the same year .liscinler2 publisned the

! D.L.H, Forbes: Settling of 111l Slimes HEac .iin Press 93,411
2 R,T, :ldschler: Capacities of Slime Tanks ing iiin Press 58,102
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results of his experiments on El Tigre slime, He enunciated
two important principles of settlement
1. That the settling rate: oi free-settling pulp is
independent of pulp depth,
2. That the settling rate of thickening pulp is dependent
upon pulp depth,
and presented a formula by means of which the area required to
settle one ton of dry solids per day of twenty four hours could
be calculated foem settling rates obtained in graduates, The

development of this formula A_-1,33( F - D) , where F is the
R

L:S Ratio of the Feed, D is the L:S Ratlo of the Discharge, and
R is the 8ettling Rate, is given in detail in his paper, .lischler
points out that the rateé of quiet settling in the laboratory
graduates and those in the continuous thickeners differ in the
cagse of Tigre slime, the latter being generally less than the
former, He believes however,that the rate of settling obtained
in the laboratory can be used with a fabﬁ'deareé of accuracy to
represent the rate of continuous gettling in tall tanks,

In 1916 H,S, Coe and G.,H, Clevenger!presented a paper
wnich covers botlr free settling and thickening and is the most

complete exposition of settling problems thus far published,

although .many of the important points are obscurely presented,

1 Coe and Clevenger: Capacities of Slime Tanks Prans AliE 55,356
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Their concluslions may be summarized as follows:

1, Clarification is a function of area, ta.t is, the depth
of tank is of no consequence 1n thickening pulps which are to be
discharged at a consistency which is still free settling, except
that sufficient depth must be allowed to care for fluctuations in
the feed and changes in tiie character of the pulp feed,

2, In thidkening pulpsg to a consistency where the liquid
must be expelled by compression, the tank must be given sufficient
depth to retain the pulp for the length of time required to |
thicken it to this consistency. In other words, "thickening is
a function of time",

3. The consistency of discnarge possible is determined by
allovias a cylinder of thick, but free settling, pulp to settle,
taking readinss every few hours up to the point of practical
cegsation of settling,

4,The required area nay be determined by applying the for-
mula A _1,33( ? - D ) , where A is the required area in square

R
feet per ton of solids per twenty four hours, F is the L:S

7Y,

ratio ‘which settles at a rate of R feet per hour, and D is the

L:S ratio ol the thickest pulp which can be economically obtained.

5. The required depth may be found by computing the capacity
Horcnrrn oy
of the thickening zone to contain a supply of solids equal to
’ £

the total capacity of the tank for tne number of hours to tihaicken



the pulp to tihe density required in the disciarge, and to this
depth adding an allowance for the pitci of tae drag in tne
thickener andfor depth of feed,and a further allowance for stor-
age capacity when tane discharge may be closed,

It is apparent from a study of the above fornula that
a8 loag s the character of thie feed pulp remalns tihe same the
Lrea %f the tank required to settle one ton of dry solids per
day will remain the same, irregpective of tne dilution of the
feed pulp., This is an important point, and althousn evident .
from a close study of the Coe and Clevenger paper is not defin-
itely stated by tnen,

Two otner important conceptions are presented by Coe
and Cleveni-er, tnat of a zone of least capacity in tne deptns of
continuous settling tank, and tnat of the bullding up of tinis
zone to form a predowliiant zone in the free-settling portion of
tie tank, In order to discuss these points emphasized by Coe
and Clevenger a clear understanding ol the development of their
formula for capacity, and hence area, 1s necessary, Gegg has
expressed thise more clearly than the original writers as f1liows:

Consider a Dorr tiickener operating at capacity, the
slime level remaining at a constant heizunt, and the density of
discharge being constant, Siace there is a clear overflow at
the top of the tank and a thick discharge at the bottom, it is

reasonable to assume that there are zones within the free-~gett-



settling portion of the thnickener, ranging from the hi n dilu-
tions at the slime level to the critical dilution, below winich
the flocs are in compression. In otier words, there is a
decreasing degree of dilution from the top of the slime to the
critical point, Tuae pulp in settling from its original feed
diiution passes tarough these intermediate dilutions,

Consider any one of tiiese hypothetical zones in the
free-settling portion of the tank, and let its dilution be L:1,
Since the flocs contain included water they possess a L:3S ratio
which depends on ceftain factors sucn as concentration of elec--
trolyte and temperature. Assume this ratio to be D:t.

Tnen, in each pound of solids discharged from tne zone
considered, tnere will also be discharged D pounds of liquids,
and (L-D) pounds of liquids cl.rified.

Let C represent the capacity of the zone, in terms of
pounds of solids discharged by ! sq. ft. of zone in 1 hour., Then
¢{ L-D) represents pounds of 1liquigd clarified per hour by 1 sq,.
ft. of zone.

Furtiner, let R be the settling rate characteristic of
the dilution of the zone, Tnen R represents the deptih in feet
of clear solution formed per hour, or, in other words, R equals
the cubic feet of clear solution formed per sq. ft. per hour.
Therefore 62,35 R equals the pounds of clear solution formed per

hour.
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From above, G (L - D) also equals the pounds of clear solution
formed per hour,
c (L -D):- 62,35 R

o
i.e. C = 6%.35 R
(L - D)

A -Area required to settle 1 ton of dry solids per
24 hours

'o L"‘D
R

Hamilton1 outlines the method for testing for the size
of thickener units, based on the formula presented by Coe and
Clevenger, Pulps are made up of different dilutions between the
dilution of the feed and the dilution of the discharge. The
samples are thoroughly agitated by shaking and are then allowed °
to settle in 1000 cc glass graduates, The rate of settlement
of each sample<f;r 10 minutes is noted and these observations
checked by éhaking aﬁd settling again, The various values of
L. and the corresponding settling rates R are substituted in the
Coe and Clevenger formula, taking D as the ratio of solution to
solids in the discharge§ required ., The largest calculated area
will be the required area., It is apparent that values of A have

been found_for a series of hypothetical zones in the free-sett-

ling portion of the tank,

1 E.K. Hamilton: Hanual of Cyanidation pp 81-2,



Biscussion of the Coe znd Clevenger theory.

From a consideration of the developument of the Coe
and Clevenger formula it Will be seen that the formula 1s exp-
ressed in terms of slime. Coe and Clevenger do not explain
wiy the percentage of standard sline could be nexlected in their
formula., In nis discussion of the formula Gezy states that
"since slime represents some percentage of tie topal sollids
present, this factor, when applied to both L and D in bringing
them to terms of slime, will be found in C in the original
formula., If C is reconverted to terms of total solids( sand
plus slime), it will be found that the result will be the same
as that found if the factor had been nezlected, In otiier words,
tne factor cancels, and for a _.iven feed of given sand coatent,
in a given tank, we have a definite capacity for total solids,
whicn bears a relation to the capacity for slime in the ratio
of sand-plus-glime to slime, Tne amount of sliue in the pulp
can be disregarded, and provided the ratio is constant, the exact
value, which is difficult to ascertain, need not be found!

It will be remembered that in the derivation of the
formula, the dilution 'd' of the floc represents the dilution of
discharge, Gegg believes that tihis is a correct assumption,
since the returning water from the thickening zone enters the
free~settling zone,and ac.a result the discharge from the zone
is tae algebraic sum of the floc dilution and tae returning water.

This sum equals the actual dilution of discharge,



The effect of this risin; current on the dilution, and nence on
tae rate of settlement in the free-settlias portion of the tank
is discussed in a later section of this tnesis,

In the earlier part of this discussion two other iwmpor-
tant features of the Coe and Clevenger taheory, namely the con-
ception of a zone of least capacity and of a predominant zone
were introduced, These features will now be discussed.

From a study of the formula C _ 62,35 R , it will be
(L - D)

seen that the capacity of each of these hypéthetical zones will
differ, on account of the two variables L and R, and their places
in the formula, One of these zoneg will have less papacity and
80 require a larger settling area than any of the others, 3Since
each floc must pass throughttnis zone in its settlement throusi
the free-settlings portion of the tank tnen the amount of solids
fed to a given tank cannot exceed the capacity of the glowest
zone, In other words, the ability of tne free-settling pobtion
of the tank to handle free settling material is limited by the
ability of tnis zone of least capacity to discharge solids,
Further, since this zone of least capaclity will be
receiving more solids than 1t is able to dischakge, it will
gradually build up until it extends from the top of the compres-
slon zone to the top of the slime in the free-settling portion.
Thus there is a predominant zone extending throughout the free-

settling portion of the tank, its dilution belii tnat of the
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calculated zone of least capacity.

The experinental verification of the existence ol the
predominant zone 1s per:aps the most interesting result of the
investigatlions conducted this year,

Since every particle of slime must pass throu_in tils
zoiae of least capacity, it will be the same for all dilutions
of feed, In other words, irrespective of tiae dilution of the
feed, tne capaclty of a thickener to handle solids is constant,
porovided, the ratio of slime to total solids in the feed 1is
gonstant, and tne discharge density remains thne same, The
results of this year's investigation, although not absolutely
conclusive on tnis point, go far towards proviiie that this

sonewhat startling theoretical conclusion is true,
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CHRONOLOGICAL SULIARY OF INVESTIGATIONS,

As stated in the Introductory section of this thesls
it was decided to specislly prepare a pulp as nezrly sand-free
as poseible as the first step in carrying out the plan adopted
for this year's work. Fortunately the requirenents of Iir, A.E,
Cave's work 6n the Oliver Filter laboratory investigation and
those of my own were identical in this respect, and tne prepar-
ation of the desired slime was begun at once,as a joint eaterprise.

Tinguaite - a holocrystalline coarse-grained eruptive,
occuring as an intrusive sheet in the limestone east of iount
Royal - was selected as the most suitable local rock, This sane

Mapss ?i’j_ oy &e{b
rock, wWhich is very uaniform, was selectedﬁby Dr, Porter for his

rock crushing ezperiments, and nas since been employed for nearly

. . 1
all of tie ilcGill work of this character, Its composition follows,

Silica @ @ ~--cemmmmmeemeeo 46,30 percent., Sp. Gr, 2,58,
Alunica and Iron Oxide =---=-- 28.26 "
Ca0  —--mmmm e 3.25 "
g0  memmmmmmmmmmmeeeee C.63 "
Loss on Ignition =--------= 5.64 "

Alkalies (by difference) ---16,30 "

Tiie rock was crushed to 2 ih. in the Gates crusher, this
product tnen beiny fed througii the stamp @mill, using an 80 mesh
sieve.‘ When crushing was first started, the stamps were }ed with
100 1bs, of water per min,, giving 37,0 perceant -200 mesh product.

1 W.G., iitchell "Mechanics of Rock Crushing' I1 Sc., Thesis 1914,
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Later the gquantity of feed water was decreased to 175 lbs, per
min., giving a 41.8percent -200 mesh product.

The stamp mill product was classified in a deslimer
cone, the uaderflow going to waste, while thne overflow was
stored in the floor storage tank.

A wet screen test of tane classifier overflow siowed
that tae pulp still contained a small amount of rine sand of
approximately -200 mesh, and it was decided to re-classifly it in
the Dorr Thickener, The tuickener was filled to tune overflow
level witn fresn water, and a d:siinite quantity of pulp added
from the storage tank, Settlement then took place, 1lts progress
being observed by samples baken from the small cocks placed five
inches apart 1. the side of the thickener, Vnen these samples
showed that most of the grahular material had reacned the bottom
of tune tank, tae pulp still in suspension was drawn off through
one of a series of one inch cocks in the side of tne thickeber,
Tnis dilute pulp was pumnped to a large storage cone and allowed
to settle, Clarified water was sipnoned off at.intervals from
above the settled material, tanus increasiing the capacity of the
storage tank,

L The thickener was charged again and again until all of
the pulé&in;hhe floor tank Kad been classified, A considerable
amount of fine granular material had settled on the bottom of the
thickener, as no solids had been drawn off from the discharge

outlet during the operations just described, By forcing air at
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forty 1lbs., pressure through the discinarge outlet into the thick-
ener tne?éettled solids were giveh a thorougnh asitation, and then
allowed to settle again. By this means an additional amount of
slime was recovered, and the final underflow ol the thickener was
dried and stored £o be msed in Cave's work,

Small scale settliny tests were made on tine pulp to
determine the effect of temperature, dilution and etc, on its
rate of settling, Various methods of carrying out these small
tests were tried osut, and a box to contain the graduate used in
the gsettling tests was constructed to give tne best possible
means of reading the position of tue pulp level,

Two thickener tests were run in January, the apparatus
still being identically tae same as that used}by Gess in his tests.

WA e
The difficlilty encountered last year by Gegg‘pffgzzhrately:regu-

lating the quantity of discharge again manifested itself, and the
"gooseneck" arrangement, making use of the hydrostatic head of
the pulp in tae thickener, was designed., The results and discus-
gion of tinese tests and a description of the discharge control
are gilven in detail later,

Another test, using a higner dilution of feed than in
the January tests, was run in February, and agaim the results

i (L W?’ W{ [ ‘-/{
were somevnat unsatisfactory in their bearin: on thae-ultvimate
objecy of the investigations - that of proving or disproving the

Coe and Clevenger fheory and formula- although some intersting

data regardi:nz the operation of the thickener was obtained,
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It was noted, first, that tihe method of feedlng the
thickener was unsatisfactory as slight variations occurred in
the quantity of pulp fed in a given time, and second, that the

specific gravities of discharge plus overflow of the Dorr could

= T

P

e o e e

not be obtaine@zby weighing a sample in a 1000 qc. 5raduatq‘§§”

aggggg&glyw@gd_rapid}zwgﬁwgg§;red.‘ Whenever fhe quantity of
discharge was changed, since the overf{low remained constant in
amount, the density of tihie discharge plus overflow necessarily
cnanged, and a slight variation in the specific gravity ol tuae
mixture could not be detected by the metinod employed, In order
to elininate this diffiéulty, Prof, Bell designed a spec, grav,
indicabor ..alch recorded accurately and continuously tiae sp. ar.
of tne discharge plus overflow,

The next few weeks vwere speat in the installation of
tiie several pieces of accessory apparatus mentioned above, and
in their calibration. The calibration oi the feed apparatus
involved a large amount of work as tue efrects of viscosity and
temperature on tneyelocity of flow tlirough the feed vipes from
the pachuca had to be considered, The.apparatus was calibrated
for ei.nt different dilutions of pulp, as it was our expectatioan
to run eigat tests, using these dilutions or feed, as a final
series.

Some difficulty was experienced in keeding the pump,
handlinz tihe discharge plus overflow\of tne Dorr froa the collect-

ing cone to the top of the pachuca, running at a constant load,



as it occasionally lost its suction from tiie collecting cone beloWw.
Another cone, feedin; by gravity to a second pump, was installed
to eliminate this difiiculiy.

The final series of tests was commenced on warcii 10th
and complested on iarch 28th., The first three tests, deslgaﬁated
Tests 1, 2, 3, were run continuously, the change from one feed
dilution to anotner being effected by remoming a calculated amount
of pulp from the pachuca, snd adding water to bring up the level
tp the overflow, The solution, which at the conclusion of Test
3 was slightly cloudy, was wasted, and a fresh supply added to
the system, Tests 4, 5, and 6 were then run, the feed dilution
being changed by cutting down the quantit;y of tnickener discaarsze
untlil the density of pachuca pulp reached the desired value,

Small-scale settliii;, tests on the bottle samples of feed
and discharge froa each of the tests were made, and capacities
and probable areas calculated by applying the Coe and Clevenzer
formula,

The complete results , including the results of the
small-gcale tests as well as data of the thivkener tesits, are

given in laber sections,
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GE./oRAL SU.JARY OF IJVESTIGATION

The more inpertant developments in connection with tihe
1924-25 Dorr Thickener Investigation mway be outlined as follows:-

(1) Improvemeants in the Equipmeat.

In tie laboratory investigation of settling with a Dorr
Tanickener, the pulp (solids plus water) has to be kept in contin-
uous circulation, A supply of pulp is maintained in agitation
in a Pachuca agitator feed tank, and the feed to the tihickener
i1s drawn from it, The clarified overflow and tihickened underrlow
must be re-combined in the exact proportions reguired bo make a
pulp of precisely the same spefilfic zgravity as tite supply in the
feed tank before it can be returned to it., I the specific
gravity of the mixed overflow and discharge differs from that of
the feed, the result is a change in the specific gravity of the
feed and tne whole system is thrown out of equilibrium, All of
the difficulties in tinis connection have been solved by Prof,
Bell during the present session, and with care it is now possible
to operate the thickener for any lengti of time without any change
in the specifiv gravity of tne feed greater than 0,001,

(2) Predominant Zone,

As tne result~of the improvements noted above, it is
now possible to hold the operating conditions in sucn exact equi-
librium for the period of time necessary to enable the formation
of , and consequently prove the existence of, a zone of least

capacity or predominant zone, Tests 2-~3-4-5 and 6 ofier convineing
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experimental proof of the soundness of Coe and Clevenger's Zonal
theory. In two of these tests, the existence of a zZone of pulp
of uniforn speéific gravity and occupying about half of the total
volume of the tank has been demonstrated,

It is of intePst to note that the specific gravity of
this zone is 1,093 in Tests 2 and 5, 1,096 in Tests 3 and 4, and
1.102 in Test 6, Additional data will probably permit an expla-

nation of these differences,

(3) Effect of Feed Dilution,

The conclusion thaut the capacity of a thnickener is

independent of the dilution of the feed into it, now seems to be

well established by the experimental results obtained during the
present session, In Tests 4, 5, and 6 the feed dilutions were
9.1 to 1, 11,5 tp 1, and 16.7 tp 1. while the pounds of dry solids
settled per minute were 2.81, 2.81, and 2.87 respectively,

R.T. Mischler claims that the capaclity of a thickener
settling Tigre lline oke slime is governed by the settling rate of
the feed, It seems probable that his conclusion is erroneous,

This matter will be discussed in more déetail later,

(4) Change in Settling Rate produced by Air Agitation.

The work under review has disclosed in a very striking l
manner tue cuanges willca can be produced in tne settling rates of
pulps of exactly the same dilution witﬁgut any alteratlion in the

-9
strengtis 01 tie electrolyte or the temperature,

During Test 3, 1t was discovered that the setiling




- rateiof the feed to the thickener was about 10 percent slower

L

than the settling rate of the combined discharge and overflow'

although the gravity, temperature, and electrolyte strength were

practically identical, Tests iadicated that thg amount of fine

sand in the two pulps was practically the same and consequently
@ WIS AD

therdifference in the percentage of colloidal material in the

sanples,

Some-tlme later, the writer discovered that, altnou;h
in Test 3 the settling rate of a sample taken‘from the predomin-
ant zone was 0,46 feet per hour, the settling rate of a sample
of discharge maperial of exactly the same specific gravity tested
several weeks after the first sample was rated was 1,01 feet per
hour, or over twice as fast, ‘Upon learniang this, Prof; Bell
suggested that a study of the effect of%égitation on the settling
rate of a pulp sample be made.

The first test demonstrated that the settlang rate of
a samplg of pulp after being maintained in violent azitation with
compressed alr for a period of onk nour was only 50 percent of

the rate it had before it was subjected to this agitation, This

change in settling rate 1s caused by the change in the degres of
flocculation, Further tests showed that, upon standing, the
settlimg rate increased slowly until finally it agaln reacned its
initial faster settling rate, Tabulate ‘data ) tals very impor- h

Vcbaa b dodes TGRS W L u U AL o ke W - a e s - g




Tne work naburally opens up-a large field for furtiner
investigation, and incidentally explains why the settling rate
of the dischargze from tne Dorr Thickener ig faster than the
settling rate of the feed to it, In the #leed tank, the settling
rate o the pulp is reduced by its violent agitation, Upon
passing into the thickener, it gemains for a period of from 5
to 6 hours in a state of almost quiet suspension, and ia that
time its settling rate regenerates until when discaarzed, tne
settling rate of the pulp 1ls approximately 10 percent faster
than i1t was wnen the pulp entered the tuickener,

(5) Area based @n the Theory that A _ 1.33 ( F - D)
R

In the course of the investigation two methods were
employed in applying the formula to calculate tne pbobable area .
required to settle T ton of solids per 24 nours,

(1) In four of the thickener tests, a sample ol the
predouinant zone was taken, its settling rate determined inued-
iately, and the probable area calculated, This will be designated
the 'Zone 6 Probable Area', as in Tables 24«6

(2) Upon the conclusion of a thickener test, samples
~of the feed and the discharge were taken, stored in 3000 cc bottle
Wwith ground glass stoppers, and set aside until tine éo;ld be
found for making a series of settling tests at various dilutions.
‘ihen this data was available, calculations to determine tine pro-

bable area were made, Area arrived at in this way will be called
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'Settling Test Probable Area'!- as in Tables Sewg. Taking into
consideration the fact that the samples in (2) remained in a
quiescent state for from one to btihree wecks in conjunction with
e

tne developments outlined in Section 4 of this sunnmary, we&know
that these samples had a much slower settling rate at the time
tney were takean than at tie time they were tested to determine
area, At tne latter time tne regenerat.oa of tine settliang rate
was no doubt larsely or wnolly completed,

It is therefore intersti. s to note that tie average
Zone 6 Probable Area is about 7.3 sq. ft. per ton, and the
average 8ettling Test Probable Area is practically the same,
However, :lthougi the two metnods for determining probable
area Zive practically the same result, it was found tnat they
are in radical disagreement in the nmatter of the specific gra-
vity of the predominant zone, In tine Zone 6 Probable Area data,
the average specific ravity of the true Predominant Zone is
found to be 1,026, Ian the Settling Test Probable Area data,
tne Predoninaﬂt Zone 1is indicated to be a zone of specific
gravity 1.048.

%urning to a consideration oif settling rates, ilua the
Zone 6 Probable Area data iéis found that the average settling
rate of pulp &f sp. gr, 1.096 is about 0,50 ft., per hr, Ia the

Settling Test Probable Area data it 1s found that the average

gsettline rate of samples of discharge pulp of Sp. Gr. 1,096 is
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about t ft. per hr.. The ratiog of the two settiling rates is t
therefore about 2 : 1, Curiously enough the liquid=-solid ratio
of pulp of gravity 1,048 is about 12, and the liquid-solid ratilo
of pulp of gravity 1.096 is about 6, The ratio of the two ratios
ig therefore 2 : 1,s7obk &

All of these peculiar differences aréattributable to
the regeneration of settling rate due to the quiescent condition
of the samples, Possibly we may have in the above outline of
facts merely numerical coincidence, On the other nand, it seens
remarkable that two samples of pulp,whose settling rates are
radically different, indicate approximately Ulie same area requlired
to settle one ton of pulp in twenty-four hours, and especially
in view of the great change in the liquid=solid ratios of the
true and indicated predominant zones,

(6) Comparison of Probable Area with Actual Area.

Comparison of the average actual area required per ton
with the average computed area reveals the interesting fact that
about thlrty-three percent more area is redulred than is called
for by the application of Coe and Clevenger's formula to results
of settling tests on both Zone 6 and Discharge and Feed samples.
Much more data will be requiredto establish a final conclusion
in this regard,

It does however seem possible that Coe and Clevenger

may be in error in applylng tuelr Ioraula regardless oif whetiuer




the discharge is

(a) Free settling, or

(b) Below critical dilution,

As long as the discharge pulp is free settling, one
would suppose that no water or very little would be gqueezed outl
of the slime flocs by compression, If, however, compression of
the flocs takes place, and even a very minute ascending current
of water 1s thus created, it seems possible that the settling
rate of the predominant zone might be appreciably retarded, in

ling Rate- would be diminished and as a

cr

el

tn

which case R - the
result the Area ingreased,
The planned extension of the investigation will undoub-

tedly throw further light on this and other points of much intered.
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Discussion of Mischler's determination of Area for Tigre Slime.

In his paper on settling problems at El Tigre, liexico,
Mischler states that area at El Tigre 1s invariably governed by
the settling rate of the feed horizon. According to liischler,
tests at the dilution of the feed, termed by him "Settling Rate
of Feed Tests", should represent the imperfectly flocculated
condition occurring near the feedwell as well as the more comp=
lete flocculation at the tank periphery, thus obtaining the
gsettling rate over the eatire pulp surface, He believes that
this result is attained when the first .05 ft, settled in the
small-scale tests furnishes the basis for the calculation of the
settling rates correponding to the #eed dilutions,

Although Iliischler claims that area at El Tigre is in-
variably governed by the settling rate of the feed dilution, he
generalizes his formula, A - {.34 (F - D) , where F is the L : §

R
Ratio of the Feed, D is the L : S Ratio of the Discharge, and

R the Settling Rate of Feed, by admitting the possibility of a
governing dilutlon introduced by Coe and Clevenger , thus rend-
ering it applicable should area be governed by a zone in the
depths of the tank,.

The formula,as presented in his latest paper, is

A = .34 éF - D) , where A = Avea in sq, ft. required per ton

|
of dry solids per 24 hours; F = L : S5 Ratio of Governiag Dilutioni

i
|
{
1. R.T, Mischler BSlime Settling Tanks, Trans, A,I.M,.E, 58, 111
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and R = Settling Rate of Governing Dilution., The formula as
presented in Mischler's last pa@per is thus identically the same

as that of Coe and Clevenger,
f :
W "L R

Miéchler states that, 1n case doubt exists that area
might be governed by the permeability of some horizon below that
of the feed, a series of settling tests at lower Iree - setiling
dilutions are run., In this series, observatlons are not started
until after-flocs are fully developed and maximum settling rates
are attaimed, He believes this condition to be fulfillled when
the second 0,05 ft, settled in the tests furnishes the basis for
calculating the settling rates corresponding to the lower dilu-
tions in the depths of the settling tank,

In order to prove his statement thab area at Tigre is
governed by the settling rate of the feed dilution, Mischler
calculates the area required to settle Tigre pulp in two ways1.
First by substituting in the formula A . 1.333 B F « D_),(where

R-
F is the L:S Ratio of ithe Feed, and R is the Settling Rate of

the Feed ( first 0,05 ft« settled in the tests», the values ob-
tained for the Settling Rate of the proposed feed(14,1:1), and

the proposed Discharge (2,3:1)), the area obtained being 20st, ft.
-~paged on the Seltling Rate of the Feed, The secdnd are; is ob*
tained by applying the Coe and Clevenger formula (lMischler's amen-

ded formula) A = 1.333 (F - D) , where F is the L:S Ratio of the
R

governing dilution, and R is the “ettling Rate of the governing

. R,T, Mischler 8lime Settling Tanks Trans. A4¢IéM,E 58 o b %




41=

-

dilution, to the various free settling dilutions between that of
the proposed feed (14.1:1) and the proposed discharge (2.3:1).,
the largest calculated area, and thus the required area being 16
sq., ft,.
In the following table, the writer has included the

data given on page 121 of lMischler's paper, and also the calcu-

: = 3 2 1o 4y . botir . ' S
lated areas obtailned from the application oI Mischler's original

formula and Coe and Clevenger's formula to the settiling test

results presented in the table on that page.

Settling Rate of Feed Tests Pisch. 8 Ratio 2.3 ¢ 1,
L:8S Ratio 8et, Rate Area
14.5 0.86 18,9
14,1 0,78 20,6
15.1 0,66 22,0
10,7 0,46 24,3
2.6 0,39 30,2
T.8 0,32 22,9
6'3 C-27 ‘9;7
5'7 0¢25 18'1
el (Erlts Dil.) .24 8.9
Free Settling Rates.
14.5 1.20 13.55
SR | 1.12 14,05
12.1 c,g2 15,64
10.7 ;75 14,85
9,6 = P 14,50
T 4O Q.57 12,86
643 Q.50 10,64
Mischler Area Selected = 20 sq, ft,
Max., Coe and Clevenger = 15,64 1




Mischler concluded that, since the area obtained from
the Bettling Rate of Feed -20 sq, ft,- was greater than that
based on the 8ettling Rates ;f the various free settling dilu-
ions, the former was the correct area& However, a study of the
table on the preceding page shows thaty inadvertently or other-
wise, lMischler chose a proposed feed dilution which gave a re-
quired area very little greater than that given by the Coe and

Clevenger method., If, for example, he had chosed the dilution

of the proposed feced say 9.6:1, then the area required, based

on the Settiling Rate of Feed, would have been 3242 sq, ft,, Wwhici
scems to be an absurd figure; while the area determined by the |
Coe and Glevengg%n%guld, of course, be the same as that required
for a feed dilution of 14,1:1, or any other feed dilution for |
that matter, In other words, the area required to settle 1 ton
of solids from a feed dilution of 9.6:1 to a discharge dilution
of2,3:1, calculatéd by the Mischler method, based on Settling
rates of Feed, is twice the area reguired determined by the Coe
and Clevenger method, based on the Settling Rates of the various
free settling dilutions,

Again considering the Settling Rates of Peed Tests in
the preceding table, it will be scen that, while a feed dilution
of 13,1:1 and 10,7:1 require areas which differ very little from
gach oﬁher, a f;ed dilution of 9,6:1 would require 32,2 sq, ft.

It therefore seems probable that the area calculated

by elther method would check closely with actual plant requirer-

ments at El Tigre, It seems to be more in the nature of a coin-
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cidence than anything else that this should be true, and that
Migchler conclugion.that greaiis invdariably based on the Settling
Rates of Fea&d at El Tigre is probably erroneous,

Another interesting point arising from a study of
Mischler's results is that the area given by the Coe and Cleve
enger method is approximately TS5 percent of the actual plant area
required at El Tigre, This figure checks closely with that ob=
tained in the McGill tests, the"8ettling Tests Probable Areas"
in the latter tests belng generally 75 percent of the Actual

Areas obtained in the laboratory Dorr Thickener Tests,



PART 2

Laboratory Apparatus,
Procedure,

Sample Test,

Discussion of Individual Tests,

Conclusion,
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LABORATORY APPARATUS,

The first tests this year were carried out in the
apparatus used by Gegg in his investigations, the thickener
being installed in February 1924, That apparatus has since
been declared by the chief engineer of the Dorr Company to be
the finest installation of its kind in any ore dressing laborat-
ory., GClose observation of the early tests by Professor Bell led
to a number of modifications which will be described in a later
paragraph of this sectlion, and there is no doubt that the appare
atus used 1in the later tests this year is very much more satis-
factory even than that used last year,

The apparatus used in Gegg's work and in this year's
first tests may be described as follows:

The laboratory thickener is 5 ft, in diameter and 6t
2 in., high, The sloping concrete bottom is 2ft 6in above the [
floor of tihe laboratory, in order to permit of easy access to
the discharge outlet. A scale drawing, supplemented by photo~:
grapns areappended,

The thicken@&lﬁgé gathered By .aislaw-moving mechanisn
into an 18in, 60deg. cast iron cone, placed in the centre of the
tank bottom, The spigot, whose discharge is regulated by a cock
at the apex of the cone is tin, in diameter, A 3/8 in, pipe
carrieé the discharge to the exgerior of tne thickener shell,
This pipe is bushed to a tin, nipple, and the discharge is turned

downwards by means of an elbow, Caps,with orifices of various
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sizes, can be screwed on the end of the 1ia, nipple so that the
quantity of discharze can be regulated more accurately than by
means of the spigot cock, A galvanized iron launder carries the
discharge to a collecting cone placed in the floor tank adjacent
to the thickener,

Thne annular overflow launder is 4ft, 11in., in diameter,
and is suspended internally by three bolts fastened to brackets
connected tothe tank itself with adjustable nuts which permit the
launder to be accurately levelled, The overflow passes down #
inside the thickener by a lin, pipe which can be connected to
any one of a series of 1in, nipples with cocks, placed at inter-
vals of 1 ft, throughout the depth of the tank, The launder can
thus be placed at any desired levl .

Twelve 1/8 in, sampling cocks are placed on the outside
of the tank with 5 in, extensions into the thickener to get clear
of the shell, The first cock is 8 in, from the top of the tank,
and the others are 5 in, apart and stag:iered 2 in, from the ver-
tical, Representative samples oi the pulp at various horizons in
the tank are thus o6btaihable,

The feed is delivered centrally into an 1¢ in, dian,

15 in, deep feedwell, througihh tne centre of which passes the ver-
tical spaft leading to the spiral mechanism at the bottom, The
pottom of the feedwell is formed of = 1'1/@ in, board, wita a

2 1/2 in, hole in the centre throusi whicn the central shaft of

the thickener passes, a loose fit, A large number of 1/2 in,
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holeé in this board allow the feed pulp to enter the thickener
with a greatly reduced velocity from that in the feed pipe from
the pacuca,

The pachuca agitator is 14 ft., hign, and is made up of”
three sections, a 6 in, Virougnt Iron pipe 8 ft, high, an inverted
truncated cone 3 ft, high, which is 6 in, in diameter at the
apex and 3 ft, in diameter at the top. The central pipe is 4 in.
in diameter, and 1s fitted with an adjustable 20 gauge galvan-
ized iron slip pipe and deflector which acts asra baffle to the
rising pulp in the central pipe, Compressed air is admitted at
the bottom of tnis central pipe to provide the agitation, An
overflow pipe, discharging in the collecting cone below, is placed
1 1/2 ft. below the top of the pachuca, and when filled to tuis
level the agitator holdd 1230 lbs, of water.

The 1 in, feed pipe,with a 1 in, cock to control the
quantity of feed to the thnickener, taps the central pipe of the
pachuca,

The slime pulp when not in use is stored in the floor
tank near the thickener, By means of a cross at the pump above
this;cone additional slime can be added to the thickener-pachuca

circult if required.



Equipment Added This Year.

To eliminate the danger of extraneous material gettiing
into the pulp, it was decided to use a storage tank above the T
floor level instead of tihe floor tank previously used, This dewJ
tank is an inverted sheet metal cone, 5 ft, 6 in., in diameter,
nolding 3000 1bs, of water, and connected at the apex to the
centrifugéirpump at the collecting cone below the thickener, It
is provided with a aecanter 80 that clarified liquid could be
drawn ofr above the settled material if a thick pulp were required.

An additional collecting cone from which the pulp is
pumped to the top ol the pacinuca is placed above the pump level,
thus ensuring a constant gravity feed to the pump, The discharge
and the clear overflow of the thickener, the pachuca overflow,
and the overflow fro.: the Specific Gravity Indicabor, are coll-
ected in this cone and pumped to the top of the pachuca by a 2 in.
motor-driven centrifuzal pump,

In all of last year's tests and in the earlier tests
run this year, the accurate regulation of the quantity of solids
discharged frou tihe thickener presented a difficult problen,
Caps, with various orifices, were screwed over the thickener
discharge pipe in the earlier tests, but this method did not slve
stisfactory results, Professor Bell suggested that accurate con-
trol of the discharge could be obtained by utilizing the differ-
ence of hydrostatic head of pulp ia the thickener, and the head

in a vertical pipe wilcn mi ht be connected to the thickener
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discharge, The apparatus designed to make use ol this difrerence
of head consists of a 2 in, tee, connected at the bottom by means
of a 3/8 in, flexible rubber hose to the thickener discharge pipe
and, and discharging at the side throuzh a 3/4 in. rubber hose
into the collecting cone, By raising or lowering this "goose-
neck" the flow from tiec thickener can thus be controlled with
great accuracy. The gooseneck is attached to a wire rope passing
over a BHaZll pulley directly above and wound around a hand con-
trolled drun, placed where it is easily accessible during the
test.

The cock,ia tae feed pipe from tne pachuca to the feed-
well of the thickener,which regulated the quantity of feed to the
ﬁhickener in the early tests was a plug cock of good quality, but
of ordinary design, and accurate control of the fe:zd was imposs-
ible., Since very accurate control of feed is necdessary, it was
decided to use a feed control operating on the same pE¥inciple as
the apparatus described above for rezulating the Dorr discharze,
The new feed control consists of a 2 in, tee, connected at one
side by a 344 in, flexible rubber hose to a ! in, brass pipe tap-
ping the pachuca approximately 1 ft, below the overflow level,
and discharging through a 1 1/2 in, pipe iato a small tank wnich
empties into the feed well of tne thickener, Tne relative posi-
tion of this tee or "gooseneck" and tihe pulp level in the pachimea,
which is kept at a constant heignt by means of the ovwerflow pipe,

can be changed by raisin. or lowerias the goosenecx tihus permitting
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less or more solids to be fed to,the thickener, The position of
this gooseneck is read on a scale, marked in hundredths of a foot,
placed, for convenience, near the glasg window of the Dorr., The
calibration for tne device is given in the appendix,

The feedwell used in the first series of tests 1s dessr
cribed above, The feedwell installed for the final series was
designed to preveni suriing of the slime in the thickener by dec-
reasing thne velocity of the feed pulp to a minimum, The pulp ¥
from the small feed tank velow the gooseneck entered the inner
one of two cylinders, whiclj were 5 in, and 6 in, diameter and 7
in, and 5 in, aizn, the outer cylinder being closed at the bottom,
Tne pulp flowed under the inner cylinder, which was raised 1 in.
above the bottom of the outer, and rose in tne outer, flowing
over tne top at a greatly reduced velocity from that i:i the feed
pipe from the pachuca, These two cylinders rest on the spokea of
a sheet nmetal pulley 20 in, in diameter whose cast iroa core 1is
bolted to the vertical*shaft of the thickener,

The speciiic gravity indicabor for the discharge plus
overflow of the thickener consists essentially of a 1/8 in. brass
pipe 12 ft, in hei:nt in which the slime is maintained at a con-
stant height by means of an overflow leading to the collecting
cone, and a second 1/8 in, brass pipe of greater heiznt and con;-
nected to the other oipe by a U tube, A continuous sample of the
thickener discharge plus overflow is fed to the 12 ft, pipe from

the cone feeding the pachuca, this 12 I't, column of pulp balancing



a column of water of varying height in the second brass pipe,

The heignt of this water columa depends of course on the density
of the pulp in the 12 ft, pipe,:t, and this density is read on a
graduated scale placed near the pachuca, This scale is marked in
thousandths so that readings of tne specific gravity to 0,001 are
obtained. A slight zero correction,due to the velocig%tarwaﬁgh

pulp sample enters the bottom of the 12 ft, pipe, must be applied

to tne readings,



PROCEDURE FOR THICKENER TESTS.

This section is divided as follows:-
(1) General explanation of procedure necessary to prove or dis-
‘ prove tne Coe and Clevenger theory.
(2) A brief sunmmary of the procedure followed i: the first tests,

(3) A description of the procedure followed i.. the latter tests,

General Procedure of Investizations,

In order to verify experimentally the thneoretical con-
clusions presented by Coe and Clevenger, it is first necessary to
conduct a series ol tests on the Dorr Thickener with different
dilutions of feed and, if possible, a discharze of constant den-
sity, thus obtainin. the actual capacity of tiie thickener; and,
gsecond, to carry out a correlated series of small scale settling
tests, tnereby obtaihing the theoretical capacity by app&yia$gthe
Coe and Clevenger formula to the series of settlin. rates obtained.

When the thickener is running at capacity we should e
expect to find, in verification of the Coe and Clevenger tineory,
that

1. The maximum theoretical area&(SeLbling Test Probable Area
in the Tablesf/required per ton of solids per day, obtained from
settling tests in glass graduates Ysmall-scale settling testsh
is equai to the actual area per ton of solids per day ohtained in
a thickener,

2, The dilution of slime giving this maximum area in thne



small-scale tests is equal to the dilution of the predominant
zone in the thickener,

3. The area required per ton of solids per day calculated
from the settling rate of the predominant zone in the thickener
tests, using for F in the Coe and Clevenger formula the dilution
of the predominant zone, is equal to the actual area reqguired »

per ton of solids per day by the thickener,
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(2) A Brief Summary of tie Procedure followed ia the first Tests.

As stated in the previous discussion, the thickener nmust

be operating at capacity in order to prove the hypotheses enun-

cinted on the previds page. A tiuickener is operatin. at capacity

when:

1,

The density of the discharge plus overflow is equal to
the density of the feed,

The neight of the slime level is constant, and further
ad justment of the feed is necessary.

The density of the discnarse is constant,

The slime-to~total-solids ratios are equal in both feed
and discharge plus overflow, Gegg believed that this

could be verified by obtaining the settling rates ol

the fecd and the discharge plus overilow simultaneously,

since at seems evident hnat the sample witi: the faster
settlinsg rate contains more sand and less slite than
the one with the slower rate of settling. In the tests
made this year however, a slight difference in the
gsettling rates of feed and discharge plus overflow wes
noticed in all of the thickener ﬁests, even in those
in which the first three cdditions for operating cap-
acity, stated above, remained constant for 18 hours,
It seems probable that this difference is due to the

effect of the pachuca agitation on the degree of floc-

culation of the pulp. This point is discussed in Sect .
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The method of conducting the first three tests on the
Dorr Thickener was indentically the same as that employed by Gegg
last year, except that tne sliume was stored in the large storage
cone at the completion of the tests instead of being allowed to
settle in tine thickener, and that the pulp contained very much
less sandy material,

The thickener was filled tb the overflow level with T
fresh water containiang 0,25 1lbs., per ton of CaO. The pachuca wask
then charged with thickhpulp from the storage cone, and after a
short agitation, this pulp was charged into tie Dorr, an equal
amount of overflow water being wasted, This procedure was repeat-
ed until the full amount of slime was in the thickener, the amount
of each charge being measured by the graduated rod in the pachuca.
The pachuca wag then filled to the overflow level with water con-=
taining 9.25 1lbs per ton of Cal,

The pachucz was then connected to tine thickener, botn
as to feed and discharg%?dghe thickener overflow was wasted. The
gquantity of solids discharged from tine tnickeher was regulated by
using an outlet cap with an orifice of proper size, nen tie
density of the pachuca reached tine required value for the test,
the Dorr discharge was decreased, and the overflow returned to
tne pachuca through the collecting cone, thus establishing a
closed circuit, The feed was opened sufficiently wide to keep

the thickener pulp level at a constant height.



The Specific Gravity of the Feed, Discharge plus Over-
flow from the collecting launder, and the Discharge, were taken
every 15 minutes by wighing a 1000cc, sample in a glass graduate,

When the three conditi;;s of balance:-

1. Density of feed equals density of discharge Dlus overllow,
2, Heizght of slime level is constant,
5. Density of disciaarze is constant,
were fulfilled, the thickener was zonsidered to Dbe operating at
capacity. This balance was then maiantained for one er two hours,
durinsg which the density samples of the twelve thickener cocks
and welght samples over a definite period of time of the feed and
discharge pkus overflow ohtained, These time-weighlt samples of
Tfeed and discharge plus overflow should be of tne same Weight..
Bottle samples of the feed, discharge, and oberilow w

were then taken to be used in the small-scale settlins tests,

(3) Procedure followed ia the Final Series of Tests,

(a) Procedure followed preliminary to actual test,

The Dorr Thickener was filled to the overflow level with
water containing 0,25 1b, per ton Ca0, and the pulp from the stor-
age tank charged into the thickener after agitation and measure-
ment in the pachuca,

When all the slime was charged ilato the thickener, the
pachiica was filled to its overflow level with water containing

.25 1b, per ton Cal,
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The slime in the Dorr was allowed to settle for iwo or
three hours, so that a thick discharge could be obtained, the
rakes being started a short time after the slime was charged to
prevent their becoming embedded in the thickened material,

(b) Procedure durins the Test.,

The feed to the thickener was started by loweriag the
feed gooseneck between the pachuca and the thickener, and the
Dorr discharge was started by lowerin: the discharge gooseneck,
Tnis discharge, emptying into the collecting cone at tie base of
the thickener, was pumped into the pachuca at the top through a
ZOTgieve to remove foreign matter and small lumps of consolidated
slime, The thickener overflow was wasted until the specific gra-
vity o the pachica pulp approximated that decided on for the
feed dilution of the particular test. The feed gooseneck regul-
ating the amount of feed to the thickener was adjusted , and the
thickener overflow returned to the pachuca through tine collecting
cone, thus establishing a closed circuit, Since the density of
the discharge plus overflow was now too high, the quantity of dis-
charge was reduced and regulated to give a discharge plus overflow
density equal to that of the pachuca pulp,

Actual Test,

Jlhen the feed density equalled the density of the dis-
charge'plua overflow,
the slime level remained at a constant height witi-
out alteration of the quantity of feed,

and the discharge density remained constant,
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the thickener was considered to be balanced, This balance was
maintained over a period of time ranging from ten to twenty hours
as compared witn one to two nhours in the previous tests.

The followihg tests were made every half hour during

the complete run, including the time spent in balancing the cirulita

1. Specific Gravity of the Feed.

This'is obtained by taking a sample of the pachuca pulp
from the sample cock adjacent to the thickenerefeed pipe,
and weighing it accurately in a 250cc, flask, The spec.
gravity is obtained by caloulation.from the spec. grav. of
the dry slime previously determined, an accuracy to three
decimal places being obtained,

2, BSpecific Gravity of the Discharge,

A 250cc, sample of the discharge was taken, and the spec.

grav, obtained as above,(1),

3, Specific’'Gravity of the Discharge plus Overflow,

Tnis is obtained by reading the continuous-recording sp.
gr, indicator, Since this apparatus reéords the density
continuously, it is possible to maintain the sp. ge, of the
Disch, plus O0'flow, at aconstant value, As a slight change
in its density will cause a corresponfiing change of the
pachuca plilp density, and hence of the thickener feed den-
8ity, this indicator is of tremendous value an ruaning the
tests, Any change in the Disc@, plus O'flow density can

be detected at once, and the thickener discharge re-adjusted
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4, Specific Gravity of Thickener Cock 6,

A 250cc, sample of pulp is taken from Cock 6 in the
thickener, this cock being placed 33 inches below the over-

flow launder, The 8p, ge. is calculated as in 1, and 2.

Settling tests of the disch, plus o'flow and the feed
were m2de while the thickener was running in balance,

After the thickener had been running in balance for ten
or twelve hours, spec. grav, samples were taken from each of the
twelve cocks in the side of the thickener, Cock 7 was fitted with
a 28 in. pipe extending almost to the centre of the tank. This
pipe, 1/8 in. in diameter, passed through a stuffing box in the
side of the tank so that samples could be obtained at various poink
in the thickener,

1000 cc. samples of the pulp from Cock 6 Yre tested fob
settling rate, This gave the Predominant Zone Settling Rates, and
from these pesults the"Zone 6 Probable Areag8" were calculated by
applying tne Coe and Clevenger formula,

In some of the tests, weight-time samples of the feed
and of the discharge plus overflow were taken to check the calib-
ration of the feed apparatus,

2500 cc. bottle samples of the feed, discharge, and over—

flow were taken at the completion of each test, to be used in the

small-scale settling tests.
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Changing Dilution of Feed.

In the}firstrthree of the final series of tests, the pro-
cedure employed in changing the feed dilution was as follows:-

Since the feed dilubion of the next test was always high-
er than that of the preceding test, the required density of feed
pulp was obtained by rémoving a calculated quantity of pulp from
the pachuca, and adding water to bring the pulp level back to its
original height at the overflow level, Botihh the feed and discharge
cocks were closed while this operation was being carried out,

The pulp in the pachuca was circulated in closed circuit
from the bottom of the tank through the pump at the collecting weone
and retuened to the top, while, at the same time, air agitation
was going on,.,in the pachuca, The spec. grav., of the pachuca pulp
obtained every few minutes during this circulation and agitation
by 250cc. weight samplés.

When the density of the pulp in the pachuca was uniform,
the thickener feed and discharge cocks were opened, and the disch-
arge plus overflow returned to the pachuca, The actual test was
then carried on as described in the previous section,

2. In the last three tests it was felt that a somewhat
thicker discharge might be obtained by running the excess solids
from the pachuca into the thickener, when changing to a higher
dilution of feed, instead of removing these salids from the system
as described above,

The quantity of feed to the thickener was not changed;
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but the amount of golids diScharged from the thickener was redu-
ced to give a discharge plus overflow density equal to that of
the required feed.for the next test.

It required about one hour for the density of the pach~
uca pulp to reach that of the discharge plus overflow. When this
was realized, the test was carried on as described in this section

under (3) Actual Test,



Procedure in Small Scale Tests.

(1)

Determination of Specific Gravity of Dry Solids

After thorougnly mixing the sample of pulp, fill up a
1000cc. calibrated flask-the weight of which is known~ to the 1000
c;:_mark. o
Welgh the flask full,
Filter, dry, and weigh the solids.

The specific gravity of the dry solids is obtained from

the following calculation:-

Let weight in grams of 1000cc flask plus pulp be a
And " neo " 466000 flask be b
Then weignt in grams of-é;ip a->b c
Let weignt of solids in 1000cc pulp be 4
Spec., Grav. of water o |
Then ¢ - d = grams of water in pulp cc, of water,
1000 - (¢ - d) =cc. of Solids.
Tié; | d ~ Specific Gravity of Solids,
1000 -~ (c - 4d)
(2) Determination of Required Settlement Area.
’ A, To determine the area of the thickener unit, pulps are

made up of different dilutions between the dilution of the fedd
and the dilution of discharge. These pulps arecput in 1000cc, grag

uates and shaken, after which the rates of settlement of each pulp

for 10 minutes is noted, and these observations checked by shaking

and settling again,
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The details of the method used by the Dorr Company differ
somewhat from that emplowed by the writer, and bothare described.

A. The Dorr Company's method is to fill the 1000cc, glass

graduate with the thoroughly mixed sample, and shake, The solids
are then allowed to settle approximately 1/4 inch., -Record the cec,
reading of the pulp line and the time at which the reading was
taken, Allow the solids to settle undisturbed for 3 minutes, at
which time again record the reading of the pulp line, Take sim-
ilar readings at 6 gnd 9 minutes,

Allow the pulp to settle until 100cc, of clear solution

can be decanted olff, Decant off 100cc., shake, and repeat as above

When this has been done, decant off 16Pcc, more of clear solution.

The pulp volume is now 800cc, Again determine the rate of sett-

lement as before. Ilake one more decantation of 100cc., and repeat

Filter, dry, and weigh the solids.

B Fill a suitable vessel with 1500cc, of feed pulp of the

—

gsame dilution as above, Allow the solids to settle and decant off

500cc, of solution, Place the remaining 1000cc. of pulp in the

graduate and obtain rates of settlement at dilutions corresponding

to 1000cc., 900cc,.,, and etc, as outlined above.

C Measure out 2000cc., of pulp of feed dilution, decant off

1000cc, cf solution, and repeat,

———

D Measure out 3000cc, of feed pulp, decant oif 200Ccc,,

and repeat as above,

The required area 1is obtalined as follows:-



Obtain the value of tcc, in feet by measuring the number of cc,
graduations on the cylinder corresponding to 1 ft., Convert all
the readings in cc, per 9 minutes into feet per hour,

In the Lab. Graduate, 1lcc, = 70.01183 feet,

—_— -

Then Settling Rate, in Feet per Hour

- _0,01183 x 60 - 0,0079 x ( cc. sett, in 9
— 90 n _ o mins, )

Calculate from the weight of solids in the cylinder
and the Sp. Gr. of the dry solids (determined by Procedurel), the
dilutions corresponding to the respective rates of settlement,
Apply the formula A = 1,333 (F - D) , where F is the

R
ratio of solutionisolids which settle at the rate of R ft, per

nr.,, and D is the ratio of Liquid to Solid obtained in Proc, 9_ ,
The largest calculated area will be the area required in sq, ft.
per ton of solids settled per 24 hours,

Notes on the Method employed by the writer,

Sinse the graduations on the cylinder are 10cc, apart,
it is apparent that it would be more accurate to reco;d the time
when the pulp line reaches the graduation rather than endeavour
to estimate the cc, reading between the 10cc, graduations, For
this reason the writer departed from the &ethoé used by the Dorr
Gompany in the following manner: The time when the pulp line reac-
hed each 10cc. graduation on the cylinder was recorded during a
period of ; minutes, A complete numerical example is given in the

ﬁ}eeﬂ‘
tabulation of Test 3 under Sewtion of this thesis.
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The formula A = 1,333 (F - D) was applied to the re~
R
sults of the settling tests oi each of the thickener tests, and

D was taken as the L ¢ 8 Ratio of the discharge obtained in wach
test,

The results given in Tables 6<7 (Predominant Zone Pro-
bable Area) were obtained by applying the‘formula to the results
of settling tests méde on samples taken from Cock 6 of the Dorr,
the settling rates being determined immediately after takiag the
cock sample, In the application of the formula, F was taken as
the L ¢ S Ratio of the Predominant Zone in the thickener test,

R as tﬂe 8ettling Rate of the pulp in the Pred& Zone sample, and
D ag the L ¢ S Ratio of the thickener discharge for the parti-

cular test,

The writer would like to point out a mistake which occur
in Hamilton's description of the metfjod used in making the small-~
scale settling tests., On Page 84 of his Manual of Cyanidation,
Hamilton states :" The ratio of liquids to solids at each density
is found by calculation from the sp. gr. of the dry slime, which |
must of course be determined, For instance, in the case of A 1,
assume that when the reading i1s taken the line of pulp has setﬁled
to 800cc., and that the weight of dry solids present-fodnd by sub-
sequeﬁtly drying the whole is 190 grams." Sice the pulp is free

settling, at least in the upper portion of the graduate where the

settling rate readings are taken, then the dilution when the pulp
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line is at 809 cc. will be the same as when the pulp line is at
780 or 75000:: or if the pulp has only‘settled to 850cc., Thus the
diiution }or each graduate of pulp will be the same }or each pos-
ition of the pulp line, and is calculated from the weisht of dry

solids in the full graduate,-lOOOcd. of pulp.

Procedure 2, Determination of the max, dens, of discharge.,

I{ix the sample and fill a 1000cc, cylinder to the 1000
cc, mark, Thoroughly mix by shaking._rAllow the pulp to settié;
undigturbed, taking readings in cc, every 20 min.‘at the pulp lineg
When there 1is an abrupt decrease in the set%liné rate, after which
seetling constantly decreases, compression or hindered settling
has begun. After thls, record readings at one, two, or three jour
periods, dependin; on the rate of settlement, stirria.; the pulp
gently with aglass rod after each reading., When no further sub-
sidence of the pulp line is noticed after five hours, consider
that the final density has been reached,

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

Only consider the pulp in the compression zone, and let a, b, and
¢ represent the readings after the repective time intervals,

Let w = grams of dry solids in the graduate,

G = sp. gr. of dry solids
D

spe. gr. of solution

Then, W - c¢c. of dry sollds in graduate = C

2|
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Then D (a & c) , D(b=-¢C) , ete,, is the ratio..by weizht of

, =

solution to solids afiter the respaective intervals of tine,
Calculate each dilution and record the results, The

final density will represent the final density of thickener

discharge,



-67-

BROCEDURE FOLLOWED DURING A THICKENER TEST.

Showing Log Sheets, Methods of Taking Samples, and

Data obtained, of an actual Thickener Test,
SAMPLE TEST No., 5

The procedure followed before and during the actual

test 1s explained in the preceding section,

LOG SHEET, -- Showing method of recording data obtained during
the thickener tests,

Time Feed Sp Gr Indicabor Disch, Sp Gr Zone 6 Sp Gr Feed &

12 ¥ . Guage
1 AY 1.053 1.057 1,176 1,096
2-00 1,052 1,056 1,168 1,095 3.0

Notes were taken in the above manner, the complete data

sheets for each test being given in the Appendix.

COCK SAMPLES

These were taken after the thickener had been operating

at capacity for 10 or 12 hours,

2. 1.0260 Spe Gre T, 1,0950
3. 1,0930 8. 1.0930
4, 1,0920 9. 1,0930
5. 1.0930 10, 1,0930
6. 1,0920 11, 1.1270

Showing Sp. Gr. of Predominant Zone = 1,0930
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SETTLING TEST ON COCK & SALPLE,

Time

0500
1518
2-39
3-56€
5-14
6=37
T-47

9-04.

CC Reading Interval (in secs,)

940

$30 78
330 &
210 77
500 78
890 77
880 76

s

SeRe

870

Aver, T77.7 secs,

= 0,01183. % 60 x 60 = 0,548 't,/hr,

Settlins Test Results applied to determine Area,

Zone & Probable Area

Area

Actual Ares

Feed

=
]
o
o

-
—

‘0335 ( 6014 - 30154)_ = 6078 Sqo fto

0,548
L:S Ratio of Zone = 6,14 3p Gr. 1,094
L:S Ratio of Disch. 3,35 " 1,165

35 1lbs, per min, (oulp)
35 x 12 x 0,72 = 3,02 tons dry solids per day.

19,24
3.02

100 - -
= 6,35 tons dry solids per day,

Act, Area of Dorr = 19,24 gsq, it.
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Toble b

Illustrating the Calculation of Maximum Area with the

Dzta obtained in a Series of Laboratory Settling Tests.

Ares = 1,33 (F-D) <+ R

Test 3 Discharge Sample.

Specific fGravity of Discharge in Test 3 —---ou-- 1.170
Liquid-So0lid Ratio ----mmcmcmm e o 2.32 = D
Specific Gravity Settling Rete Calc. Area.
of L.S.Ratio. Ft. per Vour Sa. Tt. P.T.
Sample Tested F. R. per Z4 Hrs.
1.037 16.25 2.80 6.2

-

Indicated ZEEE) Maximum é;iiD

1.044 13.92 1.87 7.5
1.082 11.46 1.53 7.1
1.061 c.71 1.30 6.5
1.069 8. 50 1.15 6.0
1.076 7.72 1.13 5.2
1.083 7.04 1.09 4.5
1.093 6.2 1.04 5.0
1.098 5.90 0.98 3.5
1.104 5,53 0.87 2.4
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DETATLED DISCUSSION _OF IKDIVIDUAL TE3TS,

Test 1
| A8 shown in the data sheets for this test, given in the
' Appendix, the Specific Gravity of the Discharge was constantly
decreasing for 12 hours, after which the thickener was considered
to be ruhning in balance., Table _{ ,showing the}Spec. Gravities
of the 12 cocks, shows that there was a gradation’of density in
the free-setilliis zZone oi iuae btank, and tuerefore, that the Pre-
dominant Zone was not built up. Table _2 shows that the pounds
oi solids setiled per minute was 3.49. This‘is éxplaimed by the
faét chat the Predominant Zone was not built up, and that the
tank was therefore handling a greater quantity of slime than it

would handle if it were operating at capacity.

Pest 2

‘aple 1 shows tuai a Predominani Zone, expending from
Gock'3 to Cock 19,was built up. Th e data sheets for this test
show that it rquired gome 10 or 12 howrs before Zone 6 had

reached its constant density.

Test 3
The Predominant Zone in this test exbended from Cock 4
to Cock 8. The Zone 6 Probable Area is approximately 75 percent
‘of the Actual Area required in the test,
Settling Tests made on the Feed and Discharge plus over-

flow show that the Settling Rate of the Feed was 0,811 ft, per hr.



Table KNo. j Page 70
Specific Gravity Test Test Test Test Test Test
of Sample from 1 2 3 4 5 6
Sample Cock NO. -- 1 {1,000 {1.000 |[1.000 |1.000 |1.000 | 1.000
2 11.072 | 1.057 | 1,005 | 1,029 [1.026 | 1,025
311.084 11,093 11,076 |1.,074 |1.093]1,080
4 (1.092 |1.093 | 1.095 |1.096 |1.093 | 1.101
51,092 1,093 11,095 1,096 |1,093] 1,101
6 11,200 1,093 | 1,096 |1.096 |1.093| 1,101
7 [1.104 | 1,093 | 1,096 | 1,096-}1,093 | 1,102
81.106 | 1.093]1.096 | 1,096 [1.093 | 1,102
911,106 11.093]1.104 | 1,096 |1.093 ] 1,102
10 | 1.106 | 1.095] 1,106 | 1,099 |1.093 | 1.103
11 (1,112 [ 1.124 [1.136 | 1.106 [1.127 | 1.129
12 11.116 | 1.133 | 1.136 | 1.124 | 1.152 1.137
Sp. Grav., Discharge |[1.142 1,169 |1.170 |1.156 |1.165| 1.169
Pounds Solids in
Zone 1---2--(170) 6.0 7.7 0.6 3.8 3.8 3.3
2---3 (500) 63.0 | 60.8| 32,5| 42.2 | 48.7| 42.4
3---4 (500) | 71.5| 75.6]| 68.4| 68,2 75.6]| 73.6
4---5 (500) 74,6 | 75.6| 77.4| 78.0| 75.6| 82.0
5---6 (500) | 78.5| 75.6| 77.4] 78.0] 75.6] 82,0
6---7 (500) | 82.8]| 75.6 | 78.0] 78.0 ]| "75.6| 82.3
7---8 (500) 86.3 | 75.6 | 78.0] 78.0 | 75.6| 82.8]
8---9 (500) 86,4 | 75.6] 81.2]| 78.0| 75.6]| 82.8
9--10 (500) | 86.4] 76.9] 85.2| 79.6| 75.6| 83.4
10--11 (500) | 88.5| 88.6| 98,4 83,7 | 89.4| 94.1
11--12 (507) | 94.0 | 105.8 | 111.8 | 95.0 114,.6 | 109.1
12-Empty Tank (688) {144.4|169,0 |171.0 |[1566,57|177.5 | 171.0
Egt%ér%bséh§gié%§r. 961.5| 962.4| 959.9| 919.0| 963.2| 988.8%

Notes.-

of the above tests,
slime level was 11-5/16 inches,

level 5/16 inch below the bottom of the feed-well.
. . X
The '‘predominant zones' are enclosed in heavy black lines.

The numbers in parentheses represent the volumes of
the respective zones in terms of 'lbs. of water', Tn all
the depth of clear solution above the
This maintains the slime
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while the Settling Rate of Discharge plus Overfdow was 0,858 ft,
ver hour,

The slime level in this test appeared cloudy, and as
we had been assured by the Dorr Company that it was impossible to
operate a test thickener continuously for more than one or two
days, it was decided to allow the solids to settle in the thick-
ener at the completion of the test, The solution was then drawn
off, and fresh water, containing 0,25 lbs. per ton of lime, was
substituted for tne cloudy solutién. It seems probable that the
cloudiness of the slime level was caused by the constant addition
of lime, since the slime had been settled previously for a length
of time, adding time of all previous tests, equal to or greater

than, the time of these final tests, 1,2, and 3,

Test 4

In the three previous tests, the change to a higher
dilution of feed was effected by withdrawing a galculated quant-
ity of pulp f8m the pachuca and adding water to bring the level
back to its original position, As the&ggégﬁégge obtained in these
tests was nmuch higher than that desired, it was decided to keep
the same amount of solids in the system ., This result was obtaineﬂ
bg raising the discharge gooseneck, thus reducling the quantity of
solids discharged from the thickener. In this way the density of

the discharge plus overflow was reduced, resulting in a decrease

of the pachica pulp density.



Area Based on Feed.
Teed.

Table No._ 2 Page 72

Area Based on Test | Test | Test | Test | Test | Test

Zone 6, 1 2 3 4 5 6
Sp. Grav., Zone 6 1,100 | 1.093 |1.095|1.096 |1.093 |1.101
Sv. Grav. Discharge [1.142 [1.169 [1.170 |1.156 |1.165 | 1,169
1..S. Ratio Discharge | 3.951 | 3.257 | 3.235 | 3,561 | 3,345 | 3,260
L.S. Ratio Zone 6. 5.770 | 6.235 | 6,095 | 6,025 | 6,235 | 5.710
(* - D) 1.819 | 2.978 | 2.860 | 2,464 | 2.890 | 2,450
1.33 (F - D) 2,419 { 3,958 | 3.803 | 3,278 { 3.843 { 3.260
Settling Rate in '
Feet per Hour. 0.461 | 0.532 | 0,548 | 0,479
Area- Sguare Feet
per Ton per 24 Hrs., 8.25 | 6,16 | 7.01 | 6,80

g======g=

Liquid Distribution.

Pounds per Minute 23,00 | 21,00 | 25.00 | 28,30 | 35,00 | 50.75
Specific Gravity. 1,103 | 1.084 | 1,065 | 1,065 | 1.052 | 1.036
Liquid-Solid Ratio. 5.590 | 6,945 | 9,080 | 9.080 | 11.46 | 16,71
% Solids., 15.18 | 12,58 | 9.910 | 9.910 8,02 5,65
ILbs. Solids Settled

per Yinute 3.49 2.64 | 2.48 2.81 2.81 2.87
Tons Solids Settled

per 24 Hours. 2,52 | 1.90 1.78 | 2.02 2.02 2,06
Dorr Tank Area---- 19.24 | Sqg. Feet,

Area- Sguare Feet

per Ton per 24 Hrs., 7.65 1| 10,10 | 10,78 | 9,53 | 9,81 | 9.32

=______=—__——4====-==

Clarified.

Lbs. Ligquid in reed. 19.5 18.4 22,0 25.5 32,2 | 47.9
Ibs. Liguid-Discharge 13,8 8.5 8.1 10,0 9.4 9.3
Lbs. Ligquid-Qverflow. 5.7 9.9 | 14.4 | 15.5| 22,8 38,6
7 Total Liquid

29 54 64 61 71 81
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The Discharge Density of this test, as given in Table
1 is 1,156, This appears to be incorrect as compared with the
Discharge densities of the other tests of the series, Also, the
Areas calculatedrfrom the Settling Tests results of the Zone 6
sample and the Feed and Discharge samples are lesstthan:the Areas

of the other tests, This indicates that the discharge density

is lower than the correct wvalue,

Test 5
This test shows a Predominant Zone from Cock 3 to Cock
10, Tae Actual Area required in this test is about one-~third

greater then tne Settling Test Probable Areas,

Test 6

This btest was run for 30 hours, and shows a Predominant
Zone of slightly higher spec., grav. (1.1015) than the previous
tests. The Actual Area in this test is slightly less then tnat

in Test 5,
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CONCLUSION

A general sumnmary of the conclusions reached this year
wag glven in the earlier part of this thesis, Tae writer has
included in this section a discussion of the effect of the rising
current on the settling rate of the pulp in the free-settling zone,
The ideas presented in the following paragraphs were discussed
after the previous section was written,

When pulp is thickened in a glass graduate, water 1is
displacéd by crowding and compression of the flocs, The water
passes upward to the overlying clear solution, The. change in
position of the water is accomplished without any alteration in
the total volume of the pulp, No doubt thickening is retarded by
the ascending current,

The condition noted above must also be true in tne case
of the thickening which takes place in a continuous thickener.

The water displaced or squeezed out must go somewhere, and since

it is not drawn off in the discharge, it must migrate upward,
This would create an ascending current and consequently reduce
the settling rate of the pulp in the predominant zone,

Now if the rising current has an appreciable %ffect on
the settliiz rate of the zone, the laboratory determinaiion of
settling rate in a glass cylinder would be appreciably in error,
or perhaps it would be better to say that it would be appreciably
wrong unless the thickening condition in the cylinder duplicated

that in the tank,



4

The effect of a rising current can only be determined
experimentally, An apparatus, consisting of a glass graduate
fitted with a porous bottom, throu_.h which a current of water of
very small magnitude could be sent, was suggested by Professoe
Bell. The study of this rising current effect should form the
most important part of tgg%gﬁgestigations-

Prof., Bell has suggested that the quantity of ascending
water for a tnickener test mizht be calculated by assuming that
the amount of water in pounds which moves up througihh the pred-
ominantrzone

= (L:S Ratio Zone - L:S Ratio Dich,) X Dry Solids per min,

The argunent for this basis is that somewhere between
tne bottom of the zone and the point of discharge, the pulp
changes from the L:S Ratlio of the Zone to the L:S Ratlo of the
Discharge, and it appears that this can only be acco:iplished by
the crowding tozether of the flocs with a mBorresponding displace—
ment of water,

If the above is true, R in the formula may be an inde-
terminate quantity.

From a consideration of the above points, it would
appear that the Coe and Clevenger theory is in error not only
when applying the formula to discharges below critical dilution,
but also wien the dischnarge is of lower dilution tnan that of the
predominant zogg, since the rising current would be caused by tae

displacement of the water in"thickening" from tue predominant



zone to critical dilution, as well as by [thickening" from cri-
tical dilution to the density of discharge,

In this year's tests, 1t was necessary to add lime at
regular intervals throushout tuoe total time of the tests, resul-
ting 1n the fouling of the solutioan. In order to overcome this
difficulty, some ot.ier flocculating azent, which would not be a
affected to as great anextent by the air, must be used, If
sufficient storasze capacity were available, a sypply of fresh s
solution,containing 0,25 1lbs. per ton CaP, could be maintained,
and some means devised for continually replacinz some of the

solutions

In coanclusgion, the writer desires to acknowledge the
interest shovwn,and the advice o iven, by Dr. Porter,

The entire investigation was carried out uader the
direst supervision of Professor Bell, to whom the writer is
deeply indebted for his assistance in the actual ruaning of the
tests and in discussing the results,

Mr, A,E, Cave rendered very valuable assistance through-
out the year.

The writer desires to thank liessrs, Cochrane, Duchenin,

and Holland, of the Fourth Year Ifining Class for their assistance

J5

during the tests,
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Tables 3, 4, 5, 6,

Data Sheets,



Table J P 77
Showing Settlin; Rates determined in glass graduates to compute Area
required to settle I ton of Selids per 24 hours.
L :S | Spee.|” - SETTLING RATES  Feet per Hour ) ‘
Ratio| Grav. |Test C Testnd Test 4 Test 5 i Test 6
izch Zope 6l Disch Zone 6l Teed Disch zZane Feed Zane 8
I6.7 |1.036
I16.7 11.036 2,80 2.08 2.46
I15.4 11.039 2.04 2.99 2.70 .25 oa13
15.9 11,043 1.1.83 1,87 2,11 2.0T 2,46 1.69
II.9 11.050 1,70 I+61 I1.57 I.55 2,14 1,53
9.9 11.060 I1.i4 1.30 1.29 I1.25 I1.77 I1.18
7.9 11.074 | 0,77 I.13 I.II 0.98 1,44 0,95
6.2 |I.003 C,45 1.04 '0.80 I1.13 0,5 0,77
6.1 11,088 0.42 I1.0I 0.46
6,0 11,086 0.41 I1.00 1 0,93 0.53
5,7 11,101 | 0.35 0.92 j 0,76 I.102 0.70 0.48
i
N.B. ‘Areas calculated from these settling rates are given in Table




Table_4 Page_ 78

031911ated A?ea - JaXinum Theoretical Area calculated
Trom Sebttling Tests of sanples of:

Discharge. Disch. . Peed , Disch, , PFeed , Aver,
Test 3 . Test4 Test 5 Test 5 Test 6
sq. ft. sg. ft.| 8. Tt. sq. ft. sq. ft. sq. ft.
T.5 - 7.7 7.5 5.2 8,2 T.4

¥:53, These are maximum areas, complete areas are
tabulated in Table

Table

Calculated Area = based on Settling Tests of Samples from
Zone 6, made during Dorr Thickeiner Test,

Test 3 4 5 6 AvVer,

Sq. ft&. Sqo fto ¢ qu ftll Sq. fto SQQ ft&o

Calculated .
| ~Area - 8,2 ? 7.0 6.8 Te3
1 Actual

Area 10,8 945 9,5 9.3 c.8

Percentage = based on Calc, Area - Actual Area 14,57




Table 5 Page 19

Showil..;, tne Differences in Specific Gravities of 'Predominant
Zones' indicated by Settling.Tests on Feed and Discharge
Samples from Thickener Tests, and 'Predominant Zones disclosed
by Dorr Thickener Tests,

. Specific Gravities of Predominant Zone indicated by
Dettling Tests made on Samples of:

Test Test Test Test Test Average L ¢ 5
3 4 5 & 6 Ratio
Disch. Discn.| Feed Discuu, Feed
,1.,044 [1,058 1.050 | 1.041 | 1,049 1,048 12,4

opec. Grav,

of Predominant Zones - Dorr Thiskener Test No.

4

. 3 5 5 6 Average L: s
) } Ratio.
1,095 1,096 1,093 1,101 1,096 6.0
N.B. The 'Predominant Zone' in upper table is t:e
dilution of slime requirin- maximum theoretical
area, i.e,, the dilution corresponding to the

niaZinoun area determined from the settling tests,
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DORR THICKENER THST No. ._1 __ |

Iiarcn 20tn 1925

3 - . re 2. " . > 3

IINE ZEED DISCHARGE ZONE OVER-| TENP.
FLOYW

Sp.Gr.!Sp. Gr4 Guage|Sp.Gr.! Cal Sp.Gr.| CaO CaO | ©°C.
J _ Lbs., Lbs.| Lbs.
3 True. Indlc. PoTo PaTo . PoTo
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3 00l 1,104 s Lo arael b airealfoael ]
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Po_ .
DORR THICKENER T#ST Ho. __ 2

——

darch 21at 1925

° N
- g -0 O L - L. . o £ re

TINE JEED DISCHARGE ZONE OVER-| IENP.
F" )Y

- e

8p.Gr.|Sp. Gr{ Guage|Sp.6ri! Cao Sp.Gr.| Cab | Ca0 | ©°C.
S LbSe Lbso LbB.
True. | Indic, P.T. P.T.| P.T.

i B N 3

i _i | =
_g Removed 40 1Bs, Solids from Pachiica (242 #Pulp g _1,]02)
Agltaged in ¢losed Pachucaicircult for | hour| -
10~-pm| 1,0E4 . 1,091 Pachuca in!closed circult -

10-30{ 1,086 | 1,090 " n " " —

QPENED] 10~30_ ¥ 1,40

1 40-451 1,086 | 1.0040 " | Q.25 -
. 11-00{ 1,088 ;| 1.0964 " 1100 0,23 -
1130/ 1,084 | 1,000}  1.4% 1,186 1.100 + 0.23| 0,25 19,0

12 4 | 1,084 " 1,50] 1,172 100 1 025l 1|
| 12-30! 1,086 " 160l 11700 «»i,ina¢;v5 25 0,23 -
 l-am | 1,088 | " 1,7 1,100 | 0,24 0,26,

F.-L_:_B_,__1,-_98_6,__'_.__1..”9{3__5_\,., 1,600 . . | }1,102 1 0,24) 0,24 . . _

2 -C01 1,085 § 1,086 1,50 4 o101 1 0,23] 0,261 18.C_

2 -45| 1,085 v | 1.00f 1.168] 0,231,078 | 0.25] 0.23f

3 -30] 1,084 ! 0,75} 1.176 1,080

e -

0
[ 4 -00{1.084 | 1.091] ©0.80] 1,180 _ 11,080 | 0.27] 0,25 |
4 -45|1,084 | " | 1,00,
5 -00{1,084 ; t.o87) " | 1 11.080 | 0,26] 0,24} _  _

5 -30/1.083 4 " | 1,05 1,172] 0,25 1,080} 0.26| 0,26] |

6 -00 1,083 | " | o0.95! 1,164 _|1.076 | 0.25' 0.24] ig.c_

7 =00} 1,084 | 1,088 " 1,164 1,080 | 0,24( 0,26 .

7 30 | 1,083 ! 1,087, 0,965, 1.104
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DORR THICKENER THST No., __2

Larch 21at 1925

IIME FEED DISCHARGE |  ZONE OVER-| TEMD.

' SpiGr.|Sp. Gr{ Guage|Spi6r:| Cad |Sp.Gr.| Ca0 | Cab | b6.
d o ; Los, Lbs.} lbs.
Ti‘ueé IhdiCQ PoTo PnTo _PQTO
= ; : - : -
8 -CO | 1,082 1,087 10,965 | 1,164 10,24 | 1,080 { 0,23 .
- - [ = =
8 =3d 1,083 " " 1,164 1,080 { 0,23 10,23 19,0

9 -0d 1,083 ! 1,0ce | o 1,164 | 1,082 i 0,23 0,24
9 -3d 1,084! 1,000 | ™ 1,164 1,082 ]

10-0d 1,083 " 0,975 1,164 1,082 | 0,23 | 0,26
| 10-3d 1,083] " n 4,166 ) 1,084 | 0,26 _
1-cd 1,004] 11,000 | 1,166 0.25

__Ll:}C Stopgded pump and_r%~9§cked it. ' o

12 11| 1,086 | 1,002 | 1,00 | 1.166 1,086 0231
| 12-3d 1.584' 1.d90 n 1,168 11,086 1 5-25 _
1 pm| 1,083 " " 1,168 1,088 | 0.25

BRI 5T L VA T NS R I A _
F 2 '.“'%:L,._’__-_?.f.”.ﬂ.‘..-_._i et t.167) 11091 0,25 -
234 1,08 " | " lie6)  |10%0f | o2y
| 3 -0d 1,083 " " 1,167 11,090 10,24 0,26

5-3q 1,084 " | Mo jaer] o t.oso) | o2q

4 -99 1,084 R PO LTS LY & N 10000 | o8

b e o o = PP SLAUNPIEPEPEX TP |- - T-‘--— g S S -
5 =0d 1,084, " I T R R e ]
i o

6 -od 1,084 " noog o 0,29
,7_:§§_1;é§%_~ " " 1,169 11,092 0,24

8 =04 1.584 " " 1,169 0,24 1,092 | 0,25 6,35
8 -3 1,084] " " 1,169 1.092 0.26 '1

-

9 ~od 1,084 " " 1,169 1,092 | LT
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DOKR THICKENER THST No. .3 __

L] - y 3 e p
= D il — e e

- O B v

TIME ZEED DISCHARGE 20X OVER-| TE4P.
Sp.Gr.|8p. Gry GuaéefSpnGr. Cad 1 8p.Gr.| CaOl ca0 | °c.
U N Lbss { Lbss| Lbs.
Trueo Indict PoTo Pa To PGT.

= i , - — bl " -~}
v;k; %80 1bs. pulp removed [from Pachuca.l Agitated in klosed| circ.,

l . e v
_._‘ 1"’20 1 0066 )

1 1-35 ‘ 0067 . 7 ]

C11-43 1,066

. 11-45 FEED |OPENED L )
12 ¥] 1.0665 1.070| 1.0 ) —

1 -0Q 1,066 "op1,2 ) 1,095 0,24 0,26 19,0 _

1 -39 1,067 | 1,071 1,30] 1,210 | 1,095
2 =00 1,567 1,070 1,40 | 1,181 1,005, 0,24 _

2 =30 1,065 1,070 1,45 -

| 3 -od 1,065 " 1,50 1 1,180 | 1,006} 0.26

1..1,098] .

3 -39 1,066 " | 1,601,180

t

4 -0d 1.0671 " | 1,700 11800 ! 1,007 _0.250 19.Q

B e

| 5 -0d 1,0655 " | 2,00 1,174 | vt.008l L o.e4

| ¢ -0d 11,0657 " 1,80 ] 1.174 . 1.,0955. 0,260 .
L.A6_4 :jég__.l_:_._ép > I J.L ~_~-.1...0_g.~°-. _.._1017‘} 4. ?..o 24 .-P-j_L?gY-a—n..._.m_m,?_.z_Sf_m,,___ _1
| 7.-QQ 1.0655 " L .00 p.1850. 1. 1,0055 .1 Q0,260 .

7 -%E 1.666 ! . "14PJ*185M.M--M“_1,0955W~mm‘m_o,24~_mmwu_

g -0d 1,067 . " L v laassl | vo9s5 | gogl |

fom e e

9 -0 _ Discharge Blpcked

_ S1ifne level 1is i%regular,
10-00 1,066 | 1,07 | 1,30 11,174 . ovelrflow slightll cloully, - -

. i ] ) - f
41-00l 1.064 1 1,07 | 1.40 {1,175 0,25 | 1,076 19v4~1
11-39 1,065 RN L 2] e S
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DORR THICKENER THST No. __3_

March_252d1925

, . . - . —
LIME FEED DISCHARGE ZONE OVER-| TENP.
| )
Sp.Gr.|8p, Gr{ Guage|Sp.Gr. - Cal 'Sp.Gr. Ca0 Ca0 °C.
ﬁ True. Indi,c.v II;??‘. | %E’?‘: gf?‘ '
- ; -
121 11,063 1 1.070] 1,40| 1,172] 0,24 1,573 0.25] 0.26] 15,5
1 opmf{t,066 | " n B 1.078] 0.24
1 -30] 1,066 ] " 1,170 1,086 0.24
2 -00{1,065 | " | v 4,172 1,087 0,26
2 -30!1,065 NIRRT 1,088] | 0,26] 10,5
3 -00] 1,064 " v 1,087 0,26 5
3 -30] 1.0€5 o v y69 1,089 0,250
| 4 -00] 1,064 | v ] o 1.088| 0,23 0,24 i
4 -30 1,663 " " 1,168] 1.589 ) 0.26 _
5 -00| 1,064 " "7y 1,080! 0.24] 0,25 i
|5 -30] 1,064 | " v 1 1,170] 0.24] 1,000 0.25
6 -col1.064 | " |y 1168 | 1.000] L
7 -oolt.064 | | L va7ep L1000 0,25} . |
8 -00] 1,065 v Lo boazsl o wesol o lo.sl
| 8 -30|1.066 " v | 1,166 1000 loest .
o —oolt.oes | Loon o L aam) 1,090 _ o
| 10=00l1.065. 0 " L v boaazal . faoeol loasl
| 11-00]1.065 " v L a.rel 0.4l 1095k Loasl ]
BEIESCIED--T RNSLINE SRSLINS EERSUI1 S S BCES S -
|12 01,065 | " Lg-lel70 1086404240251 20,0+
| | ; _ - -]



DORR _THICKENER T#ST No. _ 4 _ Fortn
Jarch 28th 1925
o . » > o - - —ee s . .
TIME TEED DISOEARGE ZQNE OVER-| TEXP.
: ELOY _
Sp«6r.|Sp. Gr{ Buage Sj'p'.hGr. Cad |8p.Gr.{ Ca0 | Ca0d | °C.
4 . o Loa. | Lbs.| Lbs.
rue. | Indic, P, T. P,T.| P.T.
= : S—— -
12 | PEED QPENED | 1,40 1,243 | 0,26 |
12-3d 1,068| 1,072 " ? " ]
{ -0d 1,069! v 1,61 1,196 1,098 | ~
L1 -39 1,065 " | 1.8] 1,186 ' 0.25| |
2 o4 1,064 " | 2.1 1,184 1,098 | 0,241 0,25
2 34 1.066] "] 1,181 e 0,24 N
3 404 1.0663 1,070 | 2,24 1,179 1,098 0.25! 15,0
3 33 1.0653 " v | 1,176 . ) ‘ .
4 -4 1,066] " 1.3{1 1,171 | _lo,.25 i
4,30 1.066] Y 1.64_1.172 1.008! 0.24 0,261 |
|5 200 1,066 " 1,54 1,167 _ 1 0.26] 16.2
 5.-30 1.066] " | 1,591,164 | 1.008] o.23 0.4 i
L 6.-0d 1,065 " | " l1.6ale24lrioeel  tooad
¢ Lo1.6d.1.162] R N EYY I
.74 1,160 0264 ]
lotrdtasel ool toewmsl ]
L_t7d sl .l 1.cesl 0,2 4
1.8d 155 l1.e83i . lo,as] -
| o -0d 10654 . " 17frsegoeel. L Looasiag,a.
| 10-09 1.066] " | 1.7d ] i o
10-3¢ 1,966 " | 174 1.5 1.0880.2500.26] ]
1190 1.066] " SEREL 1.087 0.25 '
11-39 10650 " 1 "i1.1530 1,087)  o,25]




DORR THICKENER Ti#ST No.

4

P,

2

March 25th 1925

!‘ o 2. . .\.~ Y - P _a e o i o
TINE FEED LSCEARGE ZONE  |OVER-|IEMP.
SpJGf;i§pa Gf; éuhée Sﬁsar. Bab Sp.Gr.| Ca0 | Ca0 | °C.
R _ Los, Lbs.| Lbs.
TI"U.@; Indio‘. P.Tg Po T. P.T. :

12 W | 1,0652) 1,070| 1,78 {1,154 | 9.24] 1,088{ 0,24|0.25 | 18,0
tam1.06570 " | " 11,155 | 1,088 0.25 B
1 -30] 1.0650 " " 1,154 1,089, 5.25
2 =30l 1,0663 " "1 y,156 1,089 0.23
3 -00j 1,9652] " "i,156 1,090! 0.26
3 -30] 1.0656] " U EOREY: i.001] 0.23/0.25
4 =30/ 10656 " | v |1,157 1,091] 0.25
5 -00| 1,0656 " " 1.156 | 1,9895 0.24 ]
5 -30| 1,0654] 1.069] " | 1.157| 0,24 1,000| o0,2b |
6 -00| 1,0654/ " "ol56 | 1,092 0.26 |
6 -30| 1,0651] " " 1,156 1,093 o.25| ]
7 301,066 | " | " 156 o.25) 1,093 | 0,25

9 =30[ 1,066 " "oqrasel L1 0.24] |
10-30] 1,065 R 1 lewest

LL""'? 1 0—065 _ k _’,,,____*

~ Zong Samples taken at ¢ pm, | ] ]

| - - -

! i

} L B .

| % _

L—v - ¥ ; . 2 ; 3 .




Po_t_.
DORR THICKENER TiEST No. _5

iareh 264k 1925
N - a S e eemen D~ - -

IINE ZEFD DISCEARGE ZONE OVER-| TENP.
| FLOW

8p.Gr.|8p. Gr{ Guage|Sp.Gr.| Cald 8p.Gr.{ Ca0 | Ca0 | ©°C.

{ Los, ‘Lbs.| Lbs.
True.|Indic. P.T. P.T.{ P.T.

= é ’

12 0 | FEED QPINIED, Pachuca & -

l2-3C | FEED QLOSED, Paciwcal in cloged cifrcult REPPEHAD at, 1R-40

1 =30 1,0513 1,055 | 2.9
| 2 -0d 1,052 1,052 " 1,176 10,23 119.5
2 -39 1,052 1,056 | " | 1,176 ] i
3 =0d 1,052 N 1,160 | 1,096 | 0,27 o
| 3 -3d 1.0539 1.0565] " 1,167
4 -39 1,053| 1,056 | 3.2 [1,070] 1,100 | 0,26 _
5 —Oé 1,053 " 3,0 1,170 Slime levell at cbrrect height
5 =30 1.5535 "o12,80 11,170 Slime level oo jish, .
6 - Splaee 0.24 -

h._.!g‘;’;f‘L ES——— ;Q.gg:l..__ 1.94.53 -

B R T e - o -

RJAQSB* N Q.25 1 . _

24 1,087 | 9.2410.25 ] 19.2
Jroer ! 4
.85 ) o t0,24 4 ]

> ' ]
| 11-0d_1.0514 __" " 1,162} .| 1,085 925 | _
11-3d 1.0519 " " 1,159 1.085 | 0.25 .
he f
12 N} 1,0524 " " 1,160 1.086 ]
'2axl"1 '051 ne ! ; "1:9 L ‘ “985 L - 2 Q.26 ‘}



DORR THICKENER Ti3T No.

- -

liarch 26th

Po_2..

1925

: . . . . . .
m ZEED DISCEARGE ZOHE gVER" M’
Sp.Gr.|sp. Grt.éﬁégé 8p.G7. | Cal |Sp.Gr. cao é;;~ °C.
True,|Indic. , %S?‘. %??': gf?.
! B M 1.9514 1,055] 2,690/ 1,161 ¢ 0,24{1,087 | 0,25 0,26 19.2
1 30 1.0520] 1,055 " 1163! ] 1,087 | .25
2 -0/ 1.0514 v I w 1.161 1,088, 0,25 |
2 =30, 1,0520] " m 1,161 1,088 ]
|3 -0l 1,0514 v | v 1,162 1.088] | 0.24
3 -30]1,0520] " | v 1,008, |
4 -0l 1,0516] v [ v 1.162] 1 1,088 0.25] |
| 4 -30/ 1.0518] v " J 1.163 1,089 ) o
5 -o0/ 1,0518 " " 1,168 1,089 0,25 u
5 =30]1,0520 ! " 1,160 1,089} -
7 =30 L 1,165
8 -00| _ L 1,65 L i
L _:._66 1052 & 1. ) N B S S
| u NSRS ISR R WS M- ]
4eommfTotpl = 35402 1bB/mind - - A
IS S ——f S M -
b e —
r L -
[ A .




Po_ 1.

DORR THICKENER Ti#ST No. .6 _

March.26=27. 1925

, . . . . — . .
TINE ZEED DISCHARGE ZONE OVER- | TEXP.
| ELOY —
Sp.Gr.}8p. GrJ Guage|Sp.Gr.| Ca0d Sp.Gr.| Ca0 Ca0l °C.
Lbs. Lbs.| Lbs.
True.|Indic. P.T. P.T.| P.T.

T 10-30 1,052 ; N
11-@0 1,035 | 1.041 | 2,701 1,216 0,24 i
11~3d 1.037] 1.040 | 2.80| 1.166 !

12 01,0361 " | 3.00] 1.177 1,091 | 0,23 0,24 )

{ 12-3d 1,037 | 1,041 | v 1,178 0.23 N
1 -0d 1,036 | 1,040 | " 1,174  Jo.23
1 -39 1.035] " | 2.5] 1.167 0.23 |
2 -od 10339 " | 1,168 1.008 | 0.23 0.26 -
2 -3d 1.037 oo " 1,164 0.23 1.100 0.26 |
3 -00 1.5375 " - 1,100 0,26 i
3 -;3 1.0381 v " 1,164 1.100 0,26
4 -oc 1 538 " 2,0 _11}54_“mww"hm}mjyo i _6.25 o
e 3910368 1039 | " | tard  fr.ool  fe.asl
5 -04 1,036} 1,038 | 2.3| 1,177 | 1.098| 0.6} |

_w; -3d 1.0354 1,035 | 2.29 1,174 0,24 1,100 c.25|

:jg -0g 1,0341 1.6{1~ _2.29 1,167 1,101 10,25 o

’é‘fifif252"1.039 r_?:?imj:fééwmw | 1,104 | 0.24| |
|7 -od 1.037] 10385 " | ted  |1.ace]  foesl |
7 -34 1,036 | 1.636 | 2,50 1,169 | 1.101 5'24_ o
fkém-oé 1,0357 1.039 | 2,60 1,167 1,101 0.23 ]
_é . 1,535% 1,037 | 2.7d 1.16¢ 1,102 0,23 .
9 -04 1,035 -~ 8line ldvel low due Yo cylinder in! feed ipe__
10-;+ 10535 .not being able lto canry any more feed wijthout

- — Yoverilowing r



DORR THICKENER TH#ST No-

6

. . 5

PO'L"

—ialch 26-27 1925

, . —a . . - A N
IINE ZEED DISCHARGE ZONE OVER-| TENP.
\ ELOW —
Sp.Gr.i{8p. Gr{ Guage|Sp.Gr.| Ca0 |Sp.Gr.| Ca0 | Ca0 | °C.
Los, Lbs.| Lbs.
True.|Indic. P.T. P.T.| P.T.
- ? - =3
- 10-39 1,0346 1,0379 3,10 1.1034 0.20) 20
11-00{1,035 | 1,164 ] ]
11.30]1,034 | " 1,164 1.1030 6.27]
12 N [1,0341] " " 1,164 1.102] 0,271
12-30] " " 1,166 1.103] 10,26
1 -00]1,0335{ " | " 1 1,166 ] 0.25] 20,25
1 -30] "1 3.05 1,164 0.250 _ __
2 -00[1,0344 " 3.00| 1,164] 0,25| 1,103
2 -30] " "] 1064 ‘ 024
|3 -00]1.9332 _ 7' |
3 -3001,0354] 1,0983 e
| 5 =0011,03551 1,038 _3.,00] 1,365} . _ 1 .| . -
5. -3001.0356) " | 1165 R I S S i
€& =00}1,0357 e e Q.27 ..
¢ -30]1.0360 1. 1641 1.09281 0,250 0,27} _.___
L7 -ooft.o360l v L laasay ol 1 | 20,0
7 -3olv.omsel bl o
8 -Cul1,0357. " 2,80 4 Vo4t L4 _
(9 =3011,0362] ." Pw2415 IS S 1+595% Qg Cg 2 e -
| 10-30f 1 " 11874 .
1}-oah1,0363 " " 1.1674 1.0967 0,241 4
11_36 1.6355' " " 1.166é Q.24 1LQ£6? | 0,23 _~"_-1
12 1 1.5362. " ! 1iJZL§ ET-EO N S :


http://-7.-_.-3_Q

DORR THICKENER THST Ha.

-]

—

P°'.—!-5,'~,

Lareh 26-27 1925

TIME IEED DISCHARGE ZONE OVER-| TENP.
. FLeY L
SP (] GI' [ Sp [ GI‘¢ Guage Sp-.GI‘. C&.O Sp © GI‘ . CaO C&O ° C .
Los. Lbs.| Lbs.
True.|{ Indic. P.T. P.T.}] P.T.

| 12-30

1,038

1,1706

0,24

1.0877

1 =30

e S

1.0354

"

11,1724

—i—;o-vv—rv—-

1,0981

2 -0C

1.0357

~00

1,0362!

1,1706

1,098%

-30

1,0363

1,1710

11,0990

1,

M

0361

1.1710

1,0999

4 =301 11,9363 " 1 2Y65 (1,170 R ]
| 5 -0l 1.0361] " 2,75 | 1,1600 1,1001 0.25 ]
6 =00/ 1,0360] ."7¢ | 2,70 11,1686 0,25|1,1013]_0,25] B
T —O;) wo no ] " " _
| Zonk samples taked at 5. &.m... .. L. 1 -
]

adR T Rt i it - o e ettt IS SN S S
S S — e - c— [ SRS S - O
S - - e —— —— — — —
. T - - -4
R S e

f t

} i
o — ‘—-*'4-*‘ = 4 ‘L ! - ]



http://es__-ta.__.em
http://JLJiM._O._25

GALEBRATION OF PACHUCA TANK,

Weights represent 1lbs, of water,
Weight of Pulp ie obtained by multiplying the weight
of water by the 3pec, Grav., of the Pulp.

Weight from Bottom Wt. from Feed to

Zero to 1st. 73.44 to Zero 1229,61 1134 ,11
Zero to ist, 73,44 1st, 1156,17 1060,67
st to 2nd, 70.13 2nd, 1088504 ‘990,54
" 3rd, 71,57 3rd, 1014,47 518,97
" " 4th, 71.82 4thn, 842,65 847,15
" " B5th, T71.00 5th, 871,65 776,15
" " 6th, T1.57 6th, 800,08 704 ,58
" " Tth, T71.38 7th, 728,70 633,20
" " 8th, 1 .32 8th, 657 .38 561,88
" " 9th, 73744 9th, 583,94 438,44
" " 19th, T2.81 10th, 511,43 415,63

16th to Thick,
Feed Pipe. 415.63 Th, FCPO 95050 9.00
Th. Feed Pipe

to Bottom 95,50 0,00

Total Cubic Capacity to Zero (Overflow Level)
19,7 cubic feet,









