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Preface

Most 1nvestigators in flotation research, when studying
the contact angles on reagent coated minerals, assume that a
monomolecular layer of the collector "plates out" on the
mineral surface 1f 1t is conditioned in a solution of the
desired collector. Little mention is made of the fact that
there might be more than a monomolecular layer, or possibly
less. It 1s true that the surface is altered as shown by the
change in the contact angle before and after treatment. This
research was done in the hope that some proof or other en-
lightenmment might come from an investigation of these
molecular layers and there nature on a mineral surface.

It was the author's privédlege a few years ago to wit-
ness & lecture-demonstration by Dr. Kathryn Blodgett on the
application of monomolecular films to a glass surface. The
posslbility immediately presénted 1tself that this might be
a good method of checking the original hypotheses, namely,
that of there being a monomolecular layer of collector on
a mineral surface. Sometime later, 1t was observed in the
flotation mill of the National Lead Company, Titenium Div-
ision, Téhawus, New York, that excessive amounts of oleilc
acid in the flotation circuit would "poison" the pulp to
a point where recovery of the desired mineral was lmpaired.
This phenomenon suggested that, possibly, a di-molecular
layer was being formed on the mineral resulting in a polar

outer surface instead of the desirable non-polar, air avid
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surface.

With these observations 1n mind, a research topic was
evolved concerning the general nature of these coatlngs and
how they "appeared" on the mineral surface. Four techniques
of attack presented themselves: (1) X-ray diffraction studies
of these films; (2) Electron diffraction studles of the films;
(3) Heat of reaction between reagent and mineral surface;

(4) Pilm transference and ultimate contact angle measurement
of the trasferred films.

The X~ray technigue was abandoned when it was found that
the penetrating power of the X-ray was too great to obtain a
clear plcture of these thin films.

The electron diffraction method offered a good possib-
ility. Dr. N. S. Gingrich of the University of Missouri,
Columbia, Missouri, confirmed the supposition that a diffrac-
tion picture could be made of a thin flilm, but stated that
there would be no way of interpreting such pictures with our
present knowledge. Furthermore, the work would have to have
been done at Columbla where the electron diffraction instru-
ment is avallable.

Measuring the heat of reaction of the collector "absorb-
ing" on the mineral surface would have necessitated the build-
ing and calibration of an extremely sensitlive calorimeter which
would have left 1little 1if any time for experimental work.

Thus, the film depositlon technique was adopted as the
most plausible method of attacking the problem. The useful-
ness of this technlique may seem vague, even though it is a

better way of discovering more about the coated surface



with which the researcher deals.
The author wishes to express his gratitude to Professor
A. Legsdin, thesls supervisor, for his aid and helpful sug-

gestlons while carrying out the work.
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Introduction

The purpose of thils research was to show the nature of
olelc acid on quartz mineral by transferring calcium oleate
films, known to be monomolecular and of a definite orienta=-
tlon, to the surface of a piece of quartgz, and measuring the
resulting coated mineral by contact angle technique.

If a contact angle could be shown to exist for a mono=-
molecular layer of collector on & mineral surface, 1t could
then be coneluded that flotation could take place with only
enough collector to form a monolayer. On the other hand, if
& di-molecular layer showed no tendency to form a contact
angle, we could oconclude that too much reagent would be
equally as ineffective as too little reagent.

Chemists have long been familiar with oil films on
water and the pressures they exert. The literature hasas
many examples where the chemist has measured this spresding
force of floating oile and other organie liquids. Dr.
Irving Langmuir, who has done some extensive work 1in this
field, found that there were a large number of olls and
fates which spread out to form extremely thin films ?f the
: 1)

order of 10—7 cem in thickness when placed on water.

(1) Langmuir, I., Fundamental Properties of Solids and
Liquids, J. Am. Chem. Soc., Vol. 39, p. 1863, (1917)

It was found that the general characteristics of all such

substances 1s that they contain in their molecules certailn
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groups which have an affinity for water and are therefore
called hydrophilic. The most common of these groups 1s the
-0H group or the «-COOH group. If such a group 1s substi-
tuted for one of the hydrogen atoms in the molecules of a
pure hydrocarbon, the effect is to increase the solubility
of the substance in water.

Langmuir reasoned that the substances that spread as
thin films upon water, are substances whose molecules pos-
segs a composlite structure wlth most of the molecule having
little affinity for water, thus being hydrophoblie, whereas,
another portion of the molecular surface 1s hydrophiliec.

By spreading on the water surface, the molecules are able
to arrange themselves so that the hydrophilie pertion of
each molecule comes into contact with water without bringe
ing the hydrophoble portion into contact with water. 1In
most of the fatty acids the =-COOH group is at the end of a
long hydrocarbon chaln. Thus, when the molecules spread
over the water surface they become arranged on the water
with the heads (hydrophilic groups) in the water and their
talls (hydrophobic groups) packed side by side above the
layer that contains the heads.

Because of the affinity of the hydrocarbon partas of
the molecules for each other, the molecules spread out on
the surface of the water Just enough to enable thelr heads
to come in contact with the water. By measuring the volume
of 01l required to form a monomolecular film covering a
glven area, experimenters have been able to cslculate the

thicknees of the film. The experimenters assumed this



thickness to be the length of the molecules since these are
arranged approximately vertically in the film. The cross-
gsectlional area of each molecule was calculated by knowing
the number of moleculee on the surface and measuring the
area to which the film spread.

Through using thls slmple technique, experimenters have
been able to calculate the shapes of many molecules of this
type.

Langmuir found through his experimente that the area of
a monomolecular film decreases elastically with applied force

2
until it reaches a yield point at which the film crumples.( )

(2) Langmuir, I., Two Dimensional Gases, Liquids, and Solids.,
Seience, Vol. 84, p. 379, (1936)

The area decreases considerably with slight additions of foroe
as the crumpled monomolecular film begins to form a double
layer. With some films he achleved a second elastic range
where, presumably, the double layer was being compressed to
2 yield point. The compression strength of a multlilayer was
not as great as that of a monomolecular film due to the com-
Plexity of bonding forces present in multilayer films.
Langmuir found the orumpling force for & single layer

(3)

of oleic acid to be about 36 dynes/ecm. As the number of

(3) Langmuir, I., Fundamental Properties of Solids and Liquids,
Je. Am. chemo SOC., Vol. 39’ P 1865, (1917)

double bonds in the carbon chain is increased, the required

compressive force 1s increased due, probably, to the adherence



of the more active chain to the water surface. The more
active parts of the chain also decrease the ultimate com-
presslve strength of their monomolecular films proportionally.

4
Langmuir( ) showed, in 1919, that a monomolecular oil

(4) Langmuir, I., Mechanism of Surface Phenomena of Flotation,

Trans. Farad. Soc., Vol. 15, p. 62, (1920)

film could be deposited on a solid surface by dipping the
80114 beneath a water surface covered with a compressed
monomolecular film and withdrawing the solild slowly. After
the water peeled away from the solid surface, or evaporated,
the o0ll film was left on the solid, with the molecules in the
film retaining the orientation which they had on water.

This method has been developed further for depositing

fatty acids on glass.(5) The most satisfactory experimental

(5) Langmuir, I., Fundamental Properties of Solids end Liquids,
Je Am. Chemo Soc-’ Vol. 39, Pe 1879’ (1917)

procedure is that, in which water peels completely off the
glass as the glass 1s withdrawn from the water-bath. This
occurs when molecules of the fatty acid, which are spread
on the water surface, leave the water and attach themselves
to the edges of the glass sllde as soon as one end of the
8llde emerges from the bath. Water then peels away from

this ocoated area, and as the water recedes, the oil film

86ats new areas until all the water 1is displaced.



Films which attach themselves to glass in the manner
Just described are formed only under speclal conditions.
Fatty aclids form these filimms if the film on the water sur-
face 1s under surface pressure and the water-bath 1s alightly
baslic. Stearic acld gives excellent results used on an alka=-
line water-bath at a surface pressure of 20 dynes/ cm.

Btearic acid may be deposited in successive layers, with

the layers of odd number oriented with the -CH_, groups away

3

from glass, and the layers of even number with the -CH_, groups

toward the glass. The former orientation occurs when ;lass is
raised through an 01l film spread on water, and the latter when
glags coated with a glass-adhering layer is lowered slowly
through a similar film. As the glass 18 lowered, the film on
the water surface attaches itself tightly to the slide, but
since water makes a contact angle of approximately 90° with a
coated slide, the film 1a turned upside down as the slide car-
ries it down into the water. The phenomenon 1s strikling when
the motion of the film is observed by means of scattered tale
particles. Blodgett has been able to deposit up to 300 layers
on glaas very easily by ueing this technique.

Films deposited on glass with the molecules oriented so

that only «0H_ groupe are exposed at the upper surface form

3 (6)

a surface which water and oils will not wet. Films

(6) Blodgett, XK. B., Deposition of Succeasive Monomolecular
Layers, J. Am. Chem. Soc., Vol. 57, p. 1008, (1935)

oriented in the opposite direction with all -COOH groups



on the outer surface are completely wetted by water.

In this work, an attempt was made to use and apply
Blodgett's technigue in the deposition of monomolecular
films of calcium oleate onto a quartz surface. In the
fleld of mineral flotation, several experimenters have
made the hypothesis that quartz will not float using soap
unless the surface of the quartz mineral is first activated
with multievalent cations such as calcium, magnesium, alum-

inum, copper, iron, lead, eto.(7) If this be so, and all

(7) Gaudin, A. M. and Rizo-Patron, A., The Mechanism of
Activation in Flotation, Mining Technology, May, 1942

experimental evidence leads one to bellieve that it 1ls so,
a fllm of calcocium oleate transferred to a quartz surface
would have properties very similar to those of floatable
quartz in a flotation machine, with one exception. The
transferred film would have a known orientation on the
quartz surface and, possibly, a known area concentration.
In order to evaluate the surface, contact angle measure~

ments would be made of single and multi-layered films.



Apparatus and Equipment

For the film deposition work a trough as described by

8
Blodgett( ) wag made from an aluminum cake pan coated on the

(8) Blodgett, K. B., op.cit., p. 1010

inslde with a thick laysr of paraffin. The paraffin was
necegsary to keep aluminum lons from getting into solution
and also to aild in the formation of a convex meniscus where
the surface of the water touched the side of the pan. A waxed
thread was placed across the center of the trough as suggested
by Blodgett to keep the transfer film away from the o0ll used
to maintaln a constant pressure. Films were transferred by
this apparatus and measured, although the method seemed to be
crudee.

A Cenco Hydrophil Balance (Fig. 1) was borrowed from the
Chemistry Department of the Miseourl School of Mines and Metal~-
lurgy and put into use. This apparatus 1s expressly designed
for film pressure work and was much more amenable to the
delicate work of tranaferring films.

The balance is made with fine halrs supporting the
stationary barrier and strips of platinum folil sealing the
spaces between the ends of the barrler and the sides of the
trough. This arrangement was found unsatisfactory from the

start and minor alterations were made in the instrument. The
platinum foil was replaced by waxed halrs cemented on with

Duco Cement. This arrangement was found satlisfactory for the

prevention of leakage of the film around the ends of the
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Figure 1

Figure 2



stationary barrier, but the hairs would frequently break
or the cement would not hold, and a great deal of time was
consumed in merely keeping the apparatus in running order.
The waxed halrs were finally discarded and waxed thread used
in their place. The thread was satisfactory as far as the
film work was concerned,and it was more substantial so that
several tests could be made without repairing the balance.

A dipping apparatue (Fig. 1) was made using a rack and
pinion device to ralse and lower the slilde through the com-
pressed film. For holding the quartz slide, a saddle of
very fine stainless steel wire was made (Fig. 2).

Contact angles were measured in a conventional bubble

machine as described by Taggart.(g) Acouracy was sufficlent

(9) Taggart, A. F., Handbook of Mineral Dressing, pp.19-176,
Wiley and Sons, (1945)

to permit contact angle measurements to be made within one

half of one degree.



Materials and Reagents

The oleiec acld used in the experiments was Eastman
Kodak Technlcal grade. This acld was of a clear, 1light
amber color.

The astearic acid used was U.8.P. grade. This acild
was in the form of white flakes.

The benzene used to make the dilute solutions of the
fatty acids was U.S8.P. grade.

A quartz crystal was cut and ground to dimensions 3.20
em. long, 1.35 em. wide, and 0.20 cm. thick. This gave a
final surface area of 10.46 square centimeters. The final
polish was done on a cloth wheel using alumina for an abra-
give.

Tap water was used in all cases except where otherwlse
stated. The pH of the tap water varied between 7.65=T.7.
The tap water furnished an abundant supply of calcium and
magnesium ions with which the olelc acid formed the res-
pective hard water soaps. Inasmuch ag calcium ion was the
mogt abundant 1on in the tap water, the films are called

calcium oleate films in the discussion to follow.

10



Procedure

Initial work was done in trying to duplicate the tech~

0
nique of Dr. Blodgett(l )by depositing calclium oleate filma

(10) Blodgett, K. B., op.cit., p. 1010

onto a glass surface from the aluminum trough. A waxed
thread was placed slack acrose the clean water surface and
benzene solutions of oleic and stearic acids were placed

on either side of the thread. A glass slide was passed
through the calcium oleate £ilm and e film was deposited.
Contacf angles were measured on this surface. It was later
found that muech more than a monolayer was floating on the
water when deposition was made. 8Since more than a monolayer
was deposited, the measurementse were invalid. It was thought
that the teochnique was faulty and so this method of film
tranafer was given up in favor of using the Cenco Hydrophil
Balance. It 1s believed now that this method, if conducted
correotly, possibly, 1s superior to the Hydrophil Balance
method.

After obtaining and standardizing the Hydrophil Balance,
experiments were begun to find the force required to crumple
a monomolecular film of calcium oleate on water. Inconsls-
tent values were obtailned at first, but as skill developed
crumpling pressures averaged between 27.5 and 32.5 dynea/cm
(Fig. 3). This compared favorably with 36 dynea/cm as glven

in the 11terature$11)

(11) Langmuir, I., op.cit., p. 1879
11
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If a monomolecular film crumpled at pressures above
275 dynes/cm, all £ilm transfer work would have to be done
at pressures of 20 to 25 dynes/ em. With this in mind, an
attempt was made to transfer a film to the surface of the
quartz slide. The trough was filled with water and the sur-
face was swept clean with chromium plated rods. The quartz slide,
after being. cléansed. in hot ocleaning solution, was placed
in a stalnless steel wire saddle and then immersed in the
trough until covered by the water. A few drope of a benzene
solution containing 0.1% oleic acid were added to the surface
of the water betwsen the two barriers (Fig. 1) and allowed to
epread evenly on the surface. After giving the benzene a
Tfew minutes to evaporate, the movable barrier was e¢losed upon
the stationary barriler until the film began to exert a force
againgt the latter barriler as evidenced by the indicating needle.
At thilgs point back pressure was begun on the stationary bar-
rier in order to counter the force of the film. Thus, by skill-
ful handling, 1t was posesible to keep the film pressure balanced
against this back pressure while decreasing the area between
the two barriers. When the film pressure reached a value closge
to 25 dynes/cm the closing aetion was stopped, and the slide
was slowly raised through the film. As the slide emerged from
the trough, the pressure was seen to relax slightly, indicating
that some of the film was being pushed off ohto the slide.
The slide emerged almost completely dary.

Contact angle measurements were made on the fllm covered
8llde immedlately after it emerged from the trough. A technique
differing slightly from that of Taggart and others was used to

do thie. Whereas, the more common way of measuring contact
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angles is to submerge the s0lid in the water and bring the
air bubble down to the solid surface, the method followed
here was to place a drop of water on the surface of the air
surrounded solid. Placing the quartz slide under water as 1in
the former method would necessitate passing the slide through
the surface of the water where the attached film might possib-
ly be stripped off in the opposite way in which it was depos~
ited. Therefore, 1t became necessary to keep the quartz
elide in alr and place a drop of water on its surface--the
drop assuming the customary contact angle at the juncture of
the air, water, and solid. The conditions of measurement are
somewhat reversed, but as long as the angle 1s measured across
the water phase, the resulting contact angle should be asimilar
regardless of the method. The average contact angle ef a mono=-
molecular layer of calcium oleate on quartz was found to be 18.2°.
Using the same technique as that described for depos=-
iting a single layer, two, three, four, and five layers were
deposlted in succession, measuring the contact angle of each
layer. Because the odd numbered layers were alwayes formed
by bringing the quartz slide up through the floating film,
only the one, three, and five layer deposits were avallable
for contect angle measurement in the bubble machine. The even
numbered layers were formed by paassing the quartz slide down
through the floating film, and, therefore, these exlsted only
under water. Contact angle measurements of two and four layer
deposite were done beneath the surface of the water with the
ald of a small dental mirror and an eye dropper. With the
quartz slide lying on the bottom of the trough, the eye
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dropper was brought down close to the quartz surface and an
ailr bubble squeezed out. With the ald of the dental mirror
it was observed that the bubble showed no affinity to the
quartz surface for either the two or the four layer film de~
posit. Thus, it can be saild that the contact angle for two
and four layer deposits is substantially zero.

The average contact angle of three molecular layers of
calcium oleate on quartz was 32.5° and for five molecular
layers 33.5°.

In order to ascertain the adhesive power of multi-lay-
ered films to the quartz surface, tésts were made passing
filmed quertz through a water-alr interface, noting any
alterations of the film by contact angle measurements. The
quartz slide was ralsed and lowered through a floating film,
Placing two layers on the quartz surface and ending under the
surface of the water. The water surface was then swept clean
with the chrome-plated rods and the slide raised through the
water-air interface. The average contact angle after such
treatment was 13.6°. When the same technique was used on a

four layered surface, the contact angle averaged 16.4°.



Discussion

From a comparlaon of the contact angle measurements
made on the various layeres of calcium oleate on erystalline
quartz, 1t ean be seen that a single layer has, roughly,
half the water repellency of eilther three or five layers.
(18.2° for a single layer, 32.5° for three layers, and 33.5°
for five layers) Presumably, for all subsequent odd numbered
layers the contact angle would not increase appreciably above
that for five layers. Consequently, it may be assumed that
for three and subsequent odd numbered layers the surface 1is
saturated with nonepolar ends of calcium oleate molecules.
On an area basis the same amount of calcium oleate was ree
moved by the quartz slide on the first, third, and fifth
layera. Therefore, the difference in contact angle, and
ultimately the wettability of the surface, cannot be at-
tributed to area coneentration. If the first and third
monomolecular layers have the same area concentration, the
only reason that can be given for their having different
contact angles 1s that the orientation of some of the mole-
cules in the first layer must be altered. For an explana-
tion of this phenomenon it would be well to conslder step-
wige the conetruction of these films on the quartz.

(12)

Cooke and Digre have shown that quartz abstraots

(12) Cooke, 8. R, B. and Digre, M., Studies on the Acti-
vation of Quartz with Calcium Ion, Transaction A.I.M.E.

Vol. 184, pp. 299-305 (1949)

16
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calcium lon from solution, and that flotation with olelc acid
is posaible after caloium ion is abstracted from the solution.
It has been proposed that calecium or other multivalent catlons
form a positive bridge between the negative partial valencies
protruding from the quartz crystal lattice and the negative
oleate ion. The number of oleate ions that are firmly bonded
to fthe surface will depend upon the number of calcium ions
underneath, and this in turn will depend upon the number of
avallable partial valencles protruding from the crystal lat-
tlce. The monomolecular film that was forced upon the quartz
surface 18 a packed array of calcium oleate molecules, whereas
the avallable bonding spacee are not continuous, but spotty.
The resulting layer is likened to a crowded subway car oarry
ing 100 people and supplyilng only 50 straps on whiech to hold.
The 50 people who do not have straps from which to hang are
very unstable just as the unbonded calcium oleate moleocules
are unstable in the packed monomolecular layer. The unstable
molecules do not leave the surface because the first film
exlste only in air and there 1s no place for these molecules
to go. By the time a second and a third layer 1s placed on
top of them, the unstable molecules are sealed in place and
they cannot dissolve away. The third layer of molecules 1s
held in place by erystallographic forces shared between the
second and third layers. Therefore, 1t is being held by
more uniform forces than the firat layer.

When a drop of water is placed on the first monomolecular
layer for a contact angle determination, the environment of the

surface molecules is changed. Evidently, the forces holding
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the bonded calcium oleate to the quartz crystal are fairly
strong as these molecules are unaffected by the water sur-
roundings. The unstable calcium oleate molecules, however,
are not bonded to the quartz surface and are free to react
to any forces of attraction set up by the water phase. In-
asnuch as carbon atoms are free to rotate about single bond
linkages, 1t 18 possible for the unstable molecules to reverse
thelr position in the film by having their ends double back
on the oleate chain until the polar end of the molecule is
outermost and in close proximity to the water phase. The
water repellency of nonépolar ends of the bonded calcium
oleate molecules 1s somewhat moderated by the water avid
character of these reversed molecules. Whereas paraffin
has a completely non-polar surface and presents a 110°
contact angle, the firast layer on the quartz alide has a
mixture of nonepolar and polar molecule ends resulting in a
greatly reduced contact angle (18.2°). |

By the time three or more layers are buillt up onto the
surface of the quartz, the forces holding the molecules in
place are much more uniform and fewer molecules are reversed
in their positions resulting in a greater contact angle than
ls measured for the single layer. There must be some molecular
reversal in the third layer or else the contact angle would be
the same as that measured for the completely non-polar surface
of paraffin.

When the quartz sllde carrying the two and the four layer
deposit was raised through a clean surface of water, probably

all of the calcium oleate was stripped off except for the firmly
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bonded moleocules on the quartz surface. All the other layers,
including the unstable molecules in the first layer, left the
slide as 1t passed through the water-air interface. Water
molecules might have filled up the vacant apaces, resulting
in a contaot angle slightly less than that for a single, com-
plete monomolecular layer.

1
In 1920, Langmuir( 3) coated several mineral surfaces by

(13) Langmuir, I. The Mechanism of Surface Phenomena in Flota-
tion, Trans. Farad. Soc., Vol. 15, p. 62, (1920)

the same technique as was used in this work to coat quartgz.
He did not go beyond a single layer, but he d4id show that

the contact angle varied appreciably for the various minerals,
proving that the contact angle for these monomolecular films
is definitely a function of the g0lid under the film. The

results of his work are tabulated here.

Mineral Contact Angle
Mica 18¢
Glass Lsge
Platinum 65¢
Caloite T0®
Sphalerite 82e¢
Galena 86°

The reason Langmuir gives for each mineral having a 4if-
ferent contact angle 1is, that the number of unsaturated bonds
avallable on each surface varies. Those molecules in the
monomolecular film that are not rooted to an unsaturated

bond are free to dissolve away when adjacent to a water phase.
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On an area basis there 1s, probably, a greater percentage
of unsaturated bond positione on the galena surface than on
any of the other minerals tested.

When a mineral 1s conditioned for flotation in the con-
ventlonal way, 1t 1s recognized that the surface will not be
covered by a complete monomolecular film as were the samples
used by Langmulr and the quartz filmed in this reeearch. In-
stead, a molecule is fastened onte the surface only wherever
there 1s an unsaturated valence which the molecule can satisfy
elther alone, or by sharing.

(14)

Gaudin and his aassociates have shown by other methods

(14) Gaudin, A. M. and Preller, G. 8., Surface Areas of
Flotation Conoentrates and the Thicknesgs of Collector

Coatings, Mining Technology, May, 1946

that flotatlion collectors coat mineral surfacee in an incom-
plete monolayer. Through a geometrlc analysis of the atomie
arrangements of both the mineral and the collector, Gaudin
has shown that the collector molecules adhere to the mineral
surface to form an orderly pattern with voids between the
collector molecules. From an analysis of the data in this

research, it would indicate that Gaudin 1is correct.



Conclusions

From the data obtained from this set of experiments
the following may be concluded to be true:
1. The contact angles measured for a quartz surface

Tilmed with various layers of calcium oleate are as follows:

Contact angle

One layer 18.2
Two layers zZero
Three layers 32.5
Four layers zero
Five layers 33.5

2. By virtue of the difference in the contact angle
of the first and subsequent odd numbered layers, and be~
cause approximately equal amounts (areas) of caloium oleate
were present in each layer, 1t can be sald that there was a
distinot difference as to alr avidity between the layer ade
Jacent to the quartz surface and the subsequent odd numbered

layers.
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Postulates

From the data obtained in this set of experiments
the following postulations may be made:

l. Depending on the lattice structure of the quartz,
certain molecules in the first calcium oleate layer are
bonded to the quartz, while others are not. The latter
molecules are free to respond to forces set up by their
environment. When surrounded by water, they may turn
about in their places, bringing their polar ends outward
and they may possibly, dissolve away into the water phase.
Thus, calclium oleate can exist on the surface of quartz in
a spotty non-continuous layer during a flotation process.

2., Three and five layers of calclum oleate can be
assumed to be nearly equally held to the second and fourth
layers by corystallographic forces of the calcium oleate alone.
They expose, therefore, a nearly continuous non-polar surface.

3. Two and four layers of calcium oleate can be assumed
to be held in the same fashion as three and five layers.

They expose a nearly ocontinuous polar surface.
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Dilscusslon of Experimental Errors

Much difficulty was encountered in keeping the com=
pressed fllm on the Cenco Hydrophil Beslance from leaking
around the ends of the barrier, despite the efforts taken
to prevent it. Thils 1e the reason why no accurate data
could be collected for the change in film area with film
deposition on the quartz slide.

(15)

The much discussed technique of Patek was used in

(15) Patek, J. M., Relative Floatability of Silicate Minerals,
A.I.M.E. Milling Methods, p. 486, (1934)

taking the contact angles. Critics have stated that his
technique of using a dry surface and observing the contact
angle of a drop of water placed upon the surface 1s open to
contamination from the atmosphere. However, 1t is pointed
out that the contact angle of a clean quartz slide remained
zero even after thirty minutes exposure to the atmosphere.
The conclusion that must be drawn is that the bubble machine
used in thie experiment is not accurate enough to detect such

slight amounts of contamination.
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Suggestions for Further Work

In regard to continuing experiments on transferring
filme to mineral surfaces, the next step might easily be
the accurate determination of the amount of film per unit
area transferred to the mineral surface. To avoid the
difficulties encountered due to leakage with the Cenco
Hydrophil Balance, it 1s suggested that the simplified
balance used by Blodgett be trled again.

It would also be interesting to note how tenacliously
the varlious filme adhere to the surface if rinsed in clear
water. As reported in the text of this thesis, this was
tried on a restricted scale and only the firmly bonded
first layer molecules seemed to remain on the surface.

The experimenter should be warned of the tedlous and
dellcate technigue that is required in this type of work.
Several attempts are usually necessary before a reproducable

datum can be obtained.
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