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ABSTRACT

This is a report of an investisstion to examine the
feasitllity of using flotatlon as a method for washing slimy
gelatinous precipitates., The preclpitates studied were the
hydroxides of magnesium, nickel, copjer, cadmium, and zinc,
end the hydrous oxides of aluminum, iron, ranganese, chromiumn,
and cobalt. Particular emphasis was placed upon thelflota-
tion and washing properties of gelatinous magnesium and
aluminumn,

Flotation of the preclpitates was accomplished in a
machine designed to csuse flotation by release of dissolved
air. The machine was simllar in principle to the Sveen-
Pedersen Saveall used in the paper industry for white water
clarificaticn,

Oleic acid was found to be effective as a collector
for 811 the precipitates studied with the exception of cupric
hydroxide. Cupric hydroxide was floeated using eosin red dye
as an activetor and emulsified light machine oil as a
collector,

Data are presented to show the reletive efficiency of
several organic acids as collector reagents. The influence
of temperature upon collector efficiency and adherence
during washing was also studied. Results indicate that at
temperatures exceeding 120° F the gelstinous precipitetes of
aluminum and ragnesium may be floated ard washed three times

with no appreciable loss of precipitate,
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CHAPTER I
INTRODUCT ION

The separation, grading, and purification of materials,
is a problem with which engineers and in particular mining
and chemical engineers are frequently confronted. To solve
these problems vast sums are invested annually by many in-
dustries for milling and screening plants, filters, frace
tionation columns, settling basins, and many other types of
separation equipment. The separation and purification of
materials is a primary justification for the employment of
thousands of chemical engineers. There is a continual
search for more effective and economical means for the separ-
ation and purification of materials,

The principal of flotation provides in some industries,
and in particular the mining industry, an effective, and in
many cases, a very efficient means for the separation of
materials, In the mining industry, where this principle 1is
currently finding its primary application, it is being used,
each year, for the concentration of 150,000,000 tons of
non=-ferrous ore in the Western Hemisphere alone.(h)

The application of this principle is no longer limited
to the minerals industry however. The number of materials
separated or concentrated by flotation has, in recent years,
grown rapidly. Such diverse materials as coal, diamonds,
sulfur, collodial oil, peas, seeds, paper mill white water

wastes, dyes, certain bacteria, viruses, many types of



industrial wastes, and sewage are belng separated by flo-

tation.(7) It appears thet the method will come into even
greater use as the horizons of technology and imagination

are extended.

A1l materials which are not chemically inert may
theoretically be concentrated by air flotation from liquids
in which the finely divided materials are suspehded. How=
over, as is often the case, the breach between that which is
theoretlically possible, and that which is at present tech-
nologically feasible, is great.

The primary problesm usually associa‘ed with flotation
s;stems 1s a problem involving surface chemistry. In order
to separate a desired particle by flotation, it 1is necessary
to form on at least a portion of that particle, a surface
which is sufficiently hydrophobic as to cause the pasrticle
to be held at a gas-liquid iqterface. It is often necessary
that similar hydrophobic surfaces be absent from such foreign
particles that are present as impurities., The technique for
bringing about such a condition in the suspended material
being separated is, in essence, the science of flotation.

The flotation technique, now known as gross flotation,
was first demonstrated by the Norwegian engineer, Nils
Pedersen, and patented in the United States in 1921(11).
Pedersen's machine was also patented in Norway in 192l and
in Germany in 1925. Federsen's machine was designed to

recover white water waste from the Fourdrinier machines of



the paper industry. This white water contained suspended
fibers, rosin size, glue, casein, clay, and mineral pig-
ments,

In Pedersen's machine,air at 30-45 p.s.i.g. was dissolved
in the.ﬁhite water suspenslon. After a short time the pres-
sure was released and the air coming out of solution as
myriads of submicroscopic bubbles adsorbed on the surface
of the white water particles,floating them, in a bubble-like
blanket, to the surface of the liquid from whence they were
removed mechanically. Pedersen's development was not
immediately successful.

Pedersen's invention did not prosper until the intro-
duction by Karl Sveen, another Scandinavian engineer, of an
agglomerating material which came to be known as Sveen's
glue. This glue was made from animal glue, rosin si:ze,
alum, and formaldehyde; the formaldehyde serving to prevent
decomposition of the mixture. Sveen glue, when used in
the Pedersen machine, materially aided the flotation process
and the Sveen-Pesdersen Saveall, as it became known, was soon
adopted by the paper industry throughout much of Europe.

The Sveen-Pedersen Saveall was introduced into the
United States in 1937. Two years later, August 17, 1939,

(11) presented a very complete description

Ward D. Harrison
of the commercial operation of the Sveen-Pedersen Saveall
before an assembly of the Technical Association of the Pulp

and Paper Industries. He reported reduction in white water
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solids from 9 pounds to 0.3 pounds per thousagd gallons in
some cases. The utilization of the Svoon-Podersén machiho
is now common in the United States papsr 1ndust?y. Its use
effects a very considor;blo economy in material losses and
avolds resultant stream pollution.

New uses are rapidly being found for the Sveen-Pedersen

Saveall.

Among these new usages are: the removal of oil
from brines and water, recovery of fines from synthetic
rubber polymerizing processes, concentration of citrus
pulp, recovery of soap spills, recovery of fish pro-
tein, hydration of fruit skins, seeds, and stems; re-
moval of emulsified o1l from railroad round house waste
water, removal of carbon from airplane engine cleaning
water, removal of grease from meat packing wastes, re-
moval of solids from beet sugar waste waters, removal
of starch from water, removal of stillage solids from
winery waste water, removal of fines from fermentation
slops, removal of albuminoids from beet and cane S?E?r
solutions, and removal of fine solids from sewage.

Flotation Applied to Problem gg Washing Slimy Preéig;tates

It is necessary in certain processes to filter and
wash the slimy gelatinous precipitates of metallic oxides
or hydroxides. This operation is a very difficult and time
consuming task., Filtration of such precipitates is nec-
essarily costly. Flotation of these précipitatos would
allow simultaneous separation from s@lution and washing
to be combined in one operation. The demonstration of such
a flaotation procedure based on known flotation principles

was a part of the main objective of the present investigation.



Scope of the Investigation

The purpose of this investigation was to examine the
possibility of using the gross flotation technique for the
washing of slimy precipitates of metallic hydroxides and
hydrated metallic oxides. This work involved a study of
the kind and amount of effective collector reagents for the
efficient flotation of such precipitates in a machine de-
signed to effect the release of air dissolved in water sus-
pensions of such precipitates at pressures higher than
atmospheriec.

The gelatinous precipitates of magnesium hydroxide and
hydrated aluminum oxide were chosen for a detailed study;
these materials were considered to be representative of
oxygenated slimy precipitates. Other hydrated metallic oxide
precipitates were shown to be amenable to washing by the

gross flotation technique.



CHAPTER II 6

EXPERINMENTAL EQUIPMENT

The primary item of equipment used in this investigation
was & flotation machine especially designed for the project.
(See Figures 1, 2, and 3).

This machine consisted of a pressure chamber buillt of
standard pyrex glass pipe; this chamber was provided with
an internal sgitator. Air, under pressure, was applied to
the base of the machline and bubbled up through the agitated
suspension. The eir at 80 p.s.i.g. was brought to the
machine through copper tubing. An air filter preceded the
valve regulsting the sir supply to the machine. This filter
prevented the introduction of entrained oil into the pressure
chamber of the machine,

Air pressure in the machine was regulated by means of
a specially built relief valve. (See Figure ). This valve
consisted of a steel ball bearing which rode on a brass
seat; 1t was weighted by means of a lever arm resting upon
it. A sliding weight on the lever arm, held in place by a
set screw, served as a pressure adjustment. During opera-
tion of the machine there was a continual flow of air through
the chamber and contents, since the alr supplied to the
machine was at 80 p.s.i.g., whereas pressure in the chamber

was held constant throughout 211 of the experimental work

at 35 p.s.i.g.



The flotation machine and auxilary equipment.

Figure 2.



Close-up of lower section of flotation machine.

Figure 3.

Notice clarity of water beneath flcated 1layer. The copper
tubing air connection and thermocouple wires are shown here.
The thermos flask containing ice and used as a reference
junction with the potentiometer 1is also evident.
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The internal agitator assembly consisted of a ;" stain-

less steel shaft filtted with four stainless steel impellers
equl-spaced along the shaft, Thae shaft was supported at

the bottom end by a nylon bearing, and at the top end by a
special pressure sealed bearing(S) through which 1t extended
to the outside of the pressure chamber. Cutside, end immed-
iately above the chamber top, tne agitator shaft was support-
ed by a plllow block bearing which prevented the application
of a lateral stress upon the sealed bearing. Tne agltator
shaft was driven through a V-belt connectlion by means of a
hydraullc speed reducer, which was in turn connected by a
V-belt drive to a % h.p. electric motor. The agitator was

driven at approximately 300 R.P.M.

Materials entered the machine through a £" stainless
steel pipe fitted with a 3" stainless steel valve. A funnel
served to direct liquids into the entrance pipe. Liquids
were removed by gravity through a valved 3" stainless steel
pipe at the bottom of the pressure chamber. Both the top
and the bottom of the pressure chamber were sealed by stain-
less steel plates, fitted with rubber gaskets, These plates
held the pipes and the agitator shaft bearings. The pressur-

ized air connection was sttached to the bottom plate. The

Pyrex pipe aluminum flanges were standard size,



CHAF¥TER III 11

FRELIMINARY EXPERIVEZENTAL WORK

Survey of Metallic Hydroxides and Hydrated Oxides

The first work undertaken was s su;vey to detsrmine the
floatability of many of the metals forming hydroxides and
hydrated oxides.(l7) It was found (see Table I) that the
precipitated hydroxides of sluminum, magnesium, manganese,
chromium, cobalt, cadmium, nickel, zinc, and iron coula be
floated using oleic acid a&s a collector. In the case of
iron, 1t was found necessary to add a small quantity of
activated sillca, in order to make the olelc acid an effec- -
tive collector. The hydrous hydroxide of bi-valent copper
was floated with an emulsion of light machine o0il in methanol
after first activating the precipitate with eosin red dye
which 1t adsorbs.(18) The flotation was difficult in this
case,

Flotation Experiments with Digested Bauxite

Attempts were also made to float the residusl red mud
from the digestion of bauxite with caustic. A 50 pound
sample of Suriname bauxite was generously donated for this
work by the Aluminum Company of America,

The digestion was performed in an autoclave according
to directions outlined by Dr. J. W. Newsome, (1) chier
of the Alumina and Chemicals Division, of the Aluminum
Company of America. Several reagents were tried as collec-
tors for the red mud but none of those tried was found to

be effective,
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During all of this preliminary work few measurerents
vere taken of such variables as the quantity of reagent used,
amount of material €floated, or temperature. The purpose of
this phase of the investligation was to determine whether or
not these materials could be floated without undue diffi-
culty, and with moderate reagent usage.

Experimental Variables

The primary experimental variables in this investigation
were expected to be the following:

l. Concentration or total amount of precipitate
2. Type of collector resgent
e Quantity of collector reagent
ﬁ. pH of suspension
5. Air pressure in the chamber
6. Air flow through the chamber
7. Speed of agitator
8., Temperature
9., Manner of releasse of air pressure
10, Manner of addition of reagent
1l. Variations in tap water impurities content

The most Important varlables were expected to be the
first five listed above. However, from the difficulties
experienced in obtaining reproducible results, it became
obvious that many of the significant variables are not listed
above., The metnod of attack on this problem was essentially
to maintain constant &ll known variables, with the excep-
tion of the one beling tested.

The following 1iIs taken from Sutherland and Wark.(ls)
The number of flotation varisbles is large, and
possible combinations of them are almost innumerable.
The investigator must therefore elect to study those

which he considers are most Important. With 1little
data to go on, different experimenters have stressed



|}

the importance of different variables, and as a con-
sequence there is available a considerable amount of
reliable information. It is an unfortunate fact,
however, that many researches have not only been value-
less, but have actusally hindered progress because of
the failure of iInvestigators to design experiments in
which only one factor at a time was varied, or to
demonstrate, by means of control tests, that one

factor alone was responsible for the variations ob-

served,



CHAPTER IV 15

FPEOCEDURE

Usual Procedure Followed in Making Individual Trial Flotation
Tests on Gelatinous Aluminum and Magnesium

The magnesium hydroxide suspension was prepared by
precipitating 9 grams of Mg012.6H20 dissolved in 1500 mls.
of water, with 35 mls. of 28% ammonia. The hydrated alumi-
nurn oxide was prepared in similar fashion, using 9.grams of
A12(Sou),.18H20 dissolved in 1500 c.c. of water, and pre=-
cipitated with 25 mls. of 28% ammonia. From this point on,
the procedure used was the same with both materials.,

The precipitated suspension was placed in the machine
with the aid of a S" funnel., A quantity of collector was
then measured out into a 150 mls. beaker with a pipette
graduated in tenths of a mililiter.

The measured quantity of resgent was then diluted with
100 mls. of warm water and added to the suspension already
in the machine. To ensure that all of the reagent drained
into the suspension, an additional 100 mls. of warm water
was also added to the machine bringing the total volume to
17C0 mls.

The %" valve was then closed and the ball bearing was
put into place on the pop-off valve. Alr was admitted into
the m;chine by completely opening the air line valve. 1In

this manner, a constant flow of alr was obtained.
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The air pressure in the chamber rapidly built up to the
maximum allowed by the pop-off (relief) valve which throughe
cut these experiments was set at 35 p.s.i.g. When this max-
imum pressure was reached the ball bearing was forced off
its seat allowing excess air to escape. In operation,
the sction of the valve was intermittent, but regular, re-
sulting in a sound not unlike that of a distant steam
locomotive running at constant speed.

Immedis tely after opening the air valve, the agitator
motor was switched on, and ninety seconds later a temperature
reading was taken; by means of a potentiometer connected to
a thermocouple placed in a thermocouple well situated at the
base of the machine and extending 2" into the body of the
fluid suspension.

The machine was then allowed to operate for a total
period of ten minutes. The air inlet valve was then closed,
the agitator motor was stopped, and the air pressure allowed
to escape, by lifting, slightly, the weight lever arm on the
pop-off valve. Another temperature reading was then taken,
and the suspension was allowed to settle for ten minutes,
at the end of which time a sample was withdrawn at the bottom,
into a mason jar, which was immediately sealed to prevent
the escape of ammonia from the sample. The escape of ammonia
would have resulted in a change of pH, and consequently a
change in the quantity of precipitate found in the sample

upon analysis. A turbidity measurement was then made upon



17
the sample by mesns of a Coleman(rq Model 1l srectrophotometer
to determine the concentration of the unfloated precipitate.

In this manner the eoffects of the type of reazent used,
resgent quantity, and temperature upon flotation efficiency

were determined,



CHAFTER V 18
EXPERIMENTAL SECTION

Reagents Tested as Collectors

The following (Table II) is a tabulation of reagents
tested as collectors for gelatinous magnesium hydroxide and
gelatinous a2luminum oxide at an average temperature of
115°F.

All of the above reagents were added to suspensions in
the machine as solutions in methanol with the exception of
those marked with an asterlisk. Those marked with an asterisk
were added in water solution. The average temperature in
these runs was IISOF.

The results presented in Table II indicate thaf under
these test conditions Wmt the organic acids were effective
as collectors for magnesium hydroxide and hydrated aluminum
oxide. It was therefore decided to concentrate further
effort upon the determination of the quantity, of those
acids listed in Table II, which would be required for
effective flotation.

Water Emulsions of Oleic and Linoleic Acid

As it was a purpose of this investigation to determine
the feasibility of using repeated flotation and washing as
a means of purifying slimy preclpitates, emulsions of the
collector acids were first used for these tests in preference
to the sodium scaps of the acids, a&as is quite commonly done

in flotation practice, even though the collector would very



TABLE II

Reagents tested as collectors.

Mole-
Reagent Chemical cular
Acids Formula WeIght
Stearic CH3(CH2)16000H 28l N7
Oleic 08517CH:CH(CH2)7coai282.u5
Linoleic C,7H31 COOH 280.4)
Myristic CH3(CH2)IZCOOH 228.36
Lauric CH4(CH,), ,COOH 200,31
10-Undecylenic an:cn(caa)acoon 184.27
Capric CH, (CH, ) g COOH 172.26
Caprylic-n CH4(CH, ) ¢ COOH .21
Caproic=-n CH_(CH_), COOH 116.16
pro 3( Z)h
Other

Stearyl alcohol
Amyl alcohol
Phenol-t
Dodecyl phenol
Cresolx
Diamylene
Pinene

Benzyl-trimethyl-
ammonium hydroxides

“Sodium lauryl sulphate

Potassium amyl xanthate

Melt-

31.5

16
-1.5
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Flotation
“Hesults

Very poor

Excellent
Excellent
Poor

Good

Good in suffice-
ient quantity

Good in suffic-
ient quantity

Did not float

Did not float

" ”n

" n

" L

" n

" "

n "

#Those marked with an 3 were added in water solution.

"

"

"

n

n
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likely only acccunt for a very small percentage of the total
weight, if present as an impurity. This would allow the
acid impurity to be driven out by combustion if the washed
precipitate was subsequently calcined, whereas a sodium
oxide might remain after calcination if a sodium soap of
the acid were used as a collector,

water emulsions of oleic and 1linoleic acid wers pre-
pared by first dissolving a sma2ll quantity of the acid in a
large volume of methanol, and then adding water in small
.quantities with vigorous shaking of the mixture until a
phase inversion occurred, resulting in an smulsion of the
acid in water stabilized by methsnol.

It was found to ke almost impossible to duplicste
the composition of these emulsions, The emulsions were never
stable for any length of time and some acid alwéys floated
to the top upon standing. Some emulsions prepared would
break down almost Immediately and others would sppear to

remain stable for several days.

Turbidlty Determlnation to Measure Flotation Rasults

Due to the large number of determinations which had to
be made throughout this investigation it soon became apparent
that a rapid means of measuring flotation results would have
to bte developed. Attempts were made initilally to filter a
known volume of & sample, taken from beneath the floated
layer, through an asbestos matted Gooch crucible, Hewever

this method of determining unflosted residue was much too
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time consuming due to the selatinous nature of the precipitate.
It was therefore decided to use an indirect method consist-
ing of a turbidity measurement with a Coleman{ Model 1l
spectrophotometer., This was feasible due to the lack of
color of tho.precipitated gels of aluminum and magnesiurn,

The turbidity measurement was made using a tap water
sariple as a reference and assigning to this reference a
value of 100% on the transmittance scale of the spectro-
photometer. Distilled water gave a reading of 103% against
the tap water refersnce. In cases of excellent flotation
1t was not unusual to obtain a value in excess of 102% with
samples tsken from beneath the floated layer. The explana-
tion i1s, of course, that most of the colloidal material
present in the tap water used (having been adsorbed or
trapped by the floc particles) was removed by flotation.(z)

One objectior to this method of analysis was that
obvious differences existed in'the floc particle size de-
pending largely upon the time which the material was allowed
to stand after agitation and also due in part to flotation
conditions. As would be expected, particle size was found
to have a large Influence upon the spectrophotometer reading
obtained with a given sample,

However this difficulty was easlly overcome by the
simple expedient of shaking the cuvette tubes to break up
the flocculated precipitate into finer particles just before

a’spectrophotometer reading was taken, In this manner a
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turblidity reading could, with few exceptions, be duplicated
within reasonsable limits of error. Thorough shaking of the
samples prior to reading the spectrophotometer was therefore
absolutely essential. This was true of both the aluminum
and the magnesium precipitates. It was also necessary to
shake the sample bottles immediately prior to the pouring
of a sample into a cuvette for analysis, to insure that a
representative sample was obtained. All recorded readings
were taken immediately after shaking the samples.

The cuvettes used iIn this work vere standard Coleman
Class B and the wavelength found most suitable was 500 A,
This wavelength was used throughout the tests for both the
magnesium and the aluminum precipitates. Care was taken
to insure that the cuvettes were clean and free of molsture
on the outside, and that they were properly aligned witain
the Instrument before a reading was taken.

After establishing that the turbidity method mizht be
a satisfactory means for measuring the concentration of
unfloated precipitate, it was next necessary to determine
the correlation between per cent transmittance measured
and the actual quantity of suspended precipitate.

This was done by filtering measured volumes of samples,
taken at various transmittance resdings, through weighed
asbestos matted Gooch crucibles. The filtered preciplitate
was oven dried at 100° C for approximately L8 hours and

allowed to cool to room temperature in a desf€cator. The
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Gooch crucibles were then rewelghed and the ratio of weight
to volume filtered was computed.

The results were plotted with per cent transmittance
along the vertical axis and the weight of unfloated pre-
cipitate per 1500 mls. of sample was plotted along the
horizontal axis as shown in Figures 5 and 6. The volume of
1500 mls. was chosen because it was found that the total
volume occupied by the floated material was approximately
. 200 mls. which when subtracted from the total volume of
1700 mls. in the machine, left a volume of 1500 mls., re-
presenting clarified water,

It was anticipated that a determination of the degres
of hydration of the dried precipitate in the Gooch crucibles
might be difficult., It was necessary to know the formula
welght of the dried precipitate in order to calculate the
equivalent amount of suspended material which it represented.

Examination of Figure 5 indicates that the dried pre-

cipltate corresponds quite closely to Al1,0 .3H 0. This

273

conclusion 15 drawn from the fact that 3.3 grams of
Al, 3 3H 0 is equivalent to 9.0 grams of AlZ(SOh) .18H 0

and that the curve corresponds closely to a weight in sus-

pension of 3.3 grams at the no float point of about 10%

transmittance. This result is not precise but is sufficiently

indicative that calculations based upon it should have a‘

fair degree of reliability.
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TABLE III.

Hydrated aluminum oxide transmittance data.

| Weight Weight

mittance “(mls.) (Grams ) (Grams) (Grams)
95 75 0.0092 0.0123 0.19
81 50 0.0261 0.0522 0.78
72 50 0.0L408 0.0816 1.22
62 50 0.0406 0.0813 1.21
55 50 0.0393 0,0786 1.18
50 50 0.0400 0.0800 1.20
L3 50 0.0638 0.1276 1.91
38 50 0.0319 0.0638 0.96

2l 25 0.0L74 0.190 2.8L
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Per Cent
Trans-

mittance
96
90
85
85
83
51
28
11

TABLE IV.

Magnesium hydroxide transmittance data

Weight
Volume Weight of per 100

27

Weight
per 1500

Filtered Precipitate mls.,
(mls.] (Grams ) (Grams)
125 0.0015 0.0012
100 0.0105 0.0105
125 0.0100 0.0080
75 0.0057 0.0076
75 0.,0128 0.0171
50 0.0209 0.0418
25 0.0212 0.0848

50 0.0639 0.1278

mls.
(Grams)

0.018
0.158
0.120
0.11h4
0.192
0.627
1.272
1.917
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The transmittance curve of Figure 6 indicates 2 total
weight equivalent to 2.0 grams at the no float point of
about 10% transmittance. Since 9.0 grams of MgClz.éHZO
is equivalent to 2.58 grams of Mg(OH)2 it is sapparent that
some weight has been lost either by solubility or by partial
dehydration of the Mg(OH)2 to MgO. It is more likely that
most of the welght lost represents a solubility loss since
Mg(OH)2 precipitates at a pH of 10.); and & pH higher than
this was difficult to maintaln with ammonia, due to losses
to the air which passed through the machine during agitation.
Assuming that all the welght loss was due to solubility
and further assuming that all hydrous water was removed by
the oven drying, all calculations will be based upon the
formula Mg(OH)2 and the assumption of 2.0 grams of Mg(OH),
in suspension.

Flotation of Magnesium Hydroxide at 115° F Using an Oleic
Acid Emulsion

Figure 7 shows the flotation results obtained using
an oleic acid ermulsion in floating magnesium hydroxide. The
per cent transmittance measured on the spectrophotometer as
previously described was plotted along the ordinate and the
number of mls, of the oleic acid emulsion was plotted along
the abscissa. The average initial temperature was 117° F.

Figure 8 illustrates the basic data of Figure 7 re-
plotted to indicate the per cent Mg(OH)2 floated as a

function of the weight ratio of oleic acid to Mg(QH)Z.
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Tne date was converted by means of the transmittance curve
for Ng(oM), glven In Fizure 6.

Trhe olelc acid emulsion used had an approximate oleic
ecid concentration of one part acid per two hundred parts
by volume. It was made by the procedure previously de-
scribed, using 5.0 mls. of olelc acid, 300 mls. of methanol,
and with sufficient water to bring the final volume to 1000
mls. It was rniot stable as prevlously noted.

Figure G shows flotation results obtained with an oleic
acid scap solution which was preprasred by dissolving 10 mls.
of oleic acid in 250 mls. of methanol, adding 2.0 grams of
sodium hydroxide, and then adding water slowly and with
mixing untll a final volume of 1000 mle, was reached. A
porticn of this soap sclutiocn was then diluted by mixing
200 mls, of it with 270 mls. of water resulting in a sodiunm
oleate solution containing the equivalent of 1 ml. of olelc
acid in 200 mls,, or one part per two hundred parts by
volume. This sclution was stable as would be expected,

Figure 10 illustrates the basic data of Flgure 9 re-
plotted to indicate the per cent Hn(OR)z floated as a function
of the welghit ratio of oleic acid to MQ(OH)Z. The Cata
was converted by means of the transmittance curve of
Figure 6,

Flgures 11 and 12 show the flotation results §btained
in floating A1203.nH20 with a lauric acld soap prepared by

dfssolving 2.0 grams of lauric acid in 100 mls. of methanol,
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adding 2.0 grams of sodlium hydroxide, and adding water slowly
with mixing antil all of the lauric acid had been saynonified
and a final volume of [,00 mls. was reached. This luuric
ecid sodium soap solution therefore contained 1.0 gram of
lauric acid per 200 mls.

The curve of TFigure 12 1s somewhst rlsleeding #nd re=-
quires explanation. The curve mi-ht be interpreted to
indicate that flotetion improved as the rstic of lauric acid
to Mg(OH)2 decrsased. All the evidence availasble however,
strongly ruggests that the retio of lauric acid %o Mg(QH)Z
floated 1s high when the total amount of lauric acid present
i1s low due to the relatively large solubility of lauric
ecid in the water solution, and that after the solubility
requirenent of lauric acid in water lLas becn satisifed the
behavior is analogous to that of oleic acid as shown in
Filgure 1C., In toth cases & maXximum of flotation is indicated
st deflinite reagent concentretions,

Figures 13 and 1l show the flotation results obtained
in floating Mg(OH)2 with the same lauric acid soap used in
floating the A1203.mH20 of Figures 11 &nd 1l2.

Effect of Temperature on Efficiency of Collector

Figure 15 shows the effect of varying temperature upon
the flotation of Mg(OH)a using the same emulsion used pre-
viously in obtaining the curves of Figures 7 and 8 for the

flotation of Mg(OH)Z. The effectiveness of 5.0 mls. of the
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TABLE IX,.

Effect of temperature on flotation of Mg(CE), using 5.0 mls,
of an oleic acid emulsion containing approximately 1.0 ml.
oleic acid per 200 mls,

ITnitial
T mar Mgu. o
(SN mittance T{Grams) Floated
116 77 1.77 88.5
128 90.5 1.92 96.0
Uy 96.5 1.97 98.5

15} 99.6 1.99 99.5
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ermulsion was determined at several different tempercstures
and as Figures 17 and 185 indicete the varjation cf collector
efficilency with temperature 1is great.

A corresponding temperature effect 1s shown in Figure
17 in floating hydrated aluminum oxide using the same sodium
sogp solutlon of oleic acid es was used in obtaining the
curves of Figures 9 and 10 for xg(OH)Z. The preparation
of this olelic acid soap solution has been previously de-
ecribed. Shown also in Figure 17 is a similar curve obtalned
with a linoleic ecid sodium soap solution prepared in
exactly the same manner as the previously described oleic
ecid soap solution was prepared. The results are shown on
the same plot for comparative purposes,

Repeated Flotation and Washing of the Alumlnum Cxide and
Magnesium Hydroxide Frecipitates

Washing of the aluminum and magnesium precipltstes was
accomplished by the following stepwise procedure:

1. The suspended precipitate was first floated in the
usual manner,

2. One-half of the total volume, or 850 mls., of the
water layer beneath the floated material was then
dralned out of the machine.

3. An equal quantity (850 mls.) of fresh water was
then added to the machine. (In the case of Mg(ﬂu)
an additional 20 mls. of 28% ammonia was also
ad.ljed to maintain pH above 10.l).

L. The material was then refloated in the usual manner
using a ten minute agitation and a ten minute
settling period to complete the cycle,
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TABLE X.

Effect of temperature on flotation of .gelatinous aluminum
oxide using 0.6 mls. of oleic acid soap containing one part
per 200 parts by volume.

T mittance (Grams) Floated
(n 62 1.90 57.6
75 57 1.70 51.5
95 71 2.23 67.6
95 7l 2.35 71.2
102 70 2.20 66.7
104 67 2.07 62.8
116 92 3.00 90.8
116 95 3.12 9.5
121 100 3.30 100.0

126 102 3.30 100.0
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TABLE XI,

Effect of temperature on flotation of gelatinous aluminum
oxide using 0.6 mls. of linoleic acid soap containing one
part per 200 parts by volume,

[N mittance (Grams) Floated
72 72 2.25 68.2
91 81 2.60 78.7
93 h 2.35 71.2
9L 91 2.98 90.3

102 91 2.98 90.32
113 90 2.95 89.4
118 92 3.00 90.8
123 96 3.15 95.4.
126 97 3.17 96.0
127 98 3.23 97.8

1% 99.5 3.28 99 .4
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The curves of Figures 18 and 19 were obtained by
sampling the lower water layer which was removed in Step 2
of the previously listed procedure. Test condltions for
each curve, as marked, are gilven in Tebles XII and XIII.

Notice the nearly parallel behavior of oleic acid as
compared with linoleic acid and also how much better the
collector film adheres to the magnesium precipitate as
compared to the aluminum precipitate., Notlce also the poor
edherence of the lauric acid collector in both aluminum and
magnesium flotation and that hest results were obtained by
heating the solutions before flotation. By running at
higher temperatures, excellent flotation was assured with a
near minimum of collector.

The dip indicated in the curves shown in Figures 18
and 19 suggest that possibly the first washing caused

particles with collector deficiencles to drop out.
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CHaFTek VI

DISCUSSION

Laioo

Rubble Attachment

The method of gross flotaetion as used in this work was
different from the usual mineral froth flctstion in that
bubble attachment was the result, almost exclusively, of gas
precipitation upon the surface of the flosted particles,

In the usual froth flotaticn of minersl particles, bubble
attachment is the result primarily of collision between the
bubble ard minerel particles in the agitated suspensicn.(e)
In such a cystem 1t cen be shown that as particle size 1is
reduced the chances for successful bubble-particle encounter
become much less., £As a consequence, systems containing very
small perticles are floated with difficulty.

Surprising as it might seew, very small nerticles are
also difficult to float using the gas precinitation method,
cs it was used in these experiments. For exs~ple, exreriments
with the flotation of CaCOB and dried A1203.nH20 using
linoleic acid scap as collector snowed thet the material
could net te completely fleated even taoush an excess of
collecter was used ard it was run at a high temnerature.

These meturials, CeCOB ard A12O,.nH20 (dried), showed
a marked difference in their floateblility as compeared with
thie previous gelatincus précipitates. The best rcsults
vhich could be obtalned resulted In a troansmittarnce rcecading

of 87% in the case of drie A1203.nH20. Jimilar results
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were obtainsd with CaCOB. It was obtserved in these cases that
there was no appreclable flocculation and that many very fine
perticles remained in suspension upon release of the air
cressure., It thus appears that flocculstion is very essential
to the gross flotation method.

Unfortunately the methcd of gross flotation is non-
selective., All foreign material particles in the suspension
which are not too heavy or dense are flcated either by
direct collector activity or indirectly by becoming rtrapped
or adsorbed by the straining action cf the flcating floc.(z)

Bubbles are attached to the relatively larpge floc
particles in cross flotation, wherseas in mineral [lotation

the particles are attached to relatively large bubbles,

These differences are i1llustrated below In Figure 20.

Relative ITfficiency of Some Organic Acids as Ccllectors

It appears, from the results given in Tatle II, that
there are two primery factors to be considered in selecting
a stralght chain organlc acid as a collector for the oxygeneted
metals; they are melting point and solubility.

The melting point of the acid determines, to a large
extent, its dispersibility in solution whereas its solubility
determines the quantity of the acid required. A4 more soiuble
acid is not 30 effective probably because the film which it
forms 1s not so hydrophobtic in comparison to films formed
by the less soluble acids, and in addition more of the acid
is necessary to satisfy the solubility rcquiremerts within

the body of the fluid.
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Keck and Jasberg(lz) found from thelr studles on the
flotative properties of magnetite, that with the saturated
fatty acids valeric, caprolc, caprylic, and stearic, flo-
tation increased with the number of carbon atoms. 'Oleic
acid was found to be a better collector than saturated
stearic acid. They suggest that the inferiority of stearic
acid was due to 1ts lack of dispersion.(IB) The results
of Table II are in agreement with this suggestion. In
Table II laurilc acid was the last saturated as11 in the
series of increasing number of carbon atoms which had a
low enough melting point to be sufficiently dispersible at
115° F to be effective as a collector ét that tempersture.
However from the standpoint of quantity, lauric acid was
only sbout one-tenth as effective as unsaturated oleic or
unsaturated linolelc acid, due most probably to its greater
s8olubility. This may be seen from a comparison of Figures
9 and 13.

It is interesting to note that at temperatures above
115° F oleic acid is equal to or superior to linoleic acid
as-a collector according to the results of Figure 17. The
oleic acld film 1s probably more effective at higher temper-
atures because 1t 1s more hydrophobic. At temperatures below
115° 1inoleic acid is more effective as compared to oleic
acid at the same temperature; linoleic acid appears to be
more readily dispersed then is oleic acid. This increased

effectiveness of linoleic acid may be due to its chemical
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constitution, or those physical properties which allow it
to be more easily dispersed.

According to Gaudin(g)

In practice where a carboxylic acld or 1ts soap is
required for collection, unsaturated acids such as olesic
acid are preferred., The preference for unsaturated
fatty acids has led to the search for cheap sources of
miltiply unsaturated fatty acids such as those of corn
oll, cottonseed 01l and fish o0il foots. It is believed
that these fatty aclds have greater solucility 1In water
and a lower melting poirt than saturated fatty acids
with hydrocarbon chains of equivalent length.

That unsaturated acids are more effective than szturated
acids may well be some function of their solubility. However,
on the basls of these findings 1t iIs evldent that solubility
1s a detriment to collector efficiency. It therefors appears
that the effectiveness of the unsaturated acids such as oleic
or linoleic acids rmust be explained in some other manner.

In some Instances the —ultiply unsatura*ted acids are
readily oxidized. To determine whether or not oxidation
during flotation with oleic acid was responsible for its

(6)

hizh efficiency as a collector, Gaudin and Cole floated

fluorite with highly refined clsic acid, extracted the [loated
minerel with solvents for oleic scid efter inoxidative gentle
acidification, and examined the extructs for the presence

or absence of double bonds, They concluded that cleic acid
was unchanged, even when the mineral which 1t costed was
floated repeatedly, thst linolelc acld which has two non-

conjugated double bonds, was not effected appreciably more

than oleic acid, but that linolenic acld (three non-conjugated
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bonds) was measurably eltered, oeven after one single flotation
step. They concluded that the extraordinary utility of these
reagents 1s related to some property of the compounds other
than the oxidizability of their double bonds.

(10)

The recent work of Hackerman and Makrides suggests
and supports another explanation for the superior results
obtained with unsaturated acids., The only real difference
between a saturated acld such as stearic acid and unsaturated
acids such as oleic and linolsic acids is their comparative
hydrogen deficlency. From the chemlsorption viewpoint an
unsaturated double bond possesses an extra pasir of sharable
electrons, The sharing of these electrons with positively
charged surface atoms might well explain the greater
efficlency of the unsaturated organic acids as flotation
reagents,
Frothing

As has been suggested previously gross flotation 1is
somewhat different from the usual froth flotation in the
manner of bubble attachment as illustrated in Figure 20.
The presence of excess froth iIs completely unnecessary in
thils type of flotation. It was observed that the degree
of frothing of the aglitated suspension with s2dded collector
was in no way directly related to the final flotation results
obtained. The spnsarance of froth even with a collector
such as olelic acid did not necessarily guarantee good final
results, whereas good results were often obtained with a

minimum of froth.
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Frothing 1s related to the concentration of a pctential
frother in the solution as compared with its concentration
et the gas-liquid interface. This relation is expressed by
the Gibbs equatlion given hersc, which relates the two
concentration factors to the rate of change of surface
tension with concentration in the bulk of tne fluid.

Gibks ecuation:

- =C d
[ =% %

Wheré /"

difference in concentration between bulk of
l11quid and concentration at gas liquid
interface

concentration in bulk of liquid

surface tension

gas constant

R~ R~
u

temperature
(Note: for greater precision activities should be used
in place of the concentration factors iIn the above
equation.)

If the rate of change of surface tension with respect
to concentration is negative, then /ﬂ is positive and surface
tension is lowered with increasing concentration of material
in the bulk of the fluid. Such a decrease in surface ten-
sion makes a froth or foam more stable, thermodynamically
speaking, since less energy is required for an extension of
the surface.

Generally, organic substances which are only slightly
soluble are positively or preferentially adsorbed at the

surface whereas inorganic salts are negatively adsorbed.
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Organic substances which have both a hydrophobic portion
and a polar nydrophylic portion in their molecules are often
good frothing agents. LExamples of such materials are pire
olls, cresylic acid, and certaln =synthetic alcohonls. The
organic acids used in this work also acted as frothing agents.

When the minimum of the organiec acid required for
effective flotation was used, very little frothing was evi-
dent durlng scgitation. Tie floated material gave the
appearance of tne usual froth as observed in traditional
mineral flotation and only closer examination would reveal
any distinction between the two types of flotation. The
distinctlion is merely one of structure of the froth or bubble
attachment as shown in Figure 20. Gross flotation, although
different from the standpoint of bubble attuchment, is,
strictly speaking, a froth flotation.
PH as a Variable

Consideration has to be given to the effect of pH in
almost every flotatlion system. 1In soms systems 1t has been
found that the difference between float and non-float is
merely a matter of one p! unit whereas in other systems the
range may be as great as six pH units.(lé)

pH was not studied in this 1investligation primarily due
to the solubility sensitivity of the materials to pH changes.
The solubility consideration presented an obstacle to such
a study since the retihhod of analysis depended upron the

assumption of constant concentration of the raterial being
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floated. To overcome this solubility obstacle different
methods of analysis would nave been required.

It 1s quite likely, that for the flotation of the
aluminum rrecipitate, that a pH of about 7.0 would have
been found to be optimum. Deshpande and Bhat(B) found that
a pHl of seven was optimum for the flotation of alumina and

Harrison(ll)

reported a pH of about seven as belng optimum
for the flotation of white water in which gelatinous aluminum
floc was one of the principal constituents floated.

Alr Flow Through the Chamber

No attempt was made to regulate air flow through the
agitated suspension but it was kept as constant as slight
variations of the tuilding's air supply would allow by
opening the alr inlet valve completely during all tests. It
is felt that the total air flow was probably only important

to the extent that it affected agitation of the suspension.

Air Pressure in the Chamber

Air pressure in the chamber was kept constant at 35
P.S.i.g. 1In order that other previously discussed effects

(11)

could be studled. IHHarrison glves the curve shown in
figure 21 for the relation tetween alr pressure and per cent
effliciency for the flotation of paper mill white water. It
seems quite likely, in view of the fact that aluminum floc
vwss one of the princlpal constituterts of the white water

system, for which this curve 1s given, that this relation

should also hold quite closely for the system of gelatinous
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aluminum used in these experiments. It would not be sur-
prising to find that the same curve also predicted results
for the flotation of gelatinous magnesium.

Relesase gg Alr Pressure

From observation of the suspension upon release of air
pressure from the machine, 1t appeared that the results
were not appreciably affected by the manher of release pro-
vided the release was not too violent or too slow. If the
release was too rapid it appeared that much air escaped
without effect due to violent agitation of the suspension
after some of the gas had already precipitated upon the
surface of particles, in which case the bubbles were broken
loose and floated free. When the release of air pressure
was too slow, a somewhat similar effect was evident, due
to turbulence introduced by air escaping from the air tube
entering the chamber at the bottom. Both of these diffi-
culties were atsent when alr release was gradual but not
too slow,
Agitation

Agitation was constant throughout these experiments,
The flotation machine was equipped with a hydraulic variable
speed reducer, but this was run at maximum speed at all
times. A variation of agitator speed may have had an effect
upon flotation results, especially in view of the assumed

importance of dispersion to collector efficiency.
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~Time of agltatlion was kept constant at ten minutes.
Both the speed of the agitator and the time of agitation
may have reasonably had some bearing on the size of the floc
which resulted, as well as upon the degree of dispersion of
the collector. It was observed that a finer floc floated

more readily than a course floc,

Washing the Precipitates

The procedure for repeated flotation and washing of the
precipitate has been given previously and will not be re-
peated here.

The previous data shown in Figures 18 and 19 and
tabulated in Tables XII and XIII indicate, the best results
were obtained when the materials were floated at higher
temperatures. When higher temperatures were used the loss
of preciplitate was held at its lowest level. Unfortunately
the cost of heat is high and quite probably would preclude
the use of heat in most commercial applicatlions of this
principle.

Examination of Figures 7, 9, 11, 13, and 15 indicate
that in some cases the highest efficiencies are not attained
even with excess collector at temperatures lower than 120°.
tdherence of the collector film is poor at these lower
temperatures,

The contamination caused by an adhering acid film such
as oleic acid or linoleic acid would amount to approximately

0.09% in the case of gelatinous magnesium calculated as
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Mg(OH)2 and approximately 0.11% in the case of gelatinous
A1203.nH20 calculated ses A1203.3H20. Such a slizht impurity
would very likely bte tolerable in most instances. An adher-
ing acid film coulcd of course bte destroyed by calcination.
Even 1in cases where it was found desirable to use the sodium
soap of the acids as collectors no appreciable sodinm should
interfere since 1t ssems reasonable that only the collector
znion is re=ponsible for film formation.

Gross flotation precludes the selimination of insoluble
impurities by this washing procedure due to the non-specific
nature of the ;;ross flotatlon method. OCnly soluble impurities
would be eliminated by such a procedure of reveated flotation
and washing. It may be found possible to eliminate some
impuritles by proper control of pH to render them soluble,.

This could bte a subject for further investigation.

Hardness of Yater and Its Effect Unon Results

A typilcal analysis of the tap water used in these ex-
periments 1s given in Table XIV. It is evident that there
is an eppreciable amount of hardness due to the presence
of catt Mg*‘. This total hardness amounted to 339.0 parts
per million es CaCO3.

The Mg** and Ca** ions were both precipitated almost
conmpletely under the conditions of these tests, A turbidity
of 74# was measured wnen the pH, of 1500 mls. of the tap
water used in these experiments, was raised to 10.5 by the

addition of 20 mls. of 28% amrmonia,
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Assuming all of the calcium and magnesium was pre-
cipitated, a simple calculation showed that 339 parts per
million of CaC04 was equivalent to 0.345 grams per 1700
mls. as Mg(OH)z.

Since it was known that C4303 and MgCO3 also floated
under these test conditions it could only be concluded that
interference by these materials, in this investigation,
was significant. In spite of such interference it was
decided to continue the use of tap water due to the difficulty
of obtaining sufficient quantities of distilled water for

these experiments.
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TABLE XIV.

Analysis of service water supplied to buildings on the north
campus of Michigan State Universitis This is a typical

analysis.(
P.P.M., CaCO3 Equivalent
Silica 9.6
Iron 0.3
Calcium 221.,0
Magnesium 118.0
Sodiunm ' 18.8
Fotassium 1.6
Manganese 0
Carbonate 0]
Bicarbonate 384.0
Sulfate 32.6
Chloride 8.6
Fluoride De2
Nitrate 1.4

Total Hardness as Ca003 339,0
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CHAPTzR VII 70
CONCLUSIONS

A machine, similar in principle to the Sveen-Pedersen
Saveall, was shown to be an efficient device for the

flotation of slimy gelatinous precipitates.

Oleic and linolelc acids are excellent collectors for

many slimy gelatinous metallic precipitates.

’

The efficiency of the organic acids as collectors for
these precipitates was shown to be temperature

dependent.

Repeated flotation and washing of the gelatinous pre-
cipitates of aluminum and magnesium was possible
without the addition of more reagent at each flotation

step.

It was found possible to float and wash the gelatinous
precipitates of aluminum and magnesium three times

without appreciable loss of the precipitates provided
a temperature exceeding 1202 F was used in the initial

flotation s tep.
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