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UTILIZATION OF FISH OILS IN ORE FLOTATION

kR4
By S. R. B. Cooke™ and M. E. Stansby

ABSTRACT

RESEARCH 1S BEING CONDUCTED TO RETURN FISH OILS TO THEIR PREVIOUS
USE AS FLOTATION AGENTS FOR THE SEPARAT|ON OF METALS FROM ORES, POTEN-
TIAL FLOTATION USAGE OF SUCH OILS AT ONE -HALF POUND PER TON OF |RON
ORE 1S ABOUT S,OO0,0UO GALLONS A YEAR., STUDIES HAVE HBEEN CONDUCTED ON
THE EFFECTS OF CONCENTRATION, FATTY ACID CARBON-CHA IN LENGTH, AND UPON
THE DEGREE OF UNSATURAT|ON OF SUCH COMPOUNDS ON THEIR EFFICIENCY AS
FLOTATION AGENTS., FATTY ACIDS WITH 1001 NE VALUES OF 70-115, INDICA~
TING MODERATE UNSATURATION, HAVE GIVEN THE GREATEST EFFICIENCY, SEPA-
RATION OF THE INDIVIDUAL FATTY ACIDS FROM THE OILS HAS BEEN COMPLETED
AND WORK ON THE EFFECTS OF CARBON-CHAIN LENGTHS ON FLOTATION EFFICIEN=-
CY IS IN PREPARATION,

Although at one time fish oils were used to a small extent in ore flotation, this
is no longer the case. Research carried out by competing oil producers has resulted
in the development of oil derivatives such as alkyl amines, that in some cases are
superior to the aliphatic acids, although oleic acid is still widely employed as a flo-

tation collector.

The flotation process is currently employed
for sulfide ores (using sulphydric collectors),
as well as in many applications to other typesof
ore. The flotation process can be applied to the
concentrationof low-grade iron ores. At the
present time, the high-grade iron ores arenear-
ing exhaustion, and these lower-grade ores,
which are very abundant, will be the principal
future source of iron production in this country.
The School of Mines and Metallurgy and the
Mines Experiment Station at the University of
Minnesota have carried out research for the
past 30 years to develop methods for concentra~
ting these ores. Based on this research, plants
valued at over 500 million dollars are nowun=
der construction.
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mand for flotation agents. Less than one-i
pound of oil or oil derivative is required for

flotation of a ton of iron ore, but since nearly 100 million tons of iron ore are proc-
essed annually, the amount of oil required for the flotation of this amount of ore 18
considerable (about 5 million gallons).
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| MENHADEN OIL

Preparation of methyl esters.
Then fractional distillation.
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[:]: Experimental procedure Samples 1 through 9 are free acids, Samples 10, 12, and 13 are methyl esters.

FIG. 2 - FLOW SHEET FOR SEPARATION OF THE COMPONENTS OF MENHADEN OIlL.
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TUNA OIL

Preparation of methyl esters.

Then fractional distillation.

Fraction: Fraction: F raction: Fraction: | Pot residue |
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" In addition to this very large potential use of oils for the concentration of iron
ore, there are sizable quantities of other ores that at present are being concentrated
by flotation methods, including manganese and nonmetallic ores such as fluorite and

osphate. The work on this project will consider the application of fish-oil deriva-
tives to iron-ore concentration and to flotation of manganese and other types of ores.

Research on the effect of the il
chain length and degree of unsat- BRI |
uration of such compounds on their 1o
efficiency as ore-flotation agents il
has been carried out at the School
of Mines and Metallurgy of the
University of Minnesota. The pre-
sent study includes an extension
of this work to consider the long-
er-chain compounds of higher
degree of unsaturation contained
in fish oils to determine if they .
offer any advantages over the A A e
flotation agents being currently o USRS Ao A A
employed. Some of the prelim- 1t
inary work on shorter-chain | HERIT SR . Wk
fatty acj'ds already Carried OUt l lOD[lN‘F(: Va\Ll'::gF FA’:FG\' r\(‘m:ﬂ“ . e
at Minnesota has indicated that A
thwe g advantages both to FIG, 4 - RELATIONSHIP BETWEEN THE EFFICIENCY OF THE VAR-
long-chain length and to high de- JOUS FATTY ACID FRACTIONS IN THE COLLECTION OF ORE AND
gree of unsaturation. In past THEIR DEGREE OF UNSATURATION AS MEASURED BY |ODINE VAL-
work, alkyl amines in some cases  (or, (2% Yo% CON T SN2 e SOTTESMT R i Roua-
have proved superior to the fatty ER CONCENTRATES WERE CLEANED TWICE,
acids as flotation agents. In the
initial experimental work, tests have been confined to use of fish-oil fatty acids. Some
tests of derivatives of fish oil, such as alcohols, will be made to see if they will func-
tion as compatible frothers with the fish-oil fatty acids.
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During the first year of the investigation, the work has been restricted entirely
to studies on the flotation of iron ore. Mostofthe work has been with Michigan spec-
u}arite (jasper ore), which at present is being commercially concentrated by a flota-
t{OH process. A standard procedure has been developed for testing the efficiency of
different flotation agents with this ore. The ore first is crushed fine enough to pass
through a 20-mesh screen and then is de-slimed (that is, very fine material of minus
19-micron size is removed) by use of a hydraulic elutriator. Flotation then is car-
ried out using each fatty acid under test at a series of pH values and, in some in-
stances, employing different ratios of fatty acid to ore (figure 1).

'I:he iron content of the concentrates and of the tailings then is determined. This
work i1as been carried out in the analytical laboratories of the Mines Experiment Sta-
tion, University of Minnesota.

In calculating results, one finds that both the final content of iron in the concen-
trates and the percentage recovery of iron is of importance. For a given series of
tests, the curves obtained by plotting both of these factors against pH can be compared.

more simple measure of the efficiency of collectors is possible by calculation of
the Selectivity index (S. 1.):

S. L

M X n where
m N

Percentage of iron in concentrate
Percentage of iron in tailing
Percentage of insoluble in concentrate
Percentage of insoluble in tailing

SZg =
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The selectivity index varies from 1, when no concentration has been made,
ity for complete concentration (never practically obtainable).

Concentration experiments have been completed at a series of pH values |
tween 5 and 9, comparing the selective index when using oleic acid and the m
ty acids from pilchard oil. On the ores so far investigated, the optimum pH &g
lie between 6 and 7. Selectivity is extremely poor at pH 8 or higher, and frot
unsatisfactory below 5. When an addition of fatty acid of one pound per ton of
was employed (the optimum value for oleic acid), the pilchard fatty acids show
lower selectivity index than did the oleic acid. When, however, the pilchard
acid concentration was lowered to 0.5 pound per ton of ore, the selectivity i
equal to that of oleic acid, at the lower pH values, and was markedly higher, at

value of 8.

g

A systematic investigation of the effect of fish-oil fatty acids, fractionated ac-

cording to degree of unsaturation and approximate chain length upon their effective-
ness as iron-ore flotation collectors, is under way. :

Fractionation of both menhaden and tuna oils was carried out in the laboratories
of Hormel Institute. Separations were made by distillation of the methyl esters of
the fatty acids in a spinning-band column followed by lead-salt and low-temperature
crystallization from Skellysolve F and by use of urea-complex separations. Thede-
tails of these separations are shown in figures 2 and 3. Chemical constants of the
separated fractions were determined and are shown in table 1, ]

B Table 1 - Fractions of Fatty Acids or Methyl Esters Obtained
from Menhaden and Tuna Oils
Menhaden Oil Tuna Oil
Sample : Saponification [ Iodine || Sample [ :+v | Saponification| Iodine
No. | ontity Value No. | No, | SU2PHtY| ™ Py aiue NN
M1. M1,
1 5 1/ 1/ 14 10 1/ g’
2 100 214.5 144.0 15 150 1941 115.8
3 150 207.2 181.2 16 50 193.6 197.4
4 10 1/ 1/ 17 10 1/ 1/ |
5 250 219.2 67.6| 18 150 200.8 |
6 250 204.1 109.7 19 150 197.2
7 2/ 2/ 20 2/
8 2/ 2/ 21 2/
9 2/ 2/ 22 2/
10 225 166.5 196.5 +
12 50 179.7 202.2 25 25 175.8
13 50 175.2 111.1 26 75 170.8
1/ DENOTES SAMPLE TOO SMALL FOR ANALYSIS. i
2/ DENOTES SOLID, SATURATED FRACTION AND THAT NO ANALYSIS WAS MADE. #L "l

Application of these various fractions of fish oils to the flotation of certai
sabi Range wash-ore tailings are now under way. Although all fractions have

completely tested, enough results for some preliminary conclusions have been
ed. Figure 4 shows the relationship between the degree of unsaturation of the
fractions, as expressed by iodine value, and their efficiency as ore collectors, as|
en by the selective index. These preliminary results indicate that the effici "
fatty acids as collectors for iron ore is determined, at least in part, by the
unsaturation. Fatty acids having iodine values in the range of 70-115 give the
est efficiency. This range includes the degree of unsaturation of oleic acid, ¥
been used as a standard in the work to date.

__ The oleic acid used has been a relatively pure product, whereas in the
cial flotation operation, an impure commercial grade oleic acid is employeds
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reliminary experiments, it was found that the efficiency of oleic acid was greatly af-
fected by its purity. Accordingly, work is now under way to compare the efficiency
of the oleic acid used in commercial iron ore flotation with that of the purer oleic
acid used in this research. Work also will be started soon on derivatives of fish-oil
fatty acids prepared at the Service's Seattle Fishery Technological Laboratory.

ACKNOWLEDGMENT

To H. S. Choi, who carried out the ore flotation tests; to K. V. Batra, who car-
ried out the fatty acid separations; to Dr. W. O. Lundberg and staff of the Hormel
Institute, who carried out the complex fractionation separations; and to H. H. Wade,
Acting Director of the University of Minnesota Mines Experiment Station, whose an-
alytical laboratories carried out the iron analyses.

1’.;) fl\a_,,-r/}

\‘_‘:)_N - \.J

FERTILIZING THE SEA

In different parts of the world, the technique of applying chemicalfertilizers
to increase the yield of fish inthe sea has been used both experimentally and on
a commercial scale in an attempt to increase the fish yield in the sea. Under
natural conditions, the sea can only support a limited population of marine
animals. The food chain in the sea is very complex, small animals feeding on
small plants, larger animals feeding on the small animals, and in turn being fed
uponby the fish. Theoretically if the abundance of any link in the chain could be
increased, the fish would also increase in quantity. Inmost marine situations,
itdoes not appear to be feasible to introduce a sufficient number of living organ-
isms to have a significant effect onthe food chain. The method which has been
used is that of applying chemicals or organic waste to the water to increase the
abundance of the lowest living link in the food chain, the tiny plants. If this were
done in the open sea an enormous wastage would occur since the ocean currents
would disperse the fertilizer and perhaps also the organisms feeding on it.
Thus it seems that this experiment could only be successful if conducted in an
enclosed area of water. Some water exchange may be necessary to maintain
the oxygen supply.

An experiment of this type was carried out in an inlet on the west coast of
Scotland. This technique has also been used in pond-culture work in Japan and
elsewhere. While an increase in the yield of fish can be obtained using such
methods, the gain is notusually in proportion to the amount of fertilizer applied.
Some of the fertilizer may be wasted if it sinks to the bottom and became un-
i}vailable to living organisms. Some of the fertilizer will be taken up by organ-
1sms which do not enter into the food chainof the fish whose yield the experiment
is intended to increase. Such organisms may prey upon the organisms in the
food chain or on the fish themselves. Hence it is possible, under special cir-
Cumstances, to increase the yield of marine animals, but "'sea farming'' will pay
only rarely, if at all.

--""Sea Secrets,' September 11, 1956
The Marine Laboratory,
University of Miami,

Coral Gables, Fla.




