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INTRODUCTION

In the field of agriculture there has always been
a necessity to separate seeds in order to obtain seed
stock suitable for sowing. HQuite often harvested seeds
contain a considerable number of impurities such as
other varieties or weed seeds. Some can be separated
and cleaned by mechanical or other means, but sometimes
it is difficult to obtain clean seed by these methods
without considerable loss, The separation of seeds
bv froth flotation as a research problem was undertaken
in order to cleen seed more quickly and easily and to
separate some combinations that heretofore could not
be satisfactorily separated.

From an ensgineering viewpoint, froth flotation
has long been used to separate ores of precious metals
from baser elements and dross. Since this process is
dependent on differences in surface characteristics
and since it was known that different seeds have dif-
ferent surface and conditioning characteristics, it
seemed entirely lozical that seeds could be separated
bv this method of froth flotation.

The literature v=3 reviewed to see what had been
done before along this line; two flotstion cells were

built of Lucite in the Chemicel Engineering Laboratories



here at Michigan State College. Flotation tests were
run and data obtained using different seeds and different
frothing and conditioning agents, Several separations
of seeds reported herewith have been satisfactorily
accomplished.,

However, there still remains a creat deszl of basiec
experimental work to be done with the different types
of seeds and flotation azents., In other cases mechanical
and chemicsl problems must be solved before the sep-
arations reported in this thesis may be used on a com-

merciasl scale,



HISTORY

Seeds and cereal grains sre commonly treated by
various methods in an attempt to cleanse and purify the
grain by removing weak, unfertile, and foreign seeds
and by removing or inactivating disease-promoting and
grain-infesting azencies. Such attempts are commonly
made through means thst fall into one or the other of
two ezeneral classifications.

In the first clasgification are grouped the blowers,
screens, centrifugal devices, washers and other mechan-
ical apparatus throush which the grain or seed is passed
in order to classify its constituent elements according
to their specific zravities or weights and sizes for
the separation of a clean and uniform product. Probably
the most common method (12) is by screening and fenning.
This method is reasonably efficient in the removal of
light weight erains and foreign seeds. This procedurs
results in a considerable loss of the zood grains if
a particularly clean separation is needed. In cleaning
cereal sgrains for seed by this method it is often
necessary to remove from one-third to one-half of the
total bulk. However, this method provides no means
for thé renoval of funeus and other disease-promoting
spores which escape from the ruptured pods snd become

scattered and attached to the surface of the grain seeds.



In the second classification falls the treating
of grain or seeds with s medicated solution designed
to kell or inactivate the grain-infesting agencies,
This method makes no provision for eliminating the
undesirable arencies from the grain, and is also ob-
jectionsble in that thoroush inectivation of the agencies
to be suppressed mav reaquire a long time and involve
an expensive instrollation of equipment whan any com-
mercial quantities of grain sre to be handled,

In 1931 application was made for a patent on a
"Method and Means for Separatinsg Seeds". (8) This
patent describes a method of separatingzg seeds from seeds
by utilizing a difference in the wettability of their
surfaﬁes as distinguished from differences in specific
gravity, size, or shave co~ prisine treating the surfaces
of seeds havine a8 difference in surface wettability
with a reagent adapted to increase the difference in
surface wettability, introducine said seeds to an air
lisauid surface in such a wat that momentum of the seeds
normal to the surface of the liauid is substantially
eliminated, 2nd floating the less wettable seeds from
the more wettable seeds,

Another patent refers to a "Solution for Use in
Separating Different Seeds". (11) This solution is
a mixture made up of 77 parts of sodium nitrate, 3

parts of sodium phosphate, and 20 parts of commercial



glucose and is used in separatines seeds by irmersing
the miryed seeds in the colution,
S5till another patent describes a "Macsnetic Separat-

(4)

ing Composition". It is a paramagnetic cementitious
weter-adsorbent mediuvm suitable for use in sorting seeds
and is made up of powdered sponse iron, the pores of
which contain an adherent mixture including calcium
carbonate and iron oxide,

Tnere are only a few sources of information con-
cerning thé separation or cleaning of seeds by froth
flotation and thev are all related to the work of Theodore
Earle in his laboratory at Pacific Palisades, California.

There have been two patents issued on these general
subjects, The first of these vas for the "Classification
and Selective Separation of Plant Seeds by Froth Flota-
(9)

tion." An abstract states that seeds such as those
of lettuce, clover, blue grass, etc., sre immersed in
water, a flotetive frothine reaecent such as pine oil

and duPont Frothér B-23 is added, and the resulting
mixture is treated with pulverized insoluble materials
such as sulfur, calcium cerbonate, or lime as a strength-
ening armor for froth bubbles, and is egitated in froth
held flotation appsratus for the separation of the seed
material into froth concentrates and nonfloating tails.

13
From the patent (13) it is found that this invention



relates to s process or method for the separation and
classification of seeds, and more particularly to a
process for the applicetion of froth flotation for the
successful separation and clessification of plant and
gracs seed3, and has as an object to provide sn improved
process whereby mixed seeds of different kinds may be
separsted and classified according to their respective
natures, and whereby seeds of s aiven variety may be
separated and classified accordineg to their relstive
fertilityv and potential strength.

In carrying out such a process certain problems
are met which do not arise in minerals separation.
Thus certain features must be borne in mind and the
reagent to be employed must be selected accordingly,
e.2., a5 to whether the seed is to be used a3 a food,
the effect of the reaszent on the sprouting or growing
qualities of the seed, vwhether the seed is to be immed-
ietely planted, the presence or absence of the natural
husk or hull covering the seed, the character of the
soil or climete obtained during the crowth of the seed
insofar as the seme may affect the seed characteristics
in the application of the process, and the bulk, mass,
and density of the seed under treatment and the strength
of the froth bubbles necessary to effect the separation.

It is to be noted that the froth flotation emploved

in the improved process differs materiaslly from "float
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end sink" methods a2nd from separatory methodéds utilizing
surface tension of a liquid, and the froth flotation
technique includes continued agitation of the liquid
body and recirculation of the material unter treatment
through the liquid body to elimination of the concen-
tretes from the linuid body and into the froth bed
wherewith the concentrates are removed from the flotat-
ion apparatus.

The other patent is for "Purifying and Cleansing
Seeds and Cereal Grains", (10) It describes a method
of treatine seeds and cereal grains such as smutty wheat
for the ceparation and removal of funeus growths, spore
cells, spores, insects and their egzs, larvae, nits
and infested grains by agitating the material in a
froth flotation cell in the presence of a true frother
in relatively small proportions,

The patent (14)

itself states that experiments

have established that a thoroughly cleansed and purified
grain, free from foreien matter, diseased or infested
grains, and disesse-promoting or erain-infesting material,
mey be readily and inexpensively obtained through the

use of properly controlled and regulated froth flotation
methods, either glone or in combination with certain of
the conventional steps now emploved to that end. The

specific steps to be emploved in the cleansing and

purification of given grain material will necessarily



vary with the specific noture of such material and the
degree of its edulteration and infestation, but where
a thoroushly cleansed and purified product is desired,
economy and efficiency can best be served by including
a properly rezulated step of froth flotetion in the
process to which the material is subjected.

In the practice of the improved method, the material
to be treated may be passed directly to a froth flotation
cell for ssitation in the presence of suitable reagents,
but in some instances it will probably be found expedient
to treat the materisl by more conventional means for
a preliminary removal of foreign matter and undesirable
constituents either before or after the flotation treat-
ment.

A first and essential novel step of the improved
method, where the seeds are infested with exterior fungus
or other growths involves srcitation of the erain material
for the purpose of and to that degree necessarv to ac-
complish a thorough rubbing and individual washing of
the material erains for loosenineg and detachment of
contaminating material from the gresin surfaces., Follow-
ing agitation, the material is further asitated in froth
flotation apparatus in the presence of suitable flotation
reagents, such as frothers or collectors, or both, for
the final and complete separation and removal as a froth

concentrate of the undesirable material and acencies

11
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detached from the grain. The feed of material to the
flotation apparatus may be accomplished either through
the froth bed of the flotation unit or to the liquid
cherge of such unit below the froth line, either method
of feeding for the specific seed being productive of
the desired results., The amount of any one reagent
required to effect a clean separation of the grain
material will varv between a fraction of one per cent
and fortv pounds per ton of seed.

The separated froth concentrates and tails from
an initial flotation operation mav be subsequently
routed throuesh further froth flotation operations ac-
complished with the same or different reazents, or the
products from the initial flotation treatment may be
dried, screened, or otherwise classified, and thus made
available for seedinz or milling purposes, and the
froth concentrates frequently being of value as a
source of certain desirable by-products, of which ergot
derived from certain funesus spores is an example.
There is another use of froth flotation (3) in
connection with wheat that is quite important. It is
used to remove the hull of the wheat berry without re-
movineg the vitemin, mineral, and protein deposits in
the bran coats just under the epidermis, This eliminates

the use of svnthetic vitamin concentrates in enriching

flour.
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Rousgh cleaning of the wheat is done in the usual
way, and then the erains are fed to a flotation eell,
or rather a bettery of cells in series., The slurry of
wheat and water mixed in proper proportions enters the
first cell and is agitated by the impeller. Then a
reagent is sdded to form a froth which serves to collect
the thin fibrous epidermous of the wheat as it breaks
away from the kernels., As the slurry flows from cell
to cell, the hull material 1s held at the top of the
cells and the grains drop to the bottoms. The froth
is piped away and the hulls are used as an insulating
material., The erains are dried and later ground into

flour, richer in vitamins than ordinary flour.
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THEORY OF FROTH FLOTATIOINN

Froth flotstion is quite different from the ordinary
"sink or float" type of flotation and does not depend
upon specific grevity, size, or shape. It is a means
of separation that has been used in the separation of
ores since 1912, and today is used for the concentration
of practically every mineral that is mined.

A few terms must be defined in order to better
understand the theory of froth flotation. "A frother
is a substance which, when added to water, enables it
to form a more or less stable froth with air. A col-
lector for any material is a substance (generally
orzanic) which induces it to float at the air-water
interface, and in the presence of a frother to form
a more or less stable froth with the material floated.

An activator is a substance (zenerally inorganic), the
addition of which induces flotation in the presence of
some collector that is otherwise without effect on the
material. A depressant is a substance generally that
prevents a collector from functioning a3 such for that
material." (2)

There are two different theories in regard to
froth flotation, the one based on adsorption and the
other based on chemic2l reaction. Since chemical re-
action seems entirely illogical in the case of seeds

flotation, onlv the adsorption theory will be discussed



in this thesis.

Frothing is dependent on the surface tension-
concentration curves. An organic compound is usually
a useful frother if, when dissolved in water, it de-
creases the surface tension of the water., The con-
centration of the frothing acent at the air liquid
interface is manv times greater than in the main body
of the solution. Anv sudden chance in the size of an
air bubble necessarily involves an instantaneous change
in the concentration of the frothing azent end an
increase of frothing power. (5)

Flotation is ‘dependent upon oriented adsorption
of the soluble collector. The adsorbed molecule can-
not be considered as a whole, for only part of it is
emploved in holding the molecule to the surface of the
material and the other part is therefore oriented away
from the sdsorbing surfece. It is this outer part of
the adsorbed molecule that determines the flotative

properties of the coated material, (1)

It is generally
anreed that flotation is possible if one-third or more

of the surface of the material to be floeted adsorbs

a film of the collector. The collector acts as a link

between the material surfaces and air bubbles, theredby

rendering flotation possible,

In the case of minerals flotation, the small

15



particles are covered with a film of the organic col-
lector with the polar end of the molecule adsorbed on
the surface, thereby makineg that surface less easily
wetted by water. The non-polar end is oriented away
and it is this end that allows the varticle to break
into the air liquid interfece of the air bubble. The
picture then is of an air bubdble with many 3mall part-
icles of minerals around the inside and held to the
air liquid interface by means of the edsorbed and
oriented collector molecule., This forms a more or
less stable froth in the presence of a frother and
collects at the top of the flotation cell. Juite
often one flotation azent acts as frother and collector
for a given material,

In the cese of seeds, probably only one or two
seeds are inside a sinele bubble and held to the bubble
wall bv the c¢nllector that is adsorbed on the surface
of the seed. The seeds thet do not =2dsorb the collector
remain in the linuid body in the flotation cell and are
referred to as tailines or tails, snd those that collect

in the froth and overflow are ceslled concentrates.
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PROCEDURE

The research carried on was done for the most
part usine a flotation cell built of Lucite. Therefore
the material inside the cell could be observed at all
times. Two of these cells, one 100 gram and one 250
gram, were built in the laboratory of one-fourth inch
Lucite sheets and fabricated by the use of a special
acetone-Lucite cement., However, after a few tests
were run in the smaller cell it was decided that the
larger one was easier to use and cov1ld accomodate more
material.

By means of an air ¢ompressor and two calcium
chloride towers packed with glass wool to remove o0il
droplets, air was introduced through a ¢lesss tube at
the bottom of the cell., The quantity of air was con-
trolled by an outlet, fitted with a stopcock, between
the punp and the cell., The cell was so constructed
with baffles end a slopins outlet as to direct the
froth over the edce into a Buchner funnel. The impeller
v.as made of steinless steel and driven by a one-sixth
horsepower electric motor.

These cells were equipped with a semi-automnatic
filtrate return. This device makes poss3ible the re-uce

of the froth vater and consequently reduces to a minimum
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the 2ddition of make-up water to the cell. The froth
is filtereé on the Buchner funnel and the filtrate
accumulated in the omall reservoir, The filtrate

could be periodicsllv returned to the cell to maintain
the froth level., This device would be auite useful
when determinine rea~ent concentration or pH of the
solution. However, durine these tests, the froth level
was maintained constant by the use of a water reservoir
above the cell and veater added constantly instead of
periodicallv., If it were necessarv to constantly add
flotastion reacents, it would be quite easy to do so

by usineg this vater reservoir. 'hen the small filtrate
recervolr wes filled, the vacuum, created by a vater
aspirator, vas released and the filtrete ran into the
waste,

In the first tests run only one variety of seed
and one flotation reagent were used., These were pre-
liminary, snd observations were made to determine which
seeds would float, to what extent they would float,
and with which frother or collector. After this was
done, mixtures of seeds were used and actual separations
acconplished with determinations of purity, loss of
desired seed, and germinstion before and after treat-
ment in one case,

In the preliminary tests, since the purpose vas

merely to observe tendencies and develop technigues,



no specific weights of seed were used and no accurate
determinations were made of the amount flosted or left
in the cell, The quantity floated or left as tails
was estimated as the nearest five per cent of the
amount put into the cell,

In 211 the tests run, the seeds were treated
before thev were acitated in the flotation cell with
a rearent, This treatment consisted of a thorousgh
vater wetting of all of the seed surfaces since it was
very important that the seed to be separated be com-
pletely immersed at some time.

The next step wes the azitat on of the seeds in
the flotation cell in the presence or absence of a
frothing acent., Generslly the seeds were added to the
cell before the frothing asent, but in some cases they
were added after a layer of froth had been established.
In some instances better results micht have been obtained
by feeding the seed throusgh the froth bed and in others
by feedinz the seed into the liouid below the froth bed.
Even when the seed were fed through the froth bed, it
was necessary to hsve thorouch agitation in order to
bring all the seed material into the liquid so that all
the seeds were immerced in the water at some time,

The amount of flotation resgent vas very small in
most cases, so it was asdded by dipping the end of a wire

into the reacent and then into the flotation cell,
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Some of the seeds contained naturel frothers,  but after
experimentation with this natural froth, a reazent was
added in all cases,

A thickness of one-half to one end one-half inches
was usually maintained for the froth bed, slthough in
some cases it beceme a3 much as three or four inches,
Only those seeds that actually ceme up in the froth
were removed as concentrates and the balance were con-
sidered tails., In the actual quantitative determinations
of the separations, the seed to be treated were accurately
weighed. The seed that floated as concentrates were
filtered on the Buchner funnel and partially dried by
drawing air past them. The tails were removed from the
cell through a hole in the bottom and filtered separately
by use of the Buchner funnel. Then the concentrates
and tails were dried in an oven for a short time at a
temperature of fifty desrees Centiarade. When dry,
the concentrate was separasted into the two v-=rieties
present and the per c¢ent of each determined. The same
was done with the tails., From this d=ta the purity and

per cent loss of the cleaned seed were calculated.
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DuPont Frother B-23*

Seeds in through Seeds in through

liquid body froth bed
Alfalfa 30% 30%
Red clover 30% 30%
Corn cockle 10%
Alsike clover 50%
Buckhorn** 20% 20%
Catchfly %
Sweet clover 40% 40%
Pepper erass 0%
Sorrel 80%

All percentaces are the estimated amounts collected
as concentrates, The seed material was agitated in the

cell with the frother for five minutes.

* DuPont Frother B-23 was the flotation resgent
used, All the reagents were samples furnished by the
American Cyanamid Corporation.

** Buckhorn contains s natural frother that forms

a very tough froth.
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Pine 0il

Red clover
Alfalfa
Buckhorn
Catchfly
Dodder
Alsike clover
Corn cockle
Curled dock
Sweet clover
Sorrel

Pepper grass

75% in 25
30% in 25
25% in 10
55% in 5
1% in 5
60% in 5
0% in 5
30% in 5
30% in 10
75% in 5
0% in 5

minutes
minutes
minutes
minutes
minutes
nminutes
minutes
minutes
minutes
minutes

ninutes
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DuPont Frother B-24

Dodder

Sweet clover
Buckhorn
Catchfly

Corn cockle
Alsike clover
Alfalfa

Red clover
Sorrel

Pepper grass

* Curled dock and red clover

50%
0%
75%

in

> in
% in

in
in
in
in
in
in
in
in

10

15

15

15
15

minutes
minutes
minutes
minutes
minutes
minutes
minutes
minutes
minutes
minutes

minutes

* The tailinegs contain a higher per cent of red

clover than the concentrates contain,
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Frother 60

Red clover
Alfalfa
Alsike clover
Catchfly
Buckhorn
Dodder

Sweet clover
Sorrel

Pepper grass

Curled dock snd red clover

in
in
in
in

> in

in
in
in

in

» of

in

15 minutes
15 minutes
10 minutes
10 minutes
10 minutes
5 minutes
10 minutes
5 minutes
5 minutes
curled dock

1 minute
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Frother B48

Red clover
Alfalfa
Alsike clover
Catchfly
Buckhorn
Dodder

Sweet clover
Sorrel

Pepper grass

Curled dock and red clover

in
in
in
in
in
in
of
in

5 minutes
5 minutes
5 minutes
10 minutes
5 minutes
5 minutes
5 minutes
5 minutes
5 minutes
curled dock

1 minute
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Frother 52

Red clover
Alfelfa
Alsike clover
Catchfly
Buckhorn
Dodder

Sweet clover
Sorrel

Pepper grass

Curled dock asnd red clover

in
in
in
in
in
in
in
in
in

» of

in

minutes
minutes
minutes
minutes
minutes
minutes
minutes

minutes

a o0 oo a o0 o o G o

minutes
curled dock

1 minute

28



Cresylic Acid

Alsike clover
Red clover
Alfelfa
Catchfly
Buckhorn
Dodder

Sweet clover
Sorrel

Pepper grass

Curled dock and red clover

85%
50%

10%
5%
40%
90%
0%

95%

in
in
in
in
in
in
in
in
in
of
in

minutes
minutes
minutes
minutes
minutes
minutes
minutes

minutes

aa o oo oo o a O ua o

minutes
curled dock

1 minute
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Aerofloat 15

Red clover 5% in 5 minutes
Alfalfa 5% in 5 minutes
Alsike clover 10% in 5 minutes
Catchfly 20% in 5 minutes
Buckhorn 20% in 5 minutes
Dodder 5% in 5 minutes
Sweet clover 5% in 5 minutes
Sorrel 50% in 5 minutes
Pepper grass 0% in 5 minutes
Curled dock and red clover 95% of curled dock

in 1 minute



Aerofloat 25

Red clover
Alfslfa
Alsike clover
Buckhorn
Catchfly
Dodder

Sorrel

Sweet clover

Curled dock and red clover

95%

in
in
in
in
in
in
in
in
of
in

minutes
minutes
minutes
minutes
minutes
minutes

minutes

o o o o o0 O o ;!

minutes
curled dock

3 minutes
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Aerofloet 31

Red clover
Alfalfa
Alsike clover
Catchfly
Buckhorn
Dodder

Sweet clover
Sorrel

Curled dock and red clover

10%
50%
50%
50%

0%
10%
50%
50%

in
in
in
in
in
in
in
in
of
in

minutes
minutes
minutes
minutes
minutes
minutes

minutes

a o oo a a o ua O

minutes
curled dock

5 minutes
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In these tests the seeds were first treated with
a 0.,1% solution of copper acetate and washed to remove
excess solution. Then while the seeds were being
agitated in the cell, sodium sulfide was added. Sodium

xanthate and pine o0il were used as collector and frother.

Red clover 30% in 5 minutes
Alfalfa 30% in 5 minutes
Alsike clover 60% in 5 minutes
Catchfly 80% in 5 minutes
Buckhorn 10% in 5 minutes
Curled dock and red clover 30% in 5 minutes
Dodder 109 in 5 minutes
Sorrel 80% in 5 minutes
Sweet clover 20% in 5 minutes
Pepper grass 0% in 5 minutes
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1. The following recults were obtained by using 20
grams of red clover and 20 grems of a curled dock and
red clover mixture. These seeds were agitated in the
flotation cell, using Frother 60 as the flotation

reagent., The concentrate was separated a second time.

Weight of concentrate 13.4 grams
Per cent red clover in concentrate 1.3
Veight of tailinges 26.6 grams
Per cent red clover in tailines 94,2
Per cent loss of red clover 0.69

2% Using 20 grams of a curled dock and red clover
mixture, Frother 60, snd only one separation, the

following results were obtained.

Weight of concentrate 14,4 grams
Per cent red clover in concentrate 24,6
Weight of tailings 5.6 grams
Per cent red clover in tailings 99,925

Per cent loss of red clover 39,0

* Germnination tests were run for this scparation.



3., Using curled dock and red clover

Weight of concentrate

Per cent red clover in concentrate
Welght of tailines

Per cent red clover in tailings

Per cent loss of red clover

and Frother 60:

3.85 grams
21.2

9,35 grams
99.84
22,1

4, Using red clover and curled dock and Frother 60:

Weilzht of concentrate

Per cent red clover in concentrate
Weight of tailines

Per cent red clover in tailings

Per cent loas of red clover

6.76 grams
47,5
31.65 grams
99.84

9.25

5. Using curled dock and red clover and Frother 60:

Weight of concentrate

Per cent red clover in concentrate
Weight of tailings

Per cent red clover in tsilings

Per cent los3 of red clover

6,78 grams
38.0
32,77 grams
99.85

7.30



6. Using red clover and curled dock end Frother 60:

Weizht of concentrate

Per cent red clover in concentrate
Weight of tailings

Per cent red clover in tailings

Per cent loss of red clover

6,16 grams
38.2
34,00 grams
99.81

6.48

7. Using red clover and curled dock and Frother 60:

Weight of concentrate

Per cent red clover in concentrate
Weight of tailings

Per cent red clover in tailings

Per cent loss of red clover

5.10 grams
24.8
34,29 grams
99.47

3.56

36



Tabulation of per cent red clover in teilines

(purity of desired seed) end per cent loss of red clover,

Per cent red clover Per cent loss of
in tailings red clover
1. 94.20 0.69
2e 99.925 39.0
S 99.84 22.1
4, 99.84 9.25
5. 99,85 7.30
6. 99.81 6.48

7 99.47 3.56



Results of the Germination Tests

At the end of one week in the germinater:

Red clover after Red clover before

treatment treatment
Germinated seeds 173 164
Dead seeds 12 12
Hard seeds 5 21

At the end of two weeks in the germinater:

15.5% germination for the curled dock that wes collected
as concentrate. ‘

18,0% germination for the curled dock that was collected
a3 tailings.

10.5% germination for the curled dock that had not been

treated in the presence of a flotation reazent.



Using wild mustard and pennycress seed, Frother 52,

and agitation in the presence of the reazent for 2

minutes, the following results were obtained.

1.

Weight of concentrate

Per cent mustard in concentrate
¥Weight of tailings

Per cent mustard in tailings

Per cent loss of mustard

2.

Weight of concentrate

Per cent mustard in concentrate
Weicht of tailings

Per cent mustard in tailings

Per cent loss of mustard

3.

Weight of concentrate

Per cent mustard in concentrate
Weizht of tailings

Per cent mustard in tailinss

Per cent loss of mustard

2.88
2.99
3.24
90,65
2.85

2.20
11,30
2.64
99.36
8.65

5.82
4,86
16.08
88.90

1.90

grams

grams

grams3

grams

grams

grams
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4.

Weight of concentrate 1.91 grams
Per cent mustard in concentrate 7.95
Weight of tailinss 330 grams
Per cent mustard in tailings 99.27

Per cent loss of mustard 4,45



(purity of desired seed) and per cent loss of mustard.

1.
2.

4.

Tabulation of per cent mustard in tailings

Per cent mustard
in tailings
90,65
99,36
88,90
99,37

Per cent loss
of mustard
2.85
8.65
1.90
4,45
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DISCUSSION

Some of the data obtained might be changed if the
tests were to be repeated a second time. This might
be especially true of some of the data obtained in the
beginning of experimentsation. This would be due to the
fact that better techniques could be employved to obtain
better results with the same seeds and the same reagents.

Some of the beginning data would be hard to duplicate
within 20 or 30 per cent because there are so many vari-
ables that affect the smount of seeds floated. However,
it would be possible to obtain close checks on the sep-
arations obtained if it were necessary to do so.

Factors such as thickness of froth bed, concen-
tration of flotation reagent, size of bubbles, speed of
impeller, amount of water added per unit of time, type
of flotation reagent, length of time seeds are agitated
in the cell before reacent is added, the emounts of
seeds added, and many others, all determine the per
cent of the seeds that will be floated.

According to previous work on minerals and seeds,
pH is also sn important fector in flotation. Tests
were to be conducted to determine the extent to which
pH affected the flotation of seeds; however, due to
an imperfection in the Beckman pH Meter, this phase of

the work was temporarilv abandoned.
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Better results might have been ebtained in some
instances by feeding the 3eed into the liquid below the
froth bed and in some instances by feeding the seed
through the froth bed. This arises from the fact that
where frothers or other relativelv insoluble reagents
are emploved, they tend to concentrate in the liquid
surface immediately below the froth bed; in such a case
seed introduced below the froth line will reguire longer
agitation and the softening effect of the liquid on the
seed covering may vary the normal flotative characteristics.

Undue retention of the seed in the liquid body is
apt to change characteristics of the seed, and in general,
if there has been a thorough immersion for a brief period,
the more guickly the separation is made the better the
result,

Buckhorn in particular contains a natural frother
that forms a very toush froth. However, the buckhorn
seeds would not float in this froth in spite of the
fact that bubbles up to two inches in dismeter were
formed., This froth was very oily and could hardly be
destroved by pouring water over it, Several other sedl s
were tried with the buckhorn, but none would floet in
the natural froth.,

¥ith the method of adding rcagent uced, the concen-
tration of reagent in the cell was always more at the

beginning of the test and diminished as the froth spilled
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over into the Buchner funnel., This meent that when the
froth bed was first created, the air bubbles were small
and they increased in size as the concentration of the
frother decreased, In some instances the seeds floated
better with the small bubbles and in some instances
with the larger ones. Therefore, after this was deter-
mined for easch variety, more seeds would be floated per
unit of time if a constant optimum concentration of the
reagent was maintained in the cell,

In the separation of curled dock from red clover,
there is a definite optimum time the seeds should stay
in the cell in the presence of the flotation reasgent.,
In a commercial process, red clover of ninety-nine and

(15) with a

five-tenths per cent purity is desired
minimum loss of red clover seed. Therefore, when such

a8 purity of red clover is obtained in the cell, the
process should be stopped in order to prevent further
loss of red clover through floating. Experimental tests,
with the cell and reagent to be used, could determine
this time sccuretely.

For some separations it might be advantazeous to
recirculate the seeds throuszh the cell two or more times
in order to obtain a greater degree of purity or to
decrease the per cent lost. This might require the

recirculation of the concentrates in some instances and

of the tailings in others. In a continuous commercial
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process, the cells would be connected by pipes at their
bases, or the froth allowed to flow over from one to
another, In these tests the seeds were added to the
flotation cell a second time for a reseparstion.

In addition to a frother, oleic ecid was added in
one instance to sct as a collector, and this seemed to
increase the amount of seeds floatins, Also, finely
ground sulfur was added in several cases to strengthen
the bubble walls and e¢ive them a protective armor, but
no difference wss observed in the results. Lime was
added to strengthen the bubble walls and also change
the pH of the solution, but no distinguishable differemce
was observed.

The possibility of adsorbing a copper salt on the
seed, and then treating the seed as the copper salt,
wag investizated., The seeds were treated with a 0.1%
solution of copper acetate and then washed thoroughly
to remove the evcess from the seeds., Thev were then
treated with sodium sulfide to form copper sulfide
that is easily floated with sodium xanthate and pine oil,
This procedure resulted in no appreciable increase in
the amount floated over the amount floated usine pine
oil alone.,

The red clover germinations indicated that there
was no significant difference in the per cent red clover

germinated before or after agitation in the presence of



the flotation reagent. Curled dock in sinilar germ-
ination tests likewise indicated no interference of
the flotation reacent with the life procecses of the
seed, The low zermination of curled dock in all three
c=2se3 micht be due to the fact that the seeds were too
0ld, that they were not left in the @erminator long
enouch, or that curled dock germinations never run
any higher.

In general, the per cent of red clover lost to
the concentrate increased as the purity of red clover
obtained was increased., However, there was no straight
line function when purity wess plotted against per cent
lost on ordinarv graph paper., This was also true in
the separation of pennyvceress from wild mustard seed,

The usual procedure of finallv dryine the seed
in an oven at fifty deerees Centigrade caused the natuml
0il in the mustard seed to be extracted., The seeds
formed a hard cake on the filter paper in the oven.,

In order to circumvent this difficulty, these seeds
were dried by placineg them in a smsll sample bhottle
and blowing air over them for about ten minutes.

In the commercial field brome grass seed that
contains not more than sixty-eight quack grass seeds
per pound of brome grass is needed. This separation
is something that canot be satisfactorily accomplished.

After further experimentation, it is believed that this
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can be done by froth flotation to obtain even purer
brome grass seed. In the tests performed, the results
vary auite a bit, but perfect results, total removal
of the quack grass present, were obtained in two cases.
An average of 75% of the quack =rass was removed with
an averace loss of only 13.6% of the brome seed. This
definitelv shows that a sepesration of the two seeds

is possible.

The average of 75% removal of auack seed can be
increased by several methods. First, the concentrate
of brome could be recirculated through the cell and
therefore leave behind more of the quack seed. Second,
smaller amounts of seed material could be used in the
cell and better results obtained. This is true because
of the fact that the brome seed collects in one mass
in the froth bed as soon as the reagent is added and,
due to the nature of the seed, it is quite easy for
ouack seed to become inclosed in this mass, Third,

a different tvpe of cell could be used in order to pre-
vent this mes3 collection of brome seed. By these
means and others, 100% removal of quack gress seed

from brome orass seed could be accomplished.



CONCLUSIOMS

A method to separate seeds more quickly, easily,
end efficiently has been worked out.

Red clover has been separated from curled dock to
obtain red clover of 99.8% purity with only a 6% loss
bv treating the mixture in a froth flotation cell for
two minutes using Frother 60 as the flotation reagent;
this treatment does not affect the germination of either
the red clover or the curled dock seed.

Wild mustard seed can be separated from pennvcress
seed to obtein mustard of 99.3% purity with a loss of
only 4.5%, by froth flotation using Frother 52 and
treating the seed for tvo minutes,

An average of 75% of the quack gresss seed present
in sanmples of brome zrass s3eed has been removed with
an sveracze loss of brome of onlv 13,6%, using Frother
52, With better appsratus and better techniocues 100%
of the aquack grass seed csn be removed,

Data has been obtained that will be useful in

49

further work on the separation of seeds by froth flotation.
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