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Upon undertaking this work, it was the contention that
preparation of a salable phosphatic fertilizer could be ac-
complished from the ores available in Chile, South America,
as guano deposits. The purpose of the study was to prove

or disprove this‘oontontion.
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CONCENTRATION PROCESSES FOR LOW GRADE
CHILEAN PHOSPHATES AND THE PREPARATION OF
ETILIZAB&I PRODUCTS THEREFROM

INTRODUCTION

The Chilean market for phosphatic fertilizers has been
particulerly fond of & natural phosphate~bearing material.
This commodity, vhich was obtainable in northern Chile, had
& phosphoric acid content of slightly a.bov; 20% 1’395. As
indicated by the solubllity in acid citric, the phosphorus
vas readily available, Furthermore, the coexistence of
amounts, though smell, of Potassium salts and of Nitrogen
promoted the favorable consideration by consumers. The
deposits novw are about depleted. In approximately the same
location, lov grade phosphates of around 6% 1'205 have been
found. This phosphorus is salso readily available, but the
1'295 content is too low to permit economic shipment, hane
dling, and use. Centers of consumption are located at least
1500 kilometers away from the deposites. Information regard-
ing total possible tonnage #s not available to the writer;
however, he has been officially informed that should an
efficlent process be found for the economical upgrading of
this ore, a medium-size plant will be constructed as an
initial operation. It is also known that attempts have been
made in Chile to attain significant concentration, but testsa,
28 yet, have been unsuccessful. The author does not have



information regarding the nature of those attempts. It was
with the thought of providing a solution to the concentra-
tion problem that this work was umdertaken.

Measurement of the success or failure of procedures

ocould be made by reference to established speecifications.



Description of Deposits

The already known deposits are located on the Chilean
coast, not farther than 3.5 kilometers inland. Iengthwise,
they are distridbuted between parallels 21 and 23, South of
the Equator. Within these boundaries, the deposits are
goattered irregularly. The best known places appear on the
map, page 4, underlined in red. Their altitude varies
between a few meters and 500 meters above sea level. The
beds are not wniform in dimensions, and are continuously
interrupted with valueless material. They are commonly in
ancient, dry oreeks; ocavities, in srevices, and in oracks.
Their thickness is variable, sometimes reaching up to three
meters. The samples upon which this investigation was
conducted are from Punta de Lobos. In this location, the
deposits are about three kilometers long and 0.5 km. wide.

There is no overburden, as a rule. In few places,
the deposits have been slightly covered by a sandy clay
acoumulated by the wind. The material in situ is not
sconsolidated. Because of the lasck of cementing agents and
vehicles, the material is easy to disintegrate, even that
extracted from the bottom layers.

The ore is found on the surface as a loose agglomerate
of grains of different sizes. The main components are silioca,

galeium carbonate and a brown phosphate-bearing complex.
Also found, although in much less guantity, are: masses of
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long orystals surrounded by sand and other cemented
materials; oconcretions of erystals, probably gypsum
gtruotures; incrustations; fish vertebrae, and even bones
of small namnals, likely turtles; bundles of mineraliszed
fivers, etoc.

It does not seem likely that the brown phosphate-
bearing complex has its origin in bones besause practiocally
no caloium earbonate is present therein. The calcium
ecarbonate present in the composite of unconsolidated mixture
can be easily identified, macro and miocroscopically, as
parts of marine shells and as small shells, which are
completely soluble in acid hydrochloric. Moreover, the
'highsr content of Pg0g is found in the finer fractions; in
these, not even fragments of bones could be identified.

The phosphate-bearing complex could be the result of
animal depositions over a ferruginous alkaline ground,
which is typieal of that part of the country; the action of
animal organic acids upon the iron being responsible for
the brownish shade of the complex. Observations made during
the txmorinants lead to think that such organic~inorganie
gcomplex is of an acidoid nature. The fibers found are
definitely not of feather structure, nor hair-like either.
Not enough evidence has been accumulated to establish
whether those animals were birds or mammals,

The slmost complete solubility of the phosphatiec
portion in ammonium citrate discards the possibility of a



mineral origin. Partial investigation of the water-soluble
fraction of the phosphate-bearing complex showed the
presence of Sodium, Potassium, Chlorides, and traces of
Sulphates. From these observed fascts, the tentative
eonclusion that these deposits originated as a result of
animal life in the neighborhood of the ocean can be derived.
Investigation of Bromine, Iodine, other minor elements of
marine nature, as well as further research upon the fossils
remains found should throw more light on the gquestion of
the origin of this organic phosphatic roek. While the
marine remains present,--mainly shells~--, are characteristic
of the Upper Cretaceous time, the organic excrementitious
rock has been originated later, in the Quaternary period.
The underlying rock in the Coast Range, which is not older
than the Mesozoic time, is granitoid.

The land belongs to the Chilean State. The region is
entirely barren, with no atmospherie presipitation
whatsoever. No fwesh water is available on the ocast at
those latitudes, except in ports supplied from the Andes
by pipeline. Sea water is the only liquid that could be
used in any benefitiation plant of commercial importance.
Favored fuels in Northernm Chile are: coal shipped from the
South and oils imported from foreign countries. ILarger
nearby ports such as Iquique, Toscopilla, and Antofagasta
oan be easily reached by domestic plames, liners, or trains.
In order to go from there to smaller ports or coves in



between, such as Mejillones and Punta de Lobos, use should
be made of automobiles, motor boats, or coasting trade
ships. All these places are connected to the main telegraph
and telephone lines.

In 1943, funds were allocated to conduoct a survey and
drilling. It is not known whether or not this work has been
done already. No information has been available as to
tonnage of ore estimated. Further information concerning
the appearance and chemical as well as size composition will
be found in subsequent parts of this writing.



Some Properties of the Ore

Classificstion of Sacks of the Material Received from
Punta de Lobos, Chile

Two metric tons of material for experimentation were
received from Chile. The sacks were shipped from Iquique
to New York by boat; from New York to Corvallis, Oregonm, by
rail, and trucked to the Chemiocal Engineering Department.
As stated before, this sample was taken from the deposits of
Punta de Lobos (see Map). The ore arrived in thirty sacks,
and each one was given a tag, serially numbered from No. 1
to No., 30. This means of identification is used in this
writing. Upon preliminary inspection, it was found that the
phosphatie sand was not entirely uniform in size throughout
the thirty sacks. Some saocks gontained rock with few coarse
grains, snd in others, the material was non-uniform. NoO
other differences could be determined by visual inspection.
To provide representative samples for experimentation and the
measurement of differences, the thirty sacks were divided in
two groups: Oroup A, and Group B.

Group A: Sacks containing rock with few coarse grains,
and of uniform appearance.

Group B: Sacks containing rock with abundant larger

grains, of uneven appearance.



Srowp A Sroup B
Saoks No: 1 2 3 6 Sacks No: 4 65 8 9
T 10 12 16 11 13 14 156
17 19 23 26 18 20 21 =22
26 27 29 30 24 28
Total: Sixteen Sacks Total: Fourteen Sacks
Solox

The rock has a light brown shade (ecinnamon). Upon elose
examination, white as well as dark-grey particles can be seen.
The material is not phosphorescent under violet light.

Fluidity

The ore flows easily. It is dusty, but particles of
dust settle fairly quiekly in the air; the dust has a high

absolute density.
Qdor

When the material is handled and particles of the dust
are floating, a slight odor is apparent., The odor is too
gui generis to be described. After the particles settle,
there is no odor. The material has been stored in a elosed

room for months where no particular odor can be detected.

Apparently, there is no matter which is volatile at room

temperature.
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Eygroscopleity

The rock is not hygroscopis. BEven more, when moistened
or wet samples were left in a room under usual conditions,
they always dried to the seme degree as the original samples.

When wet, the material is darker in color.

Bulk Spesific Gravity

Determinations were made following the technigue
preseribed by the American Society for Testing Materials(l)
A 250-g.0. Le Chatelier flask was used. Five determinations
were made in all: two on sscks of Group A, and three on sacks

of Group B.
Growp A Group B
Sack Bulk Sack Bulk
___‘Qi Sp. Q}:- Ko. @c g'}:w
6 2.86 9 2.70
19 2.78 156 2.72

28 = 2.70

Size Composition

A substantial idea of the appearance of the ore may be
obtained from Fig. No. 1, page 11, which is a microphotograph
of the whole, just as received. The presence of particles of
different sizes in this unground, natural material, suggested
a size analysis; this should eventually lead towards the
jdentification of the major constituents.



m'. 1 Unground Phosphatic Sand

11
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The Tyler Standard Sereen-scale and sieves were adopted
and used throughout this work. The equipment consisted of

the following:

One set of Tyler Standard Sereen-scale Sieves
The W. S. Tyler Co., Cleveland, Ohio.

One RO~TAP Mechanical Sieve Shaker; No. 4218; actuated
by a 1/3 h.p. General Electriec motor.

One Tyler Automatic Timer; Hodel B033B.
One Teohnical Balance. Sensitivity: 0.1 gram.

The weight of samples used in size analyses throughout
this investigation varied, according to the predominant
degree of fineness, from ten grams up to fifty grams.

Samples were always shaken for ten minutes, which time proved
to be sufficient to cause all corresponding sizes %o pass
through the respective sieves.

Seven sacks (1-6-12-19-25-28-30) were selected for sieve
analyses. Results have been arranged in Table 1, appearing
on page 13; they are also plotted in Figs.2-5, pages 15 and 16.
Examination of the figures indicate that for each and every
particular size, the percentages retained are quite uniform
for the seven sacks. Sacks Fo. 19 and 28 are richer in
ecoarser particles and scorrespondingly low in the finer grains.
Upon consideration of the average, it is seen that only four
sizes; nmamely: -14/+20, -20/+28, -28/» 35, and -85/-48, are
responsible for more than half of the weight, i.e., B4 per
sent; also, that slmost one fifth of the material goes



TARLZ I, SIZING ANALYSES OF UNGROUND PHOSPHATIC SANDS

Individual Percent Retained

Sack Total
¥o.  No. #1310 - =10 14 20 28 =35 AR SR . WD e
Mesh FIZ T20 #28 35 13 F65 FI00 Mesh
G 8.1 B4 10,8 fee N iEd e 6.5 BB 19,1  100,0
g 8 3.8 S.7 Y40 1he ad.elerE ety 7.1 3.8 19,2  100,0
s 12 4.9 3.9  13.0 17.9 1144 9.0 7.5 7.4 4,1 20,9  100.0
P R ) 5.8 14,8 20,01 12,5 10,0 8.2 P4 . 5.5 16,4  100,0
5. .26 . 89 FRT U 7Y URE L G 1 SR SR 8.0 4.8 21,5 ° 100,0
¢ BE B0 5.5 1646 20.2 12,3 11,0 749 6.7 3.l 13,7  100.0
w.  wg g g S.4 - 12,7 18.8 12,4 10,3 8.4 7.9 4,6 19,2  100.0
Avge 4432 3496  13.61 18493 11,90 ' 9,78 T 729 3490 18,57 10040

et
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Teble 1 (Contd)
Sizing Analyses of of Unground Phosphatic Sands Sands

Cumulative Percent Finer

; Minus
Sack 10 14 20 28 356 48 656 100 1560
No. No. Mesh Mesh Mesh Mesh kesh Mesh Mesh Mesh Mesh

1 1 91.9 88.5 75.9 B57.1 45.4 36.3 29.1 22.6 19.1
& 96.2 92.6 78.5 b58.9 47.0 37.5 30.1 28.0 19.2

12 95.1 91.2 78.2 60.3 48.9 39.9 32.4 25.0 20.9

19 95.9 92.1 77.9 57.8 45,5 35.56 27.3 19.9 16.4

2
3
4
6§ 25 96.1 92.1 79.9 62.8 B51.6 42.1 34.3 26.3 21.56
6 28 97.0 91.B 74.9 b54.7 42.4 31.4 23.56 16.8 13.7
; 4

%0 97.6 94.2 81.5 62.7 60.3 40.0 31.6 23.7 19.2
Ave. 95.69 91.73 78.11 59.18 47.30 37.53 29.76 22.47 18.57
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SIZIKG A.NALYSIS OF UNGROUND PHOSPHATIC SANDS
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SIZING ANALYSIS OF UNGROUND PHOSPHATIC SANDS

Fig. 3
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Unground Pho tic Sand
20/28 - n:pa?

Fig. 5

Fig, 4 %m;rz:gh:tio Sand



Fig 6 Unground Phosphatic Sand Fig 7 Unground Phosphatic Sand
35/48 - mesh 48/65 - mesh



Fig. 8 Unground Phosphatic Send
100/150 - mesh

Pig. 9 Unground Phosphatiec Sand
Minus 15C mesh

61
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through 150-mesh. Sacks No. 6 and 28 were considered to be
exaoctly representative of Groups A and B, respestively.
Anpcati of the several fractions of a mixture 1;1 of material
from Sacks No., 6 and 28, are shown in Figs. 4-5-6-7-8-9,
pages 17, 18, and 19.

Dimeneions, in ferms of the Tyler Standard Sereen-scale,
are given bolo#bl

Mesgh Cpenings

20, o, Anches
10 1.6561 0.065
14 1.168 0.046
20 0.833 0.0328
28 0.589 . 0.0232
356 0.417 0.0164
48 0.295 0.0116
65 0.208 0.0082
100 0.147 0.0088

150 0.104 0.0041

All the remarks and results following in the rest of
this chapter refer to a sample obtained by mixing ore from
Sacks No. 6 and 28 in equal parts. I% is thought that the
results are appliecable to the sntire sample as previously
indioated,

White, flat, round-edged, shell-like particles abound
in the larger sizes. They are the hardest of all eomponents
to grind. Some were hand-picked and their chemical
composition determined. Fig. 10 is a photograph of these
partiecles. Reference to analytical procedure is made in
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further part of present sub-chapter.
Chemical composition of the white, flat, round-edged

particles:
Oalcium Carbonate 98.1%
%::a;lgianirhOlphato o.g
oluble in A.R.
Total F%fﬁﬁ

Apparently they are marine fossils, parts or shells of
mollusks. The presence of small amounts of phosphorus and
gilica might be explained by contamination.

Crystalline, irregularly broken, light colored grains
are also abundant in the coarser fractions. In a fashion

similar to that mentioned above, their composition was

determined:

Caleium Carbonate 6.4%

Tricaleium Phosphate 2,9

Insoluble in A.R. 80
Total .

Undoubtedly, these grains are free quarts.

Bluish grey, sharp-edged grains are present in the
intermediate sizes. When ground, the resultant powder has
a brownish grey color. Its chemical composition is:

Calecium Carbonate 11.1%
Tricalcium Phosphate 4.2
Insoluble in A.R. 80.1
Undetermined 4.6
Total .

These are quartz grains, probably contaminated by or
combined with metallioc oxides. A picture appears om page 22,

Fig. 11.
Two more types of grains are evident in very small



Fig 10 White, shell-like particles Fig 11 Gray, sharp-edged quartz
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quantity. These were separated during the Tabling
experiments, and their sizes vary from 0.3 mm. to 0.1 mm.
One type is rod; floats in Bromoform, and was identified
as a variety of c¢lay. The sscond type is black and
strongly uagnniic. It sinks in Bromoform, appeared in the
upper spigots of the Spiral, and is probably magnetite.

¥o subsequent identification was attempted.

Saline Materials: Onme portion of the sample was
leached with five times its weight of cold water. Color
was not affected. Sodium, Potassium end Chlorides were
determined in aliquots. Sodium was determined by the
Uranyl Acetate method. Potassium was precipitated with
Gobalti-nitrite and the precipitate fitratod with Cerium
Nitrate and Sodium Ozalate. Chlorides were titrated with
Silver Nitrate. The following results refer to percentages
by weight of original ore:

Sodium Chloride (Na C1) 3.0%
Potassium Chloride (X 01) 1.3%

Upon evaporating another aliquot on the steam bath
nothing remained but a saline residue.

Organig Matter: A portion of the original sample was
leached several times with boiling water. The residual ore
had seme shade as before. Upon evaporating the bulk of
f£iitrate and washings on the steam bath, a slightly yellow
jelly-like residue was obtained. Its odor is exactly the
same as that of the original ore. This residue gharrsd
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upon heating with a direct flame. It certainly constitutes
the organic part of the phosphate-bearing complex. It is
insoluble, or almost so, in cold water, but dissolves in hot
water. Total Nitrogen was also determined in the original
ore. The Kjeldahl modified technique was followed; the
distillate was sollected in boric acid and titrated with
gtandardized acid. A blank was simultaneously run. The
result was:
Nitrogen (N) 0.39%

Behavior Upon Heating: An eleotric furnace was used
to heat the material to 300°C. for two hours. The color
of the sample turned into grey. The sample was further
heated for two more hours at 800°C. After reaching a light
grey, no other change in color was observed. The losses

are reported on Table 2.
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Table 2. ILoss of Weight by Heating

Loss of Weight
Referred to Original Sample

Heating ; Individual Cumulative
Conditions :
% %
800°C. for 2 hours 6.5 6.6
8009C, for 2 hours
additional 18.6 26.1

The loss of organic matter by a hot thorough leaching
did not change the original color. Hence, the discoloration
of the roeck by direct heating must bs due to the loss of
other subetence. It is believed that = dehydration, and
eventually a destruction, of the organio-inorganic ecmplex
tokes place during the heating; probably this involves the
transformation of a dbrown, hydrated ferric phesphate into a
white (practically) eamhydrous ferriec phosphate. A
determination of iron by the Zimmermann-Reinhardt procedure -
indicated a content of 1.5% by weight in the ore, expressed
as the metal Fe, The evolution of earbonic acid from the
partial decomposition of the saleium carbonate must also
account for part of the total loss of weights; a longer and
more intense heating would make the transformation into

galeium oxide practically complete.



26
Zotsl Phosphoris Aeid, Galcium Carbonate, snd Inseluble

Analyticsl Determinations: As to total phosphoric acid,
the alkalimetric method was seleoted because of its

simplicity and acouracy. The technique followed was that
given by the Bureau of Standaras‘®). The alkaline solution
was standardized against the Bureau of Standards Standard
Aoid Potassium Phthalate No. 84(%), The aetd solution was
standardized against the alkaline -alntion; The method was
double checked at the start: 1) with the Bureau of Stnndar&i
Standerd Sample No. 56 of Temnessee Phosphate Roek!®), and 2)
with the Bureau of Standards gravimetrie methoﬁ‘s)o Detormi-
nations were always made in duplicate; the average was :
caloulated for consistent resuvlits. Otherwise, a third
determination wgs made in a few cases. Results are expressed
both in phosphoris acid and in B.P.L. (Bome phosphate of lime)

as percentage by weight of original ore. ;

Ooneerning the determination of total Caloium, an
alfquot of the acid solution of the sample uﬁavu:od.' Caloium
was precipitated with ammoniuw osxalate. The caloium oxslate
was dissolved in porhhloric #cid end this solution titrated
with standardized Cerium Nitrate. Single determinations were
made,

The figures for Caleium Carbonate were computed by
subtracting the stoichiometric Calcium Oxide corresponding
to the phosphorio aeid from the total Caleium Oxide. The

resulting difference was then stoichiometrically conmverted
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into Calcium Carbonate.

. Imsoluble in Aqua Regia was determined after the Bureau
of Standards method for Phosphate Rook’) Single
determinations were made.

It is not claimed that the figures for B.P.L. and for
Caleium Carbonate represent the chemical compounds as
present in the ore. Probably the iron is linked to a portion
of the phosphoric acid. Likewise, some organic caloium may
be present. It is thought that the figures for total
phosphoric acid are entirely reliable, and that they serve
the best for subsequent computations of recoveries and for
judging recovery efficiencies.

Distribution of Phosphorie Aeid: In order %o obtain
useful information as to how the phosphatic content is
distributed throughout the ore, determinations of Py0p were
mede in the several sizes. The results, both individual
and cumulative for seven samples, are arranged in Table 3,
page 28. Fig.12, page 30, is a plot which shows how the
respective averages fluotuate with sige.

Proximate osition: Figures for Insoluble,
Triecaleium Phosphate and Caleium Carbonate, are reported
on Table 4, page 31. The results for two samples: Sacks
No. 6 and 28, are included.

From inspection of Table 3, it is seen that the

phosphate-bearing material accumulates in the finer siszes;
namely, below -100-mesh. Figures on Table 4 show that the
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Table 3
Distribution of Phosphoric Acid According to Sizing Analysis

Sack No. 6
Grade
Retained Grade Cumula- Cumula- Individual
Indi- Indi- tive tive Distribution
Mesh vidual vidual Finer Finer of Pglg

Wt., % % PO Wt. % % P0g % of Total

None 8.2
Plus 10 3.8 3.3 96.2 8.4 1.6
Plus 14 3.7 2.9 92.56 8.6 1.4
Plus 20 14.0 S.1 78.5 9.6 5.2
Plus 28 19.6 2.4 58.9 12.0 5.7
Plus 35 11.9 3.3 47.0 14.1 4.8
Plus 48 9.5 5.0 37.5 16.56 5.8
Plus 65 7.4 6.4 30.1 19.0 5.7
Plus 100 Y. 9.7 23.0 21.8 8.4
31:3 %gg 12.8 %6.& 19.2 22.6 Eg.g
us . B. .
66 055
Sack No. 28
None 5.4
Plus 10 3.0 2.2 97.0 5.5 1.3
Plus 14 5.5 1.3 91.5 5.8 1.3
Plus 20 16.6 2.4 74.9 6.5 7.4
Plus 28 20.2 2.5 64.7 8.0 9.1
Plus 35 12.3 2.9 42,4 2.5 6.6
Plus 48 11.0 3.9 31.4 11.5 7.9
Plus 65 7.9 4.8 23.5 13.7 7.0
Plus 100 6.7 7.0 16.8 16.4 8.6
Plus 150 5.1 12,56 13.7 17.3 7.2
Minus 150 13.7 17.3 43.6

3
:
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Table 3 (contd.)
Phosphoric Aeid Content Acsording to Ore Sizes

Sample Used in ggzoriuonts
Retained Grade rade Tndividual

Indi- Indi- Cumulative( ™) Distribution
Mesh vidual vidual(®) Finer of Pg0p

W, % % Pg05 % Pa0g % of Totel
None 6.8
Plus 10 3.4 2.8 7.0 1.4
Plus 14 4.6 2.0 7.2 1.3
Plus 20 15.3 2.8 8.1 6.3
Plus 28 19.9 2.4 10.1 7.
Plus 3B 12.1 3.1 12.0 5.4
mﬂ. “ 1003 ‘-‘ 1452 6-6
Plus 65 7.7 8. 16.7 6.3
Plus 100 6.9 8.4 19.6 8.5
Plus 150 3.4 15.5 20.4 7.8
Minus 150 16.4 20.4 49.3

(*) In the computation of these values the corresponding
percentages by weight of the fractions retained have
also been taken in acsount.
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Pg0g CONTEKRT ACCORDING TO SIZES
Sample Used in Experiments

Fig. 12

7 8 810

€

7 8 910

6

78 910

6



TARLE 44~ PROXIMATE ANALYSIS OF RAW IJATERIAL
Two Samples
Insoluble Cag (PO.,(B Ca COg Undetermined Total
% %
Mesh
Sack Sack Sack Sack Sack Sack Sack Sack Sack Sack
6 28 6 28 6 28 6 28 6 28
+ 10 19.1 41,8 742 4.8 6243 44,1 11,4 943 100,0- " 100,60
+14 18,9 48,0 6e3 2.8 5548 24,7 19,0 24,5 100,0 100,0
+ 20 17,1 34,1 6.8 502 6348 59 41 12,3 1.6 100,0 100,0.
+ 28 179 25,49 5.2 565 70,8 6545 6el 3el 100,0 100,0
+ 35 2245 3248 742 e 65.4 58,0 4,9 249 100,0 100 ,0
+ 48 42,3 47,0 10,9 7e5 31,0 30,1 15,8 15.4 100,0 100,0
+ 65 56,7 6304 14,0 10,5 20,0 19,3 943 648 100,0 100,0
+100 48,2 55,7 1.2 1543 iZ.O 11l.4 18,6 17,6 100,0 100,0
+150 25,4 28,7 55,4 87,5 29 .4 273 98 16,7 10040 100 ,0
-150 360 672 49,4 37 «8 None 15,8 47,6 40,2 100 ,0 100,0

1¢
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guartz predominates in the intermediate fraections, with
negligible percentage in the ~-150-mesh. Caleium Carbonate,
however, is the highest in the coarser grains.
"Undetermined" includes orgenic matter, iron and other
minor elements, salts, and water of erystallization. The
"undetermined” accounts for almost half of the weight of
the -150-mesh frastion. This is an importent faot when
the upgrading of the ore is considered. Upgrading is the
gubjeat of the following chapters.
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Specifications Required in the Product

Sising Analysis
The concentrated material shall pass through Mesh
No. 80, (876 meshes per square centimeter). An
allowasnce of 20% of plus 80-mesh material is per-
mitted. In no case shall the fertilizer contain
grains larger than 3 millimeters.

Total Acid Phosphorie
The total sontent of phosphoriec acid shall be greater

P20p Readily Available

The amount of phosphorie acid soluble in acid eitrie,
2% aqueous solution, is a favorable factor in judging

the fertilizer.

- Nitrogen and Potash
The presence of Nitrogen and Potash is desirable.
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Hydraulic Classification

Sizing Tests on "Dorreo" Fahrenwald Clagsifier

Statements: The assumptions under which Stokes',
Newton's, and Newton-Rittinger's relations hold are far from
being met in the case of this ore. Because of the
simultaneous presence of small and large particles, neither
Newton's or Stokes' formulas apply. As to shape, pietures
and soreen analyses show that approximately 70% of the
material does not have, nor even approximates, the shape of
spheres, which is one of the assumptions under which the
mentioned relations work. ﬁnloss correction factors for
gphericity and for orowding conditions were known for this
ore, the use of thq formulas was considered inadvisable.
Moreover, the diftéranao in specific gravities, which is a
relevant factor in hydraulie separation, is very small.
Because the phosrhatic complex contains organic matter, the
8p. gr. probably is lower than the 3.14 figure accepted for
the pure tricaleium phosphate. If a value of 2.7 is assumed
for the sp; gr. of caloinm carbonate and of quartz, then
there is scarcely a difference of 0.3 in the sp. gr. of the
substances which were to be separated.

The considerations for the present case favor an
experimental, rather than a strictly theoretieal approach
of hydraulic classification.
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Prineiples: As hindered-settling is the condition in
which separation might take place in commercial scale, &
Fahrenwald Sizer was considered suitable for this study.
Here, a mixture of grains of different specific gravities,
shapes, and sizes, orowded in a thick pulp, is sorted by a
rising stream of water. Fines and/or light particles are
carried away with the upwards flow, while coarser and/or
heavy grains fall. Means are provided to regulate working
conditions, and to remove the products of separation.

Purpose: The specific objective of this experiment
was to find out whether or not hydraulic classification
under hindered-settling conditions was applicable to this
ore.

Bquipment and Modus Operandi: Main pieces of equipment
used were:

Two Water Meters. No., 1083570,
Buffalo Meter Co., Buffalo, N. Y.

One "Vibra-flow" Feeder. Type FG. Style 1602.
Ser. No. DF45228, Syntron Co., Homer City,
Pa.

One Syntron Electric Controller. Type FCO.
Style 4283. Serial No. D2C 45229,
Syntron Co., Homer City, Pa.

One "Lightnin" Mixer, compressed-air driven.
Kodel AR 08. Ser. No. 420430.
Mixing Equinment Co., Ine., Rochester N. Y.

One "Dorreo"™ Fahrenwald Siger. 5" x 5" x 12"
gizing column. Ser. No. F-b-D.
The Dorr Co., Ine., New York
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One Six-gallons capacity Tank
One Ore Bin
Piping, Fittings, Gages, Stands, Valyel. eto.

The equipment was arranged in cascade as shown in Fig. 13,
page 37. A Flow~-sheet is reproduced in Fig. 14, page 38,

Dry ore was delivered at lmown rates by Feeder 3 to
Mixer 4 where Feed Water was also admitted. TFeed water
volume was recorded by a Water Meter. From Mixer 4, the
pulp went into the Sizer. Here the so-called "Hydraulie
Water" entered the system to provide the hydraulie pressure
necessary for a rising current of water. While the coarser
fractions of the ore settled and were intermittently
~discharged through the spigot in the bottom, the fines
| remained in suspension and were separated as the overflow.

A teetering effect was maintained in the sorting column.

Four tests were made, which will be designated as Runs
Fo. 1, 2, 3, and 4, respectively. As to raw material,
everything smaller than 28-mesh was used in Runs i, 2, and 3.
In Run 4, the whole ore was tested. The sample was a mixture
of 1:1 of Sacks No. 6 and No. 28, Tap water was used in all
cases.

Run No. 1: This test was of a tentative character
intended to give approximate information about pulp
thickness, rate of feeding ore and water, and range of
‘hydraulic flow. Valuns.aonpatiblo with the size of the

equipment were desirable and obtained.



Fig. 13 Arrangement for Hydraulie
Classification
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Run !20 81

Experimental Data:

Size of Ore : ~-28 mesh
Pulp Thickness Ore:Water Ratio 1:4
Ore Fed, in kgs. 3.00
Hydraulic Water, rate of flow,

in liters per minute 3.6

Length of Run:
Total of 16 minutes for the whole run,
11 minutes of actual classification.
Operation was continuous and constant.
Fines Recovered (dry), in kgs. 1.32

Spigot Discharged (dry), in kgs. 1.52

The Spigot and Overflow products were separated by
decantation and then dried in a steam-heated air-circulating
oven at 100°C. for several hours until constant weight. To
judge sizing efficiency, sieve analysis were made both omn
the Spigot and on the Overflow fractions. Results have been
tabulated in Table 5, page 40.



Table 6. Sieve Analyses of ¥eed and Products for Run 2
Feed( ™) Overflow Spigot
Mesh  vidtal  Javive viémal  lative viful . labive
No. Retained Finer |[Ketained Finmer Retained Finex
% by weight % by weight % by weight
25 0,8 9.8 1,0 9.0 8.9 a3
36/48  18.1  60.7 2.4  96.6 28.9  44.8
48/66 13.8 47.2 .4 93.2  21.2 23.0
66/100  12.2 36.0 7.8 85,4 15.8 7.2
100/180 6.0 29.0 16.2 69.2 4.2 3.0
-150 29.0 -- 69.2 - 5.0 -
Totals 100.0 - 100.0 - 100.0 -

(*) This column was computed from Table 1, page 13.
Values for the 80-mesh fraction reported herson were
always found by pgraciieal interpolation.
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In order to compute the efficiency of separation, the
phosphoric acid content was determined in all fractions.

Results obtained are reported in Table 6 and Table 7, below.

Table 6. Grades in Overflow

Grade Individual
Grade Cumulative Distribution
Megh Individual Piner of Grade
% Pg0g % B.P.L. % Pg05 % B.P.I. % of Total
None 21.4 46.8
+48 7.6 16.6 21.9 47.9 1.2
48/65 13.1 28.6 22.2 48.5 2.1
65/100 14.1 30.8 22.9 50.0 5.1
100/150 £20.9 45,7 23.4 51.2 15.9
"‘150 2304 51-2 - _—— 75.7

P e e

Table 7. Grades in Spigot

Grade Individual
Grade Cumulative Distribution
Mesh Individual Finer of Grade

% PoOs% B.P.L. % Pg0g % B.P.L. % of Total

None 3.3 7.2

+35 1.7 8.7 4,0 8.7 A 13.6
35/48 2.1 4.6 5.2 - 1.4 18.1
48/65 3.0 6.6 15.7 19.0
65/100 4.4 9.6 13.3 29.1 20,7
100/150 9.3 20.3 19.0 41.5 11.6
-150 19.0 410 5

e -- 17.0
100.0
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In order to examine the distribution of the rest of
the main components, determinations of Insoluble and Calecium
Carbonate were also made in all fractions. A tabulation of
the results appears in Tables No. 8 and No. 9, below.

Table 8. Proximate Composition of Overflow in Run No., 2

; Caleium
Mesh B.P.L. Carbonate Insoluble Undetermined Total
No. % % %
+48 16.6 34.3 28.5 20.6 100.0
48/65 28.6 5.2 23.6 42.6 100.0
65/100 30.8 None 22.8 46.4 100.0
100/160 45.7 None 8.8 45,5 100.0
"'150 51-2 !On‘ 3.1 ‘5- 7 100.0

M

Table 9. Proximate Composition of Spigot in Run No. 2
Caleium

Mesh B.P.L. Carbonate Insoluble Undetermined Total
No. % % % %
+35 3.7 64.6 28.6 3.1 100.0
35/48 4.6 42.0 53.0 0.4 100.0
48/65 6.5 23.4 65.1 5.0 100.0
65/100 9.6 15.9 69.6 4.9 100.0
100/150 530.% - X1.9 58.0 9.9 100.0
-150 41.5 ¥one 20.6 7.9 100.0

T AT,
e
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When considering the Overflow product from the
Specifications standpoint, it is seen from Table 5, page 40,
that 90.0% goes through 80-mesh. Specifieations require a
minimum of 80.0%. As -28 mesh ore was used in the
experiment, it is obvious that there are no particles larger
than 3.0 mm. As to grade, Table 6, page 41, reports a figure
of 21.4% Py0g (46.8% B.P.L.). Specifioations require at
least 18.0% PgOg. References to the Nitrogen, Potash, and
Organic Matter contents are made for all of the experiments
in a subsequent section.

Throughout this writing, efficiency of separation will
be defined as the ratio bhetween the amount of phosphorie
acid recovered in the fines and the amount of phosphoric acid
put in as feed. Two efficiencies of separation will be
distinguished: Operational and Overall. Operational
Efficiency will be referred to as based upon the material
actually used in the operation concerned. It usually was a
-28 or a -20 mesh ore; i.e., the rock was subjected to a
preliminary sieve-sorting intended to eventually eliminate
large stones or bones., Operational Efficiency will always
be computed from experimental data of tests actually
performed. On the other hand, Overall Efficiency of
Separation will refer to the mine-run ore just as it was
received. Overall Efficiency will be calculated from the
Operational Efficiency on the basis of mesh fractions and
grades previously eliminated. For experiments made on the
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whole material, Operational and Overall Efficiencies will

be the same.

Operational Efficiency of Separation for Run HNo. 2:

Data:
Weight of Material Fed, in kgs. 3.00
Grade of Material Fed, in % Py0g 10.1
Weight of Finea, in kgs. 1.32
Grade of Fines, in % Pg0g 21.4

Operational Efficiency = (1.32)(0.214) x 100 = 93.2%

(Operational Efficiency corregted for a
Soluble Salts content of 4.3% is 97.4%.)

Overall Effigiency for Run No. 2:

Data:
Percent of + 28 mesh material in the
original ore 43.2
@rade of whole original material, % Pg0g 6.8
Weight of +28 material to be added, in
kegs;:
f3¢02§45.8! - 2.50
Overall

Efficiency = {1.32)(0.214
- !5~55}15.TGI¥ + (2.28)(0.025) = 78+5%

(Overall Efficiency ecorrected for Salts
effect is 82.0%.)

After writing a "-80 mesh" material-balance, it was
found that the weight of -80 mesh fines of overflow and
spigots altogether, is greater than the -80 mesh fines in
the feed by 14.8%, based on the latter. This increase of
fines must be the effect of the thorough stirring with
water in the mixer and sizer. This abnormality does not
affect the above computations, since they are not based



45

upon percentage of fines, but upon actual weight of fines.
A P205 balance was also computed:
(3.00)(0.101) = 0.303 0.303 kgs. Pg0g

a) Overflow (1.32)(0.214) = 0.283
b) Spigot (1.52)(0.033) ® 0.050 0.333 kgs. P20p

Gain  0.030 kgs. PgOg
= 10.0% of the feed

This excess probably has the effect of making the value
of efficiencies higher than they actually were. It must have
resulted from experimental error. An hypothetical analytieal
determination of Py0g in the products lower by 0.3, which is
admissible within practiecal limits, would reduce the excess
to 6%.

Upon comparing the weight of feed (3.00 kgs.) with the
weight of output (1.32 plus 1.52 kgs.) a loss of 0.16 kgs.
of material, 5.3% of the feed, is apparent. This must be
expected, due to the presence of cold-water-soluble salts
in the feed, salts which were not recovered in the output.

Recovery Efficiencies of this Run will be compared
with those for Runs 3 and 4 at the end of this section.



Run Jo. 3
Experimental Data:
Size of Ore -28 mesh
Pulp Thickness Ore:Vater ratio 1l:4
Ore Fed in kgs. 3,00

Hydraulic Water,
rate of flow in

1ts/min o 5.6
Length of Run: Totel of 17 minuvtes for
the whole run
Fines Recovered (dry), in kgs. 1.25
Spigot Discharged (dry), in kgs. 1.63

Table 1C. Sieve Annlyses of Feed and Products, Run 3

Feed Overflow Spigot

Indi- Cumu~- Indi- Cumu~ Indi~ Cumu~
Mesh vidual lative vidual lative vidual lative

- Kos Retained Finer Retained Finer Retained Finer
% by weight % by weight % by weight

88 21,2 78.8 3.1 96.9 24,7 75.3

35/48 18,1 60,7 2.3 94.6 28.8 46.5

48/656 13.5 47.2 5.8 88.8 21.7 £4.8

66/100 12.2 35.0 14.7 74.1 17.4 7.4

100/160 6.0 29,0 17.56 56.6 4.7 2.7
-150 23'0 - 56-6 5o 8.‘7 bt

Totals 100.0 - 100.0 - 100,0 -

-80 - 41.5 83.0 16.7
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Table 11. Proximate Composition of Overflow and Spigot, Run

Pgl0g B.P.L. cg.ra%:;;::o iginble g:;crminoa Total

g g % % % %
Overflow 22.0 48.1 Hone 5.2 46.7 100.0
Spigot 3.4 7.4 31.9 52.6 8.1 100.0

From the viewpoint of specifieations, it 15 evident that

the fines of the Overflow satisfy the requirements, since the
-80 mesh fraction is greater than 80.0%, and since the grade
is higher than 18.0% Py0g.

Operational Effieiency of Separation for Run No. 3:

Data:
Weight of Material Fed, in kgs. 3.0
Grade of Material Fed, in % Pg0p 10.1
Weight of Fines, in kgs. 1.26
Grade of Fines, in % P,0g 22.0

Operational Effieiency = (1,26)(0.22 ) X 100 = 90.8%

(Operational Efficiency corrected for Salis
effect i8 94.9%.)

Overall Efficiency for Run No. 3:
Data:

Weight of 28 mesh material to be

added, in kgs. 2.28
Grade of the 28 material, in % Pg0g 2,50

_ (1.25)(0.22)
Overall Rfficiemay = m) (2.28)(0,025)=76.4%

(Overall Efficiency corrected for Salts effect
is 80.3%.)
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The Pg0p balance also showed an output largér than

the input, this time by 8.9%.
A loss of 0.12 kgs. of water-soluble materials took

place in this run; i.e., 4.0% of the feed.

Rumn No. 4:
Experimental Dats:

Size of Ore Unsereened stock :
Pulp Thickness Ore:Water ratio l.4
Ore Fed, in kgs. , 3.00
Hydraulic Water, rate of flow, lts/min 4.7
Length of time, in minutes 16
Fines Recovered (dry), in kgs. : 0._42
Spigoet Discharged (dry), in kgs. - 2.36

Table 12, Sieve Analyses of Feed and Products for Run 4

Feed Overflow Spigot
Mesh INdi-  Cum. MmAt-  Cumm~-  Imdi-  Cuma-
tive

" Rl M R BT B,

10 3.4 96.6 3.6 96..4
10/14 4.6 92.0 6.7 9.7
14/20 15,3 76.7 20,0 69.7
20/28 19.9 56.8 26.6 43,1
28/35 12,1 44.7 3.6 96.4 17.2 25.9
35/48 10.3 4.4 2.0 94,4 12.0 13.9
48/65 7.7 26.7 3.6 20.8 8.2 5.7
65/100 6.9 19.8 5.3 85.5 4.6 ) 7. §
100/1650 3.4 16.4 6.9 78.6 3.0 0.1
~150 16.4 - 78.6 - 0.1 -
Totals 100.0 - 100.0 - 100.0 -

-80 24.0 89.5 3.3
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Table 13. Proximate Composition of Overflow and Spigot, Run 4

| Calcium n- Un-

P£5 B.P.L. Carbonate soluble determined Total

7 % . %
Overflow 22.0 48.1 None 649 45,0 100.0

Spigot 3.4 7.4 51.6 36,7 4.% 100.0

This overflow, with 89.5% passing through 80-mesh, and
having & grade of 22.0% Py0p (48.1% B.P.1.) meets the
established specifications.

(o Operational Efficiency of Separation for Run No. 4:)

Data; .

 Weight of Material Ped, in kgs. 5.0
Grade of liaterial Fed, in % Pg0p 6.8
Weight of Fines, in kgs. 0.42
Grade of Fines, in % P o0 22.0

Opqratlenal Effieiency = (0.42F(0.22‘*= 45.5%

(Operational Efficiensy eorrected tar Salts
efinct is 47.3%.) :

Overall Effisiepoy for Kun No. 4: Same as Operational
Overall Eﬂiaienoy = 45.5% ‘
‘ (Ov‘rall Eftioiency corrected for Salts effeot is 47. 3%)

This time the Pp0y balance indicatoed = &oﬁcit of 15.4%
bas8d upon the fud.

A comdined weight of 2..78 kgs. for the products '
: royrosants a loss of 0.22 %gs. This value is too high when
the salts content in the raw materisl is considered (4.3%).
The loss of fines is respomsible for the defioit, and, of
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gourse, for the low value of the recovery efficiency.
Before summsrizing results for the three runs, the
question of the proximate composition of the overflow
should be made clesr. In general, it can be said that it
is very much the same as the composition of the -150 mesh
fraction in the original ore. The contents of B.P.L. and
Insoluble need not be discussed. As to the "undetermined”,
smounting to almost half of the composition, it is made up
of organie matter, water retained (likely by absorption
an&/of orystallization) and oxides of iron and other metals.
Of the figures obtained from Rnn; Y¥o. 2, Fo. &, and '

No. 4, the deciding ones are now reported in the form of

Table 14.



51

Table 14. Results from Hydrauliec Classification _
Efficiencies of

ons Balanoce Separation Overflow
Run Super- Opera-
No. Defieit avit tional Overall -80 mesh Pg0g B.P.L.
% % % % % % %
2 10,0 93.2 82.0 90.0 2l1.4 46.8
3 8.9 90.8 80.3 83.0 28.0 48,1
4

15.4 45.3 47.3 89.6 22.0 48.1

In the light of these results, it must be said that
hydraulie classification of the ore is possible. Further-
more, & sharp out can be ashieved. In the three experiments,
products which meet the specification requirements have been
obtained. As to corrected overall efficiency, it is thought
that about 80% could be reached, provided there were no
irregularities in the PgOg balance, the limitations of which
should be kept in mind. It is believed that commercial~
scale equipment would afford higher efficiencies of
separation for two reasons, chiefly: 1) Operation is
steadier and errors minimized; and 2) Separation is
performed gradually, in stages, according to the number of
spigots, or sorting colummns. These are usually from 4 to 6
for each sizer., The laboratory unit used in this
experiment has only one spigot. The results for Run No. 4
are significant for an unscreened feed; the recovery
efficiencies are far below those obtained when material

of finer fractions was used.
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Wet Screening

Statement: The known fact that some materials lend
themselves to a better separation when suspended in a liquid
fluid suggested the wet screening as one possible manner of
industrially processing this ore. On the other hand, it is
also known that some materials cannot be efficiently handled
in such condition. Some of the factors involved are organie
matter, shapes of grains, distridbution of sizes, openings of
the sieve, rate of feed, type of motion, slope.

Prineiple: To the ordinary screening, stationary or
shaking the influence of a moving liquid, commonly water,
has been added. The action of the fluid is twofold:

a) Grains reach the sieve in the form of a suspension; b)
The stream of water helps washing the "fines" through the
screen, and the "coarse" off of the screen.

Purpose: The aim was to secure results of wet-soreen-
sizing on di fferent sieves.

Equipment and Progedure: One Set of Tyler Standard
Sereen-scale Sieves Four apertures wers tested, namely:

35, 48, 65, and 100 mesh. The material tested was run of
mine, a mixture 1:1 of Sacks No. 6 and No., 28. A loss by
heating at 105°C. was made on the feed. Value obtained
was 4% by weight of original material. A fifty-grams
sample of the ore was thoroughly wetted with tap water

to a thin paste, then transferred to the corresponding
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screen, which was already partially immersed in water.

The depth to which the sereen remained submerged was such
that the ore was always below the water level, and the
sereen top-rim always above the liquid surface. Four liters
of water were held in a suitable size pan. During ten
eonsecutive minutes the sieve was given a shaking movement.
Two motions were imparted altermately, up-and-down, and
horizontal jerk. Oscillations were approximately one ineh,
and two inches, respectively. Water was separated by
filtration from the fines, and fines as well as oversisze
were dried at 105°C. constant weight.

Experimental Data:

Sieves Used
35 48 65 100

Mesh Mesh Mesh Mesh
Weight of Oversize, in grs. 25.4 28.9 33.2 36.4

Weight of Undersize, in grs. 19.7 16.56 12,1 8.8
Weight of Feed, in grs. 0.0 50.0 B50.0 50.0

Results: Since the oversize and undersize were dried
by heating, the loss by heating should be added to the

weights reported; also, loss due to salts dissolved.
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Rearranging the Results:

Sieves Used
36 48 65 100

Mesh Mesh Mesh Mesh

Weight of Oversize, in grs. 26.4 28.9 83.2 36.4
Weight of Undersize, in grs. 19.7 16.5 12.1 8.8
Loss by heating, in grs. 2.0 2,0 2,0 2.0
Loss by salts dissolved,

in grs. 2.1 £,1 2.0 8.1

Determinations of phosvhoric acid were made in the

undersize.
Undersize
25 48 656 100
Megh JMesh Mesh Mesh
Phosphorie Acid, % Py0g 13.3 16.0 19.1 22.3
B.P.L., % 29.1 35.0 41.8 49.0

From Table 3, the grade of the original material is
known to be 6.8% P05 (14.85% B.P.L.).

Efficiencies of Separation were caleulated as the ratio
of amount of Pp0g, in grams, contained in the Undersize, to
P05 eontained in the original fifty-grams sample.

Sereen Mesh 35 48 65 100
Separation ' 77.1 77.6 68.0 B57.7

Although the undorsi:g of a out made at 65-mesh would
pass the grade requirement, the percentage retained by 80~
mesh would be the limit, about 20%, of what is allowed.
This diffioulty could be overcome by simply grinding the
coarse particles of this undersize until the specification

for size was met. Still better recovery could be afforded
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if the cut is made at 48-mesh. In this case, the
specifications for both grade and size are met. This could
be achieved by two operations: Grinding and saleination.
The upgrading obtained by heating would be at the expense
of the organic matter, which would be lost. From the
standpoint of the equipment, a wet soreening in the larger
sizes is pruferahla; In order to diminish abrasion and to
increase capacity of screens, wet screening should be done
in at least two stages: The first at 28-mesh, which would
retain about 42% of the feed weight, thus leaving
approximately 22% to be retained by the 48-mesh, Further
eonsiderations will be discussed in the latter part of this

writing.
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Tabling

The prineiples under which the jerking tables work
are so well known that they are not described herein.
However, let it be known that in the case of this ore,
where the valuable material is in the fines, the "tailing
gide" is not expected to discharge tailings but the
concentrate. The "concentrate side" should deliver the
valueless coarser fractions. In spite of this difference,
and for the sake of preventing eonfusion, the orthodox
convention of naming the four sides will be maintained.
The equipment used was a Pilot Table with an attached
feeding mechanism. This table, the picture of which

appears in Fig. 15, page 57, may be described as:

Pilot Table OVERSTROM UNIVERSAL.

Dimensions: 2 feet by 5 feet.

Straub Mfg. Co., Oakland, Calif.

Actuated by 1/2 h.p. General Electric motor.

The experiment herein deseribed will be called Run No. 7.
The feed was the previously described "run of mine" mixture
1:1 of Sacks No. 6 and No. 28. The material was fed as a
1:4 ore to water ratio-pulp, and cleaning water at measured
rates was added from the feed side.

The first trial was made with small tension on the
spring, which meant the lowest number of strokes per
minute. A steep pitch of the table was used. Washing
water was added at the rate of 15 liters per minute. Upon

visual checking of the performence it was seen that no
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Fige 16 Pilot Table "Overstrom Universal®
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material went to the concentirate end. Praetieallyrall of
the material remained mized and went to the tailing side.
Neither an increase nor decrease of the rate of eleaning
water altered the situation. Upon gfadnnlly diminishins
the piteh of the table, a very small change was no ticed.
When the table was in its flattest position, a slightly
better separation could be observed. The fines, still
mixed with the coarser particles, went to the tailing
gide, while there was a small amount of coarse discharged
from the concentrate end.

The second attempt was made with the strongest tension
on the spring. In this way the largest number of strokes
per minute was obtained. With the steepest slope, the
material did not go to the concentrate end but accumulated
i{tself in the middlings section and in the back end of the
table, finally overflowing with the fines. A flatter table
produced no better results. The change in rate of washing
water throughout this test did not provide any perceptible
improvement.

Several intermediate degrees of tension on the table
gpring were tried at different slopes and at varied rates
of cleaning water. In no case was even a fair separation
attained and it was quite evident that tabling would not

provide an effective means of concentration.
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Spiraling

Statement: Because the spiral, besides permitting a
gravity separation in a liguid medium, also affords a size
clasasification, it was suggested that its use might permit
the separation of the finer particles from the coarse ones.

Theory: According to Gleoedé?)aeparation in the Spirsal
is the result of two foreces acting on the particles
suspended in the stream: centrifugal and gravitational.

The centrifugal forsce is tangential to the channel, directly
proportional to the square of the veloecity of flow and
inversely proportional to the radius at which the gravity
eenter of the particle is losated. The gravitational force
acts downwards. In the case of light particles, namely
water and fine, low absolute density grains, the resultant

of the forces acts across the channel. As for the heavy
elements, the resultant of the two forces pulls down.

"There is, eonsequently, besides the flow of

water down the length of the spiral, a flow of
decreasing veloeity downward and across the
channel to the top, progressively inereasing
in veloeity until friection again enters."”

Fig. 16, page 60, is an schematic representation of
this orosswise eoyecle. Fig. 17, page 61, shows a tyriecal,
astual distribution of the fraections across the chamnel,
Figs. 18 and 19, pages 62 and 63, respectively,

are gelf-explanatory.
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Fig. 16. . Showing how water flow along spiral
bottom brings heavy mineral to concentrate outlets;
reverse flow above carries lighter mineral up.
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WASH WATER SCOOP

CONCENTRATE PORTS
AND SPLITTERS

g "31(:;?: i o
CONCENIRATING ACTION of spiral. Note wide which is set for a wide cut; also narrow black band of
black band of concentrate entering upper outlet, middling entering lower outlet set for thin cut.

March, 1945—Engineering and Mining Journal

Fig. 17
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) m. 19653.

Spiral Concentrator « Model 244, § turn,
1:; single frame, Leboratory test unit of commercial
sizes

June 15, 1944,
The Bumphreys Investment Company

910 First National Bank Building
Denver 2, Colorado.



Fig., 19

(over)



No. 21210
Humphreys

63a

Spiral Concentrator - Model 24-A, laboratory test
unit of commercial size, close-ip view,

Two of the adjusteble splitters which set into the
concontrate outlets are shown, These can be turned
to permit a wide or narrow cut of concentrate, to

go into the concentrate or middling outlets,
Concentrate can be seen in the upper pert of the
spiral as the dark path toward fhe inside of the
concentrator, while tailing is the lighter eolored
material rumning further up into the faster moving
strean of water above the concentrate outlet, Wash
water is transferred from the small washwater channel
on the inside of the spiral by the rod which picks
it up from that channel and diverts it to the inside
of the main channel, Concentrate is drawn off from
the upper outlets, while middling is drewn off from
the lower outlets and tailing is discharged at the

end of the spiral,

Hovember 26, 1944,

The Humphrey

910 First
Denver 2,

s Investment Company
National Bank Bu:!.lding
Colorado.
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Equipment and Progedure: A four-turns Humphreys Spiral
was used. A centrifugal pump, pipings and tank connected to
the Spiral, completed a closed circuit, whieh is shown in
picture 18.

The same sample used in the foregoing experiments was
used in this test, except that it was screened through 10-
mesh. Tap water was used as the fluid. The splitters were
ground to fit. Four runs, designated as No. 8, 9, 10, and
11 were made. Material charged was 3, 4, 5, and 6 kilos,
respectively. Pump was maintained at full speed. Samples
of both Spigot and Channel products were taken
simultaneously once equilibrium in the flowing stream was
reached. The samples were decantered, dried, weighted, and

analyzed. Results are given in Table 15, page 65.
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Results:

Table 15. Separation and Grades for Spiral Tests

Run Weight Rati0o of Weights % Pg0g
No. of charge

Sﬁigos Spigot Channel
kgrs. annel (coarse)(fines)
8 3 9.33 1.9 16.1
9 4 4,87 2.6 11.3
10 6 5.58 2.4 13.6
11 6 .76 2.2 16.5

Sizing analyses were also made on Spigot and Channel

products for all runs. Results are reported in Table 16,

below.

Table 16. Sizing Analyses of Spiral Products

Run 8 Run 9 Run 10 Run 11
Mesh Spig~ Chan- Spig~ Chan- Spig- Chan-~ BSpig- Chan-
No. ot nel ot nel ot nel ot nel
% vy Wt. % by vit. % by Wt. % vy wWt.
+14 2.4 18.4 1.6 16.5 2.0 15.5 2.0 8.1
14/20 18.0 15.6 13.7 22.2 16.8 19.4 15.2 8.0
20/28 28.2 6.9 25.9 l11.2 20,0 7.6 27.3 3.2
28/35 17.8 8.8 19,0 5.7 18.6 3.9 18.3 2.0
35/48 13,7 5.0 15.9 4.3 135.7 8.2 14.8 2.6
48/65 9.2 8.2 11.7 &5 9.8 3.2 10.6 3.0
65/100 6.1 2.8 .6 8.} 6.5 0.2 6.6 3.2
100/160 2.2 4,9 2.6 2.0 23 %3 2.2 4.0
"150 204 450‘ 200 105 8." 3.0 6509
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Considering the behavior of the ore in the spiral from
a preliminary, qualitative standpoint, it must be observed
{n Table 16 that the channel produet in all rums contains a
high percentage of the 20 mesh grains, i.e., the large, flat
particles of calecium carbonate (marine shells). This fact
alone makes the channel product of all runs unsatisfactory
from the standpoint of size requirements. However, from 20~
mesh down, a sudden drop of the guantities of coarse grains
could be seen. These values remain oonsisfantly low as the
sieve apertures decrease.

Referring now to the grades, it is realized from Table
156 that né Run gave a satisfactory product. Apparently the
high proportion of 20 mesh particles is responsible for the
low grade.

Oonsidering the tests from the viewpoint of the pulp
densities, Runs No. 9, 10, and 11, are consistent in that
the thicker the pulp the moré fines in the channel prqduot.
The grades are accordingly higher. This observation confirms
the issue that spirals achieve better performance at full
load. The problem of imnroving the channel product is
accessidble by either one of two ways:

1) Feeding the spiral with a -20 mesh charge;

2) Subjeeting the channel product to furiher cleaning.

The second method appears to be the most simple and economic.
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Hydrauliec sizers, or even a 20-mesh screen, would perform the
duty with a large capacity rate.

Computation of Efficiencies: Recoveries were calculated
upon the basis of sapgration achieved. The latter was based
on the ratio of weights of spigot and channel fractions
obtained by sampling. Corrections were included for the salt
effect and for thé preliminary screening. Results appear in
Table 17, below.

Table 17. Efficiencies in the Spiral

Run Charge 1 Grade Efficiency of Separation
No. sp?ci 1 in
Channel Operational Overall
kilos % PO % %

8 3 0.0968 16.1 21.3 20.6
9 4 0.1704 11.3 26.3 25.4
10 5 0.152 13.6 28.8 27.8
11 6 0.148 15.5 31.3 30.2

The efficiencies of separation are strikingly low. Two

immediate reasons are apparent for the low yields: 1) Too
much weight of fines in the spigot product and, of course, in
the tailings, and 2) The already existent relation between
size and grade. A Pgos determination in the ~-150 mesh
fraction of the spigot in Run 11 indicated 18.6%. The

possible means of improving the overation would be to
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supplement it by retreating the spigot and channel fractions.
An hydraulic classifier or even a sand washer would permit
recovery of the fines contained in the spigot fraction. Om
the other hand, an hydrauliec classifier or even a screen
would eliminate the large flat particles contained in the
channel produect. From above considerations, it is advisable
that further experimentation of the spiral combined with
other hydraulie equipment be carried on. Due to the
unsatisfactory preliminary results, experimentation with

spiral separation was discontinued.
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Flotation

Statement: The raw material was considered as a
phosphate-silica-calcite ore. Hence, differential
gconcentration by separating a concentrate relatively rich in
phosphate and relatively poor in caleite-silioca was attempted.
The phosphate industry in the U.S.A. is successfully
recovering phosphatic material by floating the rejects of the
matrix washeries, mainly in Florida, and to a less extent in
Pennessee. The problem differs from the Chilean ore in that
the phosphatic values to be recovered are distributed in the
intermediate sizes (-20/ 65), the finer fractions are
undesirable slimes ahd the percentage of silica and calcite
in the U.S. fluophosphates are very much lower.

Because the presence of calcium carbonate, only an

alkaline pulp was considered to be feasible for a commercial

operation.
Equipment and Procedure: The main pieces of equipment
used were:

1) One 1000-gram Denver Lab. Flotation Machine,
Sub-A, powered by a 1/6 h.p. electrioc motor,
1 phase, variable speed; Kimble Electrie Co.,
Chicago, Ill.

2) One variable speed, electrically-driven mixer,
for conditioning.

3) One Beckman pH Meter. Industrial Model.
Direect Reading. National Technical
Laboratories, Pasadena, Calif.

4) Mieropipettes.
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Same mixture as before was used as feed. Eleven tests
were made, which will be referred to as Runs No. 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, and 22. In all of the rums but
three, the -20 mesh fraction of the original ore was used.
The pulp was always prepared and diluted with tap water.
Reagents were always added in the conditioner, and the
conditioning period was ten minutes. The feed was
gonditioned as a thick pulp for ten minutes and then
transferred to the flotation machine and diluted. pH
determinations were made in the pulp after conditioned, in
the conecentrate, and in the tailings. After flotation,
concentrate and tailings were filtered; the solids dried
and weighed. Specific conditions for each run will be
reported when deseribing the separate experiments. Reagents

used and their intended action are listed below:

Frothers: Yarmor F Pine 0il
Collector: Oleic Aeid, Orinite, Emulsol x-1,
Fuel 0il

Modifiers: Wa0E, Lime Sodium Silicate.
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Run No. 12

Conditions:
Feed Charge, in grams 1000
Grade of Charge, in % Pg0g 10.1
Size of Feed -28 mesh
Pulp Thickness, in % of solids, by wt.
Conditioning 60
Flotation 26
Flotation period, in minutes 60
pH of pulp, brought with 2% NaOH aq.
soln up to 8.0
Yarmor F Pine 0il 0.1 1b/ton
Oleic Acid 1.5 1b/ton
Fuel 04l 3,0 1b/ton

Results: There was so much froth formed that it kept
flowing for almost one hour. Weight and grades of

concentrate and tailings were:

pH of the tailings L M |
Weight (dry) Grade
grs. % by weight
P,0 B.P.L.
2vp
Congentrate 380 14.9 52.6
Tailings 604 5.9 11.6

Total 954




Proximate composition was:

Insoluble in A.R.
Tricaleium Phosphate
Caleium Carbonate
Undetermined

Totals

Sizing analysis was:

+356 mesh
35/48
48/65
65/100
100/150
-150
Totals

Concentrate

7.2%
32.6
6.4

i

Concentrate

19.8%
26,9
20.6
13.9
4.9

13.9
100.0%
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11.6

Tallings

0.0%
1.3
3.8
8.0
2.5
84.4

A total output of 954 grams is consistent with the

presence of 4.3% of water soluble material in the ore.

Operational Efficiency of Separation:

(350 (o.%49 x 100 = 51.6%

Overall Efficiency of Separation:

Data;

rade of the overall stogck, in

PEOS, is 6.8

5°°§‘°§§4’ = 47.0%

Discussion: Recovery is low when compared with hydraulie

separation.

% by wt. of finer than 28-mesh, is 56.8

The concentrate does not pass the grade

requirements; the size composition, however, is satisfactory.

It is seen that both the siliceous gangue and the calecium

carbonate were partially floated.

It is also observed that



73

in spite of the long flotation time and the large amount of
foam, an important amount of fines remained unfloated in

the tailings.

Rm No. 13
Conditions:

Feed Charge, in grams 1000
Grade of Charge, in % Py0g 8.1
S8ize of Feed -20 mesh
Pulp Thickness, in % of solids, by wt.

Conditioning 60

Flotation 26
Flotation Period, in minutes 13
Sodium Silicate (dry), in 1bs/ton 0.16
Fuel 0il, in 1bs/ton 3
pH of pulp (brought up with Sod. Silie.) 8.0

Results: Flotation was run as long as froth kept forming
(13 minutes).

pH of the Concentrate 7.1
pH of the Tailings 7.8
Weight (dry) Grade
ers. % by weight
ons BoPo Iu
Concentrate 120 20.2 44.1
Tailings §§§ 5.0 10.9

Total 958
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Proximate composition was:

Concentrate Teilings

Insoluble in A.R. 3.5% 33.9%
Tricalcium Phosphate 44,1 10.9
8aleinm Carbonate gano 42,1
ndetermined 2.4 185.1

Totals 100.0% -
'Sising dnnlyais was:

Tailings

+28 mesh 29.2%
28/35 18.3
35/48 16.0
48/65 11.7
65/100 8.5
logélao 2.3
-1 14,0
Total 100.0%
Operational Efficiency of Separation: 29.9%

Overall Efficiency of Separation: 27.3%

Disoussion: Sodium Silicate was a good depressant for the
celeium carbonate, and was taii for the silica. Sizing
enalysis of the concentrate was not made because it was
visibly evident that the degree of fineness met the
specifieation requirements. In this run, a satisfactory
grade was reached. On the other hand, the percentage of
«150 fraction in the tailings was the same as in the
previous tests; it contained 17.2% of Pp0p (37.6% B.P.L.)
The absence of a collector was reflected in the very low
yield of fines, which was approximately one third of the
weight of oconcentrate produced in Run No. 12. This was

the chief reason for such a poor efficiency of separation.
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Run No. 14

objeet of this test was to find the effect (under

conditions of Run 13) of an inerease in the amount of the

devressant. Everything was the same except that the Sodium

Silicate

Results:

was added at the rate of 0.656 1lbs/ton.

The frothing period (flotation time) was only six

minutes. The pH of concentrate and of tailings were 7.l and

7.8, respectively.

Weight (dry) Grade
grs. % by weight
PgOs B-PQLQ
Concentrate 1156 20.5 44.8
Tailings 801 4.9 10.7

Proximate composition was:

Congcentrate Tailings

Insoluble in A.R. 3.3% 85.9%
Tricaleium Phosphate 44.8 10.7
None 42,3

S -
ete -] ° -
Totals T%‘% 100. 0%
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As to size distridbution, the sieve test gave:

Zailings
+28 mesh 33.5%
28/35 17.9
35/48 14.3
48/65 12.0
65/100 6.4
100/150 2.0
-150 mesh 13.9

Total 100, 0%
Operational Efficiency of Separation: 29.4%
Overall Efficiency of Separation: 26.6%

Disgussion: Efficiencies, although slightly lower, were
practically the same as before. Grades were also the same.
The silica was not further depressed. Sizing analysis
indicated a small decrease in the percentage of the finer
grains. Briefly, no practical appreciable change in

efficiency or composition was obtained.
Run No. 15

This experiment was made in order to determine the
effect that a twofold amount of reagents, compared with
Run 14, would have upon the performance. Conditions were
the same as in Run 14, except that the Sodium Silicate and
the Fuel 0il were used at the rates of 1.3 and 6.0 1lbs/ton,
respectively. The pH of the pulp was 7.3
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lasted 15 minutes. The pH in the liquid of the concentrate

and of the ta;lings were 7.2 and 7.7, respectively.

Weight (dry) Grade
grs. % by weight
Pg0g - B.P.Le
Concentrate 149 20.2 44.1
Tailings 782 4.9 10.7
Proximate composition:
Congentrate Tailings
Insoluble in A.R. 3.1% 36.4%
Tricaloium Phosphate 44.1 7
g:}etun Carbonate ggno : .
determined . 2.
Totals m"& .
Sizing analysis:
ilin
+28 mesh 29.4%
28/35 17.8
35/48 16.3
48/65 10.7
65/100 6.7
100 nesh 172
» me B
Total 1EEE%K
Operational Efficiency of Separation; 37.6%
Oversll Efficiency of Separation: 33.9%
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Disoussion: While the grade of the product remained
unchanged, the amount of fines collected was larger, this
being reflected in the inecrease in the efficiency of
geparation. The depression of the silica showed a small
increase. The amount of fines left unfloated in the tailings
was s8till high end should be reduced to promote higher

efficiencies.

Run No. 16

This run was mede at a higher pH in the pulp. The
{nerease in alkalinity was obtained by the addition of
Sodium Hydroxzide. Unscreened "run of mine" was used as

the test sample.

Conditions:
Feed Charge, in grams 1000
Size of Feed Unscreened
Pulp Thickness, in solids %, by wt.
Conditioning 60
Flotation 25
Flotation Time, in minutes 13
Sodium Silicate, in 1bs/ton 1.3
Sodium Hydroxide 1.8
Fuel 0il 6.0
pH of the Pulp 8.6
Results:
pH in Concentrate 8.1
pH in Tailings 8.9
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Weight (dry) Grade
o $ by weight
+ P,0 B.P.L.
-ef
Concentrate 112 19.4 42.4
Tailings 826 4.6 10.0

Proximate composition:

Congcentrate
Insoluble in A.R. 2,1%
Tricaleium Phosphate 42.4
Caleium Carbonate None
Undetermined 55,56
Totals 100.0%

Sizing analysis:

+ 28 mesh
28/35
35/48
48/65
65/100
100/180
«~150 mesh
Total

Operational Efficiency of Separation:
Overall Efficiency of Separation:

Tailings
35.9%

10.0
43.5
10.6

Tailings

38,8%
14.7

13.2
9.3
6.6
2.7

14.7

32,0%
%2.0%

Discussion: No appreciable change could be observed except

a small additional depression of the silica.

The amount of

unfloated fines in the tailings remained about the same as

in previous runs.
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Bun No. 17

The possibility of substituting lime for sodium alkali
was tried in this experiment.

Conditions:

Feed Charge, in grams 1000
-8ize of Feed -20 mesh
Pulp Thickness, in solids %, by wt.

Conditioning 60

Flotation 25
Flotation Time, in minutes 156
Sodium Silicate, in 1bs/ton 0.65
Caleium Oxide (dry) 1.4
Oleic Acid 0.856
Fuel 01l 3.0
PpH of the Pulp 7.6

Results:
pH of Tailings were: 7.6
Weight (dry) Grade
grs. % by weight
Po0 BePoLe
2vs

Concentrate 131 20.1 43.9
Tailings 779 4.6 9.8

Proximate composition:
Concentrate Tailings

Insoluble in A.R. 3.4% 37.6%
Tricaleium Phosphate 43.9 9.8
Caloium Carbonate 6.8 44.8
Undetermined 45.9 7.8

Totals 100.0% 100. 0%
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1lin
+ 28 mesh 28.3%
28/35 19.1
35/48 16,0
48/656 11.8
65/100 9.2
100/150 3.4
«150 mesh 12.2
Total 100.0%
Operational Efficiency of Separation: 32, 5%
Overall Efficiency of Separation: 29.7%

Dise : The effeot
checking the depressing
least as far as caleium
of this fact, the grade
A small incorease in the

was indicated.

This test was made

collector and filmer.

of the lime was primarily that of
effect of the sodium eilicate, at
carbonate was concerned. In spite
of the fines was still satisfactory.

amount of floatation of the fines

Bun No. 18

in order to try the "Orinite" as a

Condit :
Feed Charge, in grams 1000
Size of Feed «20 mesh
Pulp Thickness, solids, wt., %
Conditioning 60
Flotation 25
Flotation Time, minutes 10
Sodium Silicate, 1bs/ton 0.66
Lime (dry), 1b/ton 0.7
Orinite, 1b/ton 6.6
pH of pulp 7.5
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Results:
pH of Tailings 7.6
Weight (dry) Grade
grs. % by weight
Pglg B.P.1s
Concentrate 144 20.5 44.8
Tailings 76 4.0 8.7
Proximate composition:
Consentrate  Tallings
Insoluble in A.R. 3.2% 38.8%
Triealeium Phosphate 44.8 8.7
gﬂotm Oar‘gonato 6.2 46.4
ndetermine ‘ .
Totals 0007 1'08"'&
Sizing analysis:
Tailings
28 mesh 28.0%
28/35 19.0
35/48 15.2
48/66 11.3
65/100 8.2
1:1305(/’1 e 1a's
- me
Total wa&
Operational Efficiency of Separation: 36.5%
Overall Efficiency of Separation: 33.6%
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Discussion: The slightly higher yield of fines and grade
were responsible for the inerease in efficiencies. The

phosphoric content of the tailings was the lowest obtained
in any floatation test.

Run No. 19

The feature of this test was the introduction of an
emulsifying agent, namely Emulsol X-l. Oleic Acid was used
as a collector, and the filmer was purposely neglected.

Sonditions:
Feed Charge, in grams 1000
Size of Feed -20 mesh
Pulp Thiokness, solids, wt. %
Conditioning 60
Flotation 26
Floatation Time, minutes i2
Sodium Silicate, lbs/ton 0.65
Sodium Hydroxide, 1b/ton 0.04
Oleic Aecid, 1b/ton 1.3
Emulsol X1, 1b/ton 0.66
Results:
PH of Tailings: 7.5
Weight (dry) Grade
s % by weight
’ ona BQPGIM
cm“ntr.t' 160 19.9 45.56

Tailings 760 4.6 10,0




Fig. 20 Flotation Tailings from Run 19
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Proximate composition:

Congentrate Talli

Insoluble in A.R. 4.2% 36.7%
Tricaleium Phosphate 43.5 10.0
Caleium Carbonate 1.6 44.6

Undet d # 8.%
ordy 10053 005

Sizing analysis:

Tailings
+ 28 mesh 28.3%
28/35 19.6
35/48 16.7
48/65 11.4
65/100 7.8
1ggélso.h i.v
Bl m 3
Total I%U%g%
Operational Effieciency of Separation: 39.6%
Overall Efficiency of Separation: 35.9%

Discussion: Apparently the emulsifier acted as a promoter.
The inerease in efficiency was due to a greater collection.
The lowering of the calcium carbonate content in the
soncentrate confirmed the checking action of the lime. The
amount of unfloated material was practically unchanged.

Bun No. 20

This was a low-gapacity test performed at about the
game conditions as Run No., 19. The main differences were
the reduection of test sample from one kilo down to one half,

and the inerease in alkalinity.
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Conditions:
Feed Charge, in grams 500
Size of Teed «-20 mesh
Pulp Thickness, solids, wt. %
Conditioning 60
Flotation 14
Flotation Time, in minutes 13
Sodium Silieate, in 1bs/ton 0.66
Sodium Hydroxide, 1bs/ton 0.48
Oleic Aecid, 1bs/ton 1.3
Emulsol X-1 0.5
pH of the Pulp 8.5
Results:
pH of Concentrate 7.8
pH of Tailings 7.9
A tough foam was obtained.
Weight (dry) Grade
grs. % by weight
Pglg B.PuLs
Concentrate 89 22.4 48.9
Tailings are 6.3 13.8
Proximate composition:
Concentrate Tailings
Insoluble in A.R. 5.3% 35.9%
Tricaleium Phosphate 48.9 13.8
galciun Carbonate l:aong 58.:
ndetermined . 1l.
Totals 100.0% 100.0%
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Sizing analysis:

Tailings
+28 mesh 30.8%
28/35 17.5
35/48 13.6
48/65 11.3
65/100 7.8
1?&” ?;
-l o
Total T%ETUI
Operational Effieciency of Separation: 49.2%
Overall Efficiency of Separation: 45.0%

Discussion: The efficiency was larger because of a better
recovery of fines and of a higher grade in the concentrate.
However, the amount of small-size particles left in the
tailings was still appreciable. The improvement in
efficiency of separation was not remarkable. From this and
the foregoing floatation tests it could be concluded that
that no commercial separation is feasible in one stage.

The next run is a combined "flotation-separation-flotation”

experiment.
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Run No. 21
Conditions:
Feed Charge, in grams 1000
Size of Feed =-20
Pulp Thickness, solids, wt. %
Conditioning 60
Flotation 26
Flotation Time, minutes 10
Sodium Silicate, 1bs/ton 0.656
Sodium Hydroxide, 1bs/ton 0.6
Orinite, 1lbs/ton 6.6
Yarmor F Pine 0il, 1bs/ton 0.13
pH of the Pulp 8.5

The supernatant suspension of unfloated small particles
in the tailings was separated from the coarser by decantation.

They were later used as feed charge in Run No. 22.

Regults:
pH of Conecentrate Ted
Weight (dry) Grade
grs. % by weight
2805 BOPCI‘O
Conecentrate {No. 1) 136 22.5 49.2

Tailings devrived of
fines (No. 1) 640 2.3 6.0




Proximate composition:

Insoluble in A.R.

Tricaleium Phosphate

Caleium Carbonate

Undetermined
Totals

Sizing analysis:

+28 mesh

28/36
35/48
48/65
65/100

100/150
-150 mesh
Total

Congentrate

5.0%
49,2
None

s

Operational Efficiency of Separation:

Overall Efficiency of Separation:

Discussion:

Ses Run No.

22,

(*) Deprived of the finer particles.

89

Tailings(*)
42,0%
5.0
45.5
7.4

T00.0%

Tailings(*)

31.4%
21.7
18.2
13.6
9.3
3.1

00 0%
57.6%
34,5%



90

Run No. 22

The feed charge was the unfloated phosphatie fraction

from Run No. 2l. It was reconditioned as follows:

Feed Charge, dry solids. in grams 16.5
Grade of Feed, in Og 17.6
Pulp Thiaknons. solidﬁ

Conditioning 35

Flotation 6
Flotation Time, minutes 13
Sodium Silicate, 1bs/ton 0.66
Sodium Hydroxide, 1b/ton 0.6
Orinite, 1b/ton 6.6
Yarmor ¥ Pine 0il, 1b/ton 0.15
pH of the Pulp 8.8

Results:
pH of Concentrate (No. 2) 7.%
pH of Tailings 9.1
Weight (dry) Grade
grs. % by weight
Pglyg B.P.Le

Concentrate (No. 2) 71 20.8 46,5
Tailings (No. 2) 71 17.3 37.8

Proximate csomposition:

Congentrate gno. 2] Tail e

Insoluble in A.R. 4.9% 16.9%
Tricaleium Phosphate 46.5 37.8
Caleium Carbonate 0.3 None
Undetermined 49.4 47.3

100.0% 100.0%
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Sizing analysis:
Tailings (No. 2

+ 28 mesh 0.0%
28/35 0.0 .
35/48 0.0
48/65 6.1
65/100 6.9
et o3
- mesh o
Total T00. 0%
Operational Efficiency of Separation: b4.4%

Combined Overall Efficiency of Separation 51.2%

Oonelﬁsiong: The second flotation recovered 54.4% of its
phosphatic charge. This figure does not compare very
favorably with the first flotation wherse the efficienoy
was 49.2%. As to overall efficiency, a second flotation
had the effect of a relative increase of 6.2%. This
second treatment left unfloated tailings which had 80.9%
in the -150 mesh, and assayed 17.3% Py0g (37.8% B.P.L.).
These results led to the conclusion that a second
flotation is not commercially promising. The o:iporiuntl

involving flotation were terminated.
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Pneumatic Comcentration

The desirability of a produet which would econtain all
of the potash and orgahic matter originally present in the
mineral, suggested the study of a dry process. A sample was
gsubmitted to Federal Classifier Systems, Ine., of Chieago,
for qlaalitioation. This firm reported that the material
was fractionated at 80-mesh in the Federal Laboratory Air
Classifying Unit B and returned the fraction obtained
therefrom.

Prineiple: In the deflector type of classifiers,
cleavage is achieved by opposing a centrifugal current of
air against a tangentially projected stream of material.
The machine operates under partial vacuum. Each particle
is influenced by two forces: A radiesl force toward a
concentrie discharge, and a centrifugal forece of rotation
outward.

Progedure; Three tests designated as Runs 23, 24, and
25 were made, each at different mesh valve opening. Air
pressure was kept constant throughout the experiment.

Experimental Data:

Feed Charge, grams 2000
Size of Feed Unsoreened

Grade of TFeed, in B 6.8
Alr Pressure ( arbitrafy reading)

20
Valve Openings; dial 13-156-17



93

Results: The results have been arranged in Tables
No. 18, No. 19, and No. 20.

Table No, 18, Results of Pneumatic eogcegtratigg
ciency

of
Mesh Weight Grade of Separation
Valve of fines Grade of Fines Cozrrse
Run Opening grs. % PgOg % B.P.L. % Py0g %
23 13 311 16.2 35.4 2.3 37.0
24 16 638 17.1 37.4 2.4 80.2
256 17 450 17.6 38.5 2.1 58.2

Table No. 19, Composition of Pneumatic Concentration Products

Run 25

F os Oo;?so Figea co;rao rigfa Go;rlo

Insoluble

in A.R. 7.1 29.56 6.1 30.9 b.4 28.8
Tricalecium

Phosphate 36.4 5.0 37.4 5.2 38.6 4.6
Calcium

Carbonate 8.6 55.0 2.9 52.5 7.7 62.56
Undetermined 48.9 10.56 _B53.6 11.4 _48.4 14.

Totals 100.0 100.0 100.0 100.0 100.0 100.0

e e e e e e e
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Table No. 20
2 gis of Pneumatie Concentration Products

" Run gz “ Run g& g Run 35
s oayao es Coarse Fines Coarse
4 gl i

+65 mesh B.7 80.4 4.9 68.0 6.2 91.1
65/100 4.8 8.4 3.9 11.0 4.2 6.9
y "100 11.8 8100 .
100,/150 3.8 6.8 6.3
-150 85.7 _84.4 83.3
Totals 100.0 100.0 100.0 100.0 100.0 100.0
Dis : None of the fines assayed high enough fto

pass the specificatior requirements. However, upon looking
at the size distribution, it was seen that all samples
contained around 90% of -100 grains. It is suggested that a
fractionation at 100-mesh would yield fines assaying more
than 18% Pg0g (39.2% B.P.L.), because of the elimination of
the larger, less valued particles. It should be noticed
that the phosphorie content of the rejested coarse fractions
was among the lowest of all of the experimental tesis. The
high efficiency of separation obtained in Run No. 24 is
indicative of possible, successful commercial application.
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Flge 21 Produoct from Pneumatic Concentration
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Filtration

As most of the recovery methods investigated were wet,
a filtration test upon the concentrate was desirable. The
knowledge of the characteristic constants of the cake would
provide the necessary data for the seleotion of a full secale
filter. Filtration was thought to be the best method for
the separation of fines from a liquid suspension. A
suspension of fines was filtered at constant pressure at
three different pressures.

Theory: The integrated and simplified equation for

filtration at constant pressure is expressed anz7

?ge._%“.z:_;_z p® Ma (V Zi "ﬂ-+/kf'1"

r

where

P = pruniuro differential across eloth and cake,
1bs/in® |

& = total time of filtering, min.

€, = timé of filtering before the desired constant
pressure is reached, min.

A = ¢loth area, in® |
Y = total weight of filtrate collected, 1b.
Vp =-Weight of filtrate eollected during 6p, 1b.
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r" = gake resistivity

<
n

volume of cake, in 8/1p. filtrate

a = Gongentration of slurry, lb. 80114/100 1b. filtrate.
g = oake resistivity exponent
M = viscosity of filtrate, centipoises

Vo ® weight of filtrate trapped in the filtrate line, 1b.
ft = oloth resistivity

m = 0loth resistivity exponent

Egquipment, Progedure and Results: Filtration was
gonduoted in a Sperry filter-press of the plate-and-frame

type, comnected for either reverse or forward washing., Sisze
was 11" x 11" with 6 frames and 7 plates. The slurry was
made up by suspending fines, approximately ~100 mesh size,

in water: concentrations of 7.2 and 1l.1 1b. g011d/100 1b.

of filtrate were used. The concentrate was free~filtering.
Filtration tests were made at 5.2 psi; 10.2 psi; and 15.2
psi. Experimental values and results were recorded in Figs.
¥o. 22, 23, 24, and 25.

The value found for 8 , cake resistivity exponent, was
0.%43. Washing rates upon full cakes at different

pressures are reproduced in Fig. No. 26, The filter cloth
ased was & Twill weave, 21/3 ply warp, 21/3% ply filling,

20,8 03./yd%. The resistance was determined at two different
pressures; the values found for ¢' and m were 8.77 and 0.79,
respectively. They appear in Figs. No. 27 and 28.
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EXPERIMENTAL RESULTS FOR FILTER CLOTH RESISTANCE

Pig. 27
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EXPERIMENTAL RESULTS FOR FILTER CLOTH RESISTANCE

Pig. 28
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Sonclusions and X

Prom the results reported, it was concluded that this
ore could be concentrated to produce a commercial phosphatie
fertilizer. Overall Efficiencies of Separation of 82%, 77%,
and 80% were attained by Hydraulie Classification, Wet
Sereening and Pneumatic Concentration, respectively. The
products that were obtained meet the specifications required
both as to grade and size composition. Products assaying 22%
P05 (48.1% B.P.L.) were prepared by Hydraulic Classification
and Wet Soreening; they contained 1% Nitrogen and no potash.

As to the concentrate produced by Pneumatic Separation,
and based upon the results for 80-mesh, it could be safely
said that a grade of 19% Pg0g (41.5% B.P.L.) would be reached
should the cleavage be made at 100-mesh. The product
contained 1.3% Nitrogen and 4.0% of Potassium Chloride.
Regarding the availability of the phosphatic content, it was
found that 92% of the phosphoric grade in all the products
was soluble in ammonium citrate.”

By caleination of the concentrate produced by the wet
processes, a fertilizer containing 36% Pp0g is obtainable.

The combined processes of Hydraulic Classification and
of Pneumatic Coneentration is recommended. The first process,
supplemented with calecination, would produce a commodity with
2 higher grade, thus keeping the shipping and handling costs
at a minimum. The pneumatic process would produce a
fertilizer which, besides the phosphoric value, contains
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organic matter and potash. Figs. No. 29 and No. 30, pages
107 - 108, are flow sheets for the two processes which are
recommended. In order to promote efficiency of separation,
the raw materiasl should be free of unusually large rocks
and deprived of the coarser grains, perhaps 6 mesh. A
double~deck, wet, vibrating screen, And a éryrtrommnl would
gerve the purpose in Hydraulie Classification and in
Pneumatic Concentration, respectively.

Operation of the two processes in a Pilot-Plant-scale
is strongly recommended before undertaking the construction
of any commercial plant. Tests of continuous operation
would provide the best data for the design and selection of
the final equipment, as well as for optimum operating
condi tions, _

The result of this preliminary research, if earried to
a logical conclusion by further work, should constitute a
definite contridution to the possible utilization of a
natural resource, at present unused. For the sircumstances
pesuliar to Chile, the extension of the processes deseribed
in this thesis should contribute to the national welfare.

Due to the faet that a specification product can be prepared,

and due also to the fact that equipment requirements for the
 recommended processes are not complicated, there are
indications that an industry operating as suggested, should

be feasible and economic.
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Items for Further Research

It is suggested that further research be conducted
along the following general lines:

1. The exact physical and chemical nature of the
brown, phosphate-bearing complex and of the
organic matter should be determined.

2. Investigation should be made as to the presence

of minor, nutrient elements.

3. An analysis should be made of the nature and
properties of the foam produced whenever the

material is stirred in water.
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