MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Bachelors Theses Student Theses and Dissertations
1909

A study of the settlement of slimes

William Simpson Hall

James Crawford Compton

Follow this and additional works at: https://scholarsmine.mst.edu/bachelors_theses

b Part of the Mining Engineering Commons
Department: Mining Engineering

Recommended Citation

Hall, William Simpson and Compton, James Crawford, "A study of the settlement of slimes" (1909).
Bachelors Theses. 203.

https://scholarsmine.mst.edu/bachelors_theses/203

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Bachelors Theses by an authorized administrator of Scholars' Mine. This work is protected by U. S.
Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the copyright
holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/bachelors_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/bachelors_theses?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F203&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1090?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F203&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/bachelors_theses/203?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F203&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

T ¥o. .

THESTS
for

THER DEGRFE OF BACRELOR OF SCIFNCE
in

¥INE RNGINVEFRING

A STUDY OF THE SETTLENENT OF SLIMES"

by
T8« HATLL and J.C.CO¥PTON

ﬂpproved.'49 (2ﬁk£€a4u4.

G267

Oy



YV ATIT T s Ton s
"j‘_,‘w I OF €0l

Definition of Slimes . « « .
tion of Electrolytes .
linerals

Experiments on Pure

Redunctiion Teazts o o o -

Miecroscepic Inv N

Effect of Electrolytes . . .

Conecla

S8 5 %% ¥ E & &

=

TET

i

Ee)

-

ahion of Ures

I R U B &

m vl

m

co w0 @ 3]

i



A STURY CF TBEFY OETTLENENT OF SLIMES

PREFACE

The purrose of this thesis, as oricinally vlanned, was
to determine the affect produced by certain substanses called
elactrolytes upon *he mill product 'rown as " slimes”.

The subject pregerted an ever: increasing number of new
problems gs it prosressed and some work along the line of
sevaral of these brerches is embodied in the following pages.

Reports of investizsation and behavoir of slimes when
troated for gulck settlement are Tew and unsatiefactory.

Our resultes may prove nothings slready unknown , but the fact
that so little data is aasily'aooesible has been the untifa

for thia thesis.

RPERINTTICN OF SLIVES,
Mr A.V. Varwick defires slimes ae "West. Chem. & Vet.
Vol, Wo.2w p 81.
" That portion of the erushed ore which,
owing to its contairning combined water , peossensgs the property
of forming eelleid bhydrates when mixed with water."
An mmsiened note frem the reference glven " M.dS.P, Hay t
" 5, 1908,
defines tre trrm "slickens as follows;

" Slickers is that portior of anslime which packs rnd will
form a bottom in a rumming stresm that will resist scour. In
moderr parlarnce slime has superscded fine and means only Finely
comriirited ore."

Butters anys, " In slirer we fouhd a subatarce M.& S,P,

Aprll 18%8B.,
which ecould not be lepched or *hr»u whick seolutiern would not

percelate but which had tn be seehed by decantation.®




BERFIFITTOR OF ELECTECLITES.

An electrolyte is anyv substance= vhich on geing into sol-

utlon, is subject to lonlc dlseoclaticri.

@XPERIVFNTS ON PURF MINERALS.

An attempt was made at the beginning of the investigation
covered by this thesks to determine the relative differences
in the rate of sudsiderce of partlcles of comminuted ore or
minerals when constituting a pulp of medium density.

The retioc of golid to ligquld taken was 1 to 12, this ratio
being about an average mill pulp sent to the settling vatls.
This average was obtained frem flow shests of milla in various
localities.

The minerales selected for the test were those which could
be obtained in well defined crystals or masses free from gangue
material. The subetances available were galenay sphalerite,

quaktz, calcite, a2nd pyrite.

Thse reduction of the minerals offered the firat problem.

The mathods used were, & power triturating crusher, a battery
of gravity stempa, 3 power muller{and a morter and pestle.

In addition to theae machires which were available it was
advocated that we also try tube mill grinding sirce this machine
is recognized as the most efficient fine grinder.

The ore=dressinec eanipmert of the achool includes no tube
mill hence the constructior of such o machine became & neceesity.

A plece of six inch‘caet iron ego0ll plpe twenty-two iInches log
long wee attached to a face plate which carried a gearing,; the
open end of the tube war then atoppred by a plug operating on a

ghaft which was in *urn surported on a rest attached te the basze.



A small motor wae usgd for powsr, being belter to the pulley
of the gear driving the tube.

Thie machine rave very satiafactory results. The rate of
drive was about thirty revolutiors per minuté. Witk adry
grindine thie device zave a 200 mesh produc~, tke finest screen
at our disposal.

Mr. ¥.P, Boss states that " Aeration in process M.% S, P,

Oct. 1908.
of erughing greatly increases the visual evidence of slimes.,"
He further giveos a case from his own experlence, compatring
the products of stamps with fine grinders, stating that the
stamps produced slimes while Chilean mills produced none at all.

In accordance with this auggecetiorn the steampe were next
utilizeds The morter and screen were made water-tight and the
stamps run without the addition of any more water after the
pulp ked reached the proper consistency for good work.

The trituratinr ecrusher was next employed. It was found
to work well on the calelite but the guatrtz wae toc hard and the
sulphide minarals were 1gnited by the mechanical heat generated.

The muller wworked satisfactorily on all the minerals but
wag too aiow to be of any use other than on small gquantities at
& time.,

The mortar and pestle were occasionally used to reduce the
pulp to the Tinest poassible condltion Tor small guantities for
exrerimental purposes,

Th~ results of the reduction and settling tests are gilven

in the followinge tahles.



Yaphive Tivieral Time Tule Clsaring

e . hra Tmirutern
Tube M11]1 Galensa noo 10

" Sphalerite glalo] 10=12

f Pyrite 000 8-10

" Quartz 1 30

= Calcite ann 20
Stamps Galena nno 10-15

% Sphaelerite noo "

" Pyrite 000 "

. Quartz 1 %0

" Calcite 000 45
Triturating Galena Could not be roduced

Crusher Sphalerite " . . »

" Pyrite ® " * Y

- Quartz g » L "

. Calcite 000 9

The muller ardéd mortar show about the same results aa ths
starmpa but the amall guantities used ocould not be considered
repreascentative.

In the settling teste a 500 cuble centimeter graduated
evlinder was used. The pulp war diluted, thoroughly shaken
and allowed to stand in a good 1liesht. Observatione were taken
ard the rate of settlement noted.

The tabulasted results show that pure metallic or crys-
t=11ire mbénerals do not forn slimes under any conditions of
roduction. That the earthy or crystalline minerals do not
form a true alime as defined in currert literature on the
subjocts That stamp mill reduction tends toward the production
of a material mors nearly resembling slime than any othsr
form of erinding.

The regecn for the rapld rate of subeldence is explained
by the microphotographs in platea l. Z. & 3, These plates show
that the metallic minerals break in angular particles with
sharp edges even when ground to pass 200 mesh. They may be

classed ag Pine sanda and while slime treatment misht be advan-

tararua



tageona, they do not rartake o the naturc of slimwes as far

as concerns speed of settling.

EXPRRIEERTS CN CLAYS,

The previous get of experiments on the metallic end c¢rystallim
minerals led to the work on clays reported below,.

Twe clays of entirely different character were used. The
first one was a fire-clay from the Denver Plre-~Clay Company.

The second a caleareous clay of local origin.

These clays were mixed with water in verying propogtions
Prom 1? to 49 s0lids, mixedm agitated and settled in the same
manner ag in the previons experimente. In nc case was the
soluticn c¢leared in less than 48 hours.

The colloid sppearance of the pulp, the time required for
gattlement end the dense nature of the precipitate all show that
the arrillaceous substance is, in thie instance the cause of
slimes.

Jater of Hvdration.

To determine what sffect the elemination of water of hyd-
ration would have uron the formation of slimes, a serles of
roasting testa were carried out ss follows.

In shallow roasting dishes were placed small quantities
of the wvariocus clays. One set of these samples was then sub-
Jected to a heat of 150 degrees for a veriod of twoe hours.

The other =set of samples was heated Tor a corresponding

lencth of time at 1100 degrees ( Centigrade).

The samples were then weirhed out in 10 gram portions and



placed with 500 cuble centimatora of water in a gradiusnted cylindeyp
shaken and allowsd fc settle. After the coarse portierns of

tha glay had settled out, the rem&ining pulp was allowed to

settle Por four hours snd this substance treated as slime.

The lowsr temperaturc ie aufficient to drive off the water
of hydration =nd the higher the combined water which latter was
efPectuclly acecmplished since the fire clay lost its plas-
ticity.

In both cases an abundance of slimes resulted, the slimes
being heavy, relatinous substance which remained suspended after
48 hours had elapeed.

This sethof results indicates that the Tormation of allmes
is due to mome other cnuaes than water of hydration or combined
wmater.

Blzing Tests.

The dried and burned clays werc next put throush a series
of screens and A a comparlson a sample of the raw clays wase
run similtanecusly. The results are showm in the table below.

After Heating

Yesh Raw Claye to 180 deg,. O to 1100 @.
on 20 Cleer Clear Clear

Cn 40 S1lime . »

on 80 " Slinme "

on £0 n . $1ime
Thru 100 n _ " "

The reaults of tris screen test sugpest that the rroduc-
ticn of slimes is a function of the finenesss of grinding the
clayey meterial of the ores.

TESTS OF ORES.

The ores used were of widely wvarying character in order to
gifferentiata the resulits ng mich re rousible. No attempt to
& TRThar af S¥en mas radp Siter thoe results Tor m niven

F-yn O . = 3 A P T ) i
E ) ko vy ARLY &y alant o ENe she ool 1o = 5]
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Thrae ores ~are used.
(1) An ore from ths Tcirrtake,; 8.Ds mines, A hard pyritic ore

composed of Cupper, Arsenic, Iron, Alumina, Silica. WNo clayey
gangues was present to macroscopic examirnation.

(2) A South NDavota ore, a highly silicious ore containing a
small ouantity of gold, some iron, large quantities of alumina
and sililen,

(2) A manganese ore from Colorado. Contained Manganesem silica,
glumina, iron, copver and lead.

(#) A clayey land ora from the vieinitr of Rolla with lead-
sulphide, clay and beriur sulphate present.

Thege ores were Pirst broken dry to pass 20 mesh, a sample
of 200 grama placed in 800 C.C. of water, well shaken and al-
lowed to settle for four hours. At the expiretion of this time
the solution and suspended metter were siphened off, diied over
a water bath end weirhed. This process was repeated with the
gettl ‘d portion crushine to pacs 40 and 82 mesh in turn. The

reéulta ars here tabulated.,.

_Ore Yesh Tt slimes prdduced.
No.l Thru 20 1.6 gms
" v 49 1.65 "
. " 80 1.8 .
No.2 " 20 2.0 "
2 " 40 248 "
¥ " 80 247 .
¥o0.3 P B0 186 ®
s " 40 1.3 "
¢ " 80 1.8 "
No.# " 2 50 N
" " 40 5.0 o
* " 80 54 "

Here the resulte indicete that tie fineness of reduction
is only of mbnor imrortsnce and that the production of slimes

is & characteristic of arn ore due to some contained substance,



MIOROSCOPTO INVRSTIGATION,

Tith the object of determining the nature of the material
forming slimes in the ores a series of mierosccepic examinations
were made.

A somle of 200 1lines to the millimeter was made by means
of the dividing engine. A drop of the liquid contairning the
suapended material was placed on this scale, allowad to dry
without heating in order to prevent flocculation. The slides
were then plaged under a high power petrograprhical microscope.
The particles were toc small to give any definite results with the
polarizer =2nd the determinafion is only thought to be grains
of silica with possibly some particles of amorphous eliminium-
gllicate. The series of photographs sahown in plates 3,4, & 5
are the results of these examinations.

The partleles as shown by the lines on the ruled scale
vary between 0,002 mm and 0,008 mm and finer.

Prof. Richards, in determining the settling velocdties of
very fine particles in water found that particles as fine as

Transactions
0.00268 mm would descend at a rate of 0.09 mm A, I. ¥, F,

Vol, XXXV
per second and that the rate of descent of such particles
varies ps the square of thelr linesr dimensions. These
particles are then not caused to remain in suspension by their
minute size. That they do remain suspended and that the par-
ticles are not ¢f uniform sizc indicates that there must be

some chemicael or physical change in the suspending medium.

EFFECT O™ ELECTROLYZES.

The next step was the determination of the relative values



of the different electrolytes in aiding the settlement of the
suspended meterial.

Tor this purnose were used only the generally recognized
slime making materials, viz. clay, chlorite =nd talc.

The solide were ground to pass 200 mesh, mixed with water,
agitated 2nd allowed to settle as in the preceding experiments,
The slimes were not washed since it was deslred to obtaln as
heavy a pulp as possilble.

A amnll guantity of polishing rouge was added to the pulp
to give a clearer line of demarcation betwean pulp and clear
solution. Experiment proved that the rourse had no effect on
the settling.

The results of this series of teste are shown in the curves
in plate 8. These curves represent a large number of deter-
minations under identical conditions.

Resu’'ts of experiments of like nature are shown for the
calcareous c¢lay in plate 7.

The first series of curves for the fire clay are falrly
ﬁh;form. The calcarsous clay showed some remsrkable eccen=-
tricities when different conditions were used. CaC, for ex-
emple produced rapld settlement and left a clear solution,
while NaOB acted more slowly but otherwlse equally well.

Alum and HpS04 Pailed to accomplish settlement in 70 hours.
The roasted clay through 100 mesh gave only a small percentage
of slimes which settled so0 rapidly upon the addition of Cal
and NaOF that no curve could be obtained. Alum and sulphuric
acld, however had the same effect as before.

¥ieroscopic Txamination.

The seriea of microphotogrsphs, plates 8 et seq. show the

s N1



10 @
glays both vrevious to and subsequent to the precipitation by
electrolytes. Representative slides were made from a large
number prepared.

The granul#r character of the suspended particles and
the flocculent character of the gsame after precipiltation are well
shown in the photographs,

¥r., H.S.Fichols describes a series of tests on a granitic
clay under verying conditions. Our results so conform to his
in the matter of the effscts of temperature Me & 8P

July,1l1lm, 1905,

that the curves are not presented here.
On the contrary, our results concerning the effect of elec-
trolutes are so greatly contrested with his that it scems only
reasonable to surnose that the chemical composition of the olay
is an importent factor in the use of an slectrolyte.

Cal ir everv instence gave a clearer solution after settle=-
ment, the other electrolytes giving an opralescent appearence
to the supermatant liquid.

Freshly broken samples of talc and chlorite when ground
to pase 200 mesh gave 2 cloudy solution which clesared after a
period of less than two hours or less hence could not be called
slimes nor clessed with the slime making material.

The amounts of electrolyte to be added were determined
after a wide range 6f experiment. The constant amount finally

detarmined was 59 @.C. of 44 solntion.
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CCNCLUSIONS.,

From the forecsoine experiments the following concluaions
are deduced,

(1) That pure metellic or crystalline minerals do not form
slimes under any conditions of reduction.

(2) That neither water of hydration nor water of compo-
aition are resdnsible for the formstion of slimes in a clayey
substance.

() That suspension of fine particles is not due to the
1inear dlmenslons of the particles but to some chemlecal or
phveicrl changn in the suspending medium such as incressed vis-
cosity, denaitx or molecular sttraction.

(4) That the presence of alumina and silica in all the
substances examined and experimented uvron would Iindicrte that
one or both are responsible for the ocourrence of slimes since
thelr rresence probably means the exiztence of clay as & re-
sult of decomposition by weathering. This theory if confirmed
by thé"detion of NaCE according to the well kno'm reaction from

qualitative analysis.

(6) That fine grinding is, in = measure responaible for
slimes since it would set free more of the clayey matrrial.

(6) That no genorel rules for the addition of electro-
lytes may be deduced since en action is not duplicated Iin any
two substances.

(7) That the effect of an electrolyte does not increese
with increase In amount after a certain point, a small percentage

acting as promptly and well as an excesB.
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