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Purpose 

Upon undertaking this work, lt was the contention that 

preparation o a salable phosphatic Thrtllizer could be ac- 

complished from the ores available In Chile, South America, 

as guano deposits. The purpose ot the study was to prove 

or disroe this oontentlon. 
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CONCEflTBATION PROCESSB$ POR LOW GRA1E 
CHILEAN PHOSPHATES AND THE PEEPARITION OF 

UTILIZIBLE PROtUCTS ThEREFROM 

INTRODUCTION 

The Chile&u market for phoapbsttc tsyti1tzer isa been 

particularly fond of a nat%U'*l phoeph&tebeartng material. 

This coìmodity, vhih was obtstnable in northern Chile, had 

a phosphoric acid content of slightly above 20% P205. As 

indicated by the solubility in acid citric, $b phosphorus 

ws readily available, Furthermore, the coexistence of 

amounts, though smsll, of Potassiwn salt8 and of Nitrogen 

promoted the favorable consideration by consumers. The 

deposits are Ii aane 

location, low grado phosphates of around 6% P205 have been 

found. This phosphorus is also readily available, but the 

P205 content is too low to permit economic shipment, ban.- 

dung, and use. Centers of consumption are located t least 

1500 kilometers away from the depoaits. Information regard- 

in total possible tounagcz not available to the writer; 

however, he has been officially informed that should ar 

efficient procese be found for the economical upgrading of' 

this ore, a diuni-size plant will be constructed se en 

initial operation. It is also known that att.pte bave been 

sede in Chile to attain significant ooncentz'ation, but testa, 

as yet, have been unsuccessful. The author does not have 
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tntormatlon regarding the nature o those attempts. It was 

with the thought of providing a solution to the concentra- 

tien problem that this work was undertaken. 

Measurement oÍ' the success or failure of procedures 

could be made by reference tr established specifications. 
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Deaol*tption of Deposita 

The already known deposita are boated on the Chilean 

eoast, not farther than 3.5 kilometers inland. Lengthwise, 

the7 are distributed between parallela 21 and 23, South of 

the Equator. Within these boundaries, the deposita are 

soattered irregu?arly The best known piaoe appear on tne 

map, page 4. underlined in red. Their aIttude varies 

between a few meters and 500 meters above sa levele 

beds are not uniform in diiaensions, and are continuously 

interrupted with valuele3s material. They are conìxnonly in 

ancient, dry creaks: cavities, in orevices, and in oraoka. 

Their thicimeas le varlabl, sometimes reaching up to three 

meters, The samples uDon which this investigation was 

conducted are from Punta de LObS. In this location, the 

deposits are about three kilometers long and 0,5 bn. wide. 

There is no overburden, a a rule. In few places, 

the deposits have been slightly covered by a sandy elar 

accumulated by the wind. The material in sîtu la not 

consolidated. Because of the lack of cementing agents and 

vehicles, the atrial is easy to disintegrate, even ttt 

extracted from the bottom layer. 

The ore is found on the surface as a loose agglomerate 

of grains of different sizes. The main components are silica, 

calcium oarb*nate and a brown ohosphate-bearing complex. 

Also found, although in much less quantity, are: masses of 
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long crystals surrounded by sand and other cemented 

materials; conoretions of crystals, probably gypsum 

structures: incrustations; fish vertebrae, and even bones 

of small mammals, likely turtles; bundles of mineralized 

fibers, etc. 
It does not seem likely that the brown phosphate- 

bearing complex bas it8 origin in bones because practically 

no calcium carbonate is present therein. The calcium 

carbonate present in the composite of unconsolidated mixture 

can be easily identified, macro and miorosoopioally, as 

parts of marine shells and as small shells, which are 

completely soluble in acid hydrochloric. Moreover, the 

higher content of 13 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 typical of that part of the country; the action of 

animal organto acids upon the iron being responsible for 

the brownish shade of the oomplex. Observations made during 

the experiments lead to think that such organic-inorganto 

complex la of an acidoid nature. The fibers found are 

definitely not of feather structure, nor hair-like either. 

}Tot enough evidenoc Ms been accumulated to establish 

whether those animals were birds or mammals. 

The almost complete solubility of the phosohatic 

portion in ammonium citrate discards the possibility of a 
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mineral origin. Partial investigation of the water-soluble 

fraction ot the phosphate-bearing complex showed the 

presence of Sodium, Potassium, Chloride8, arid traces oÍ 

Suiphates. From these observed facts, the tentative 

oonolusion that these deposits originated as a result o 

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 question of 

the origin of this organic phoaphatic rook. Vhile the 

marine remains present,--mainly shells--, are characteristic 

of the Upper Cretaceous timo, the organic exorementitious 

rook has been originated later, in the Quaternary period. 

The underlying rook 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 atmospheric precipitation 

whatsoever. Mo fresh water is available on the ooast at 

those latitudes, except in ports supplied from the Andeu 

by pipeline. Sea water is the only liquid that could be 

used in any benefitiation plant of ooximeroial importance. 

Favored fuels in Northern Chile are: coal shipped from the 

South and oils imported from foreign countries. Larger 

nearby ports such as Iquique, Tocopilla, and Antofagasta 

can be easily reached by- domestic planes, liners, or trains. 

In order to go from there to smaller ports or coves in 
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betweon suali as Mejillones and ?unta de Lobos, use should 

be made of aatomob1les, motor boats, or eoasttng trade 

shivs. All ti... places are connected to the main telegraph 

and te1ephO* lines. 

In 1943, funds were allocated to conduct a survey and 

drilling. It is not known whether or not this work has been 

done already. No iníorrnation has been available as to 

tonnage of ore estimated. Further information concerning 

the appearanoe and ahemteal as well as size composition will 

be found in subsequent parts of this writing. 
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Sorne pfls p 

Claastfloation of Saoka ot the Material Received from 

Pmta de Lobos, Chile 

No metric tons of material Thr exer1mentation were 

received from Chile. The saoke were shiDped from Iquique 

to Tew York by boat; from Tow York to Corvallis, Oregon, by 

rail, and trucked to the Chemical ngineoring Departmert. 

As stated before, this samtle was taken from the deoosits 
o 

Punta de Lobos (see Mafl). The oro arrived in thirty BLOks, 

and each one wa given a tag, serially numbered from No. i 

to No. 30. This means o identification is used in this 

writing. Upon preliminary inspeotion, it was found that the 

phosphatia sand was not entirely unifortn in size throughout 

the thirty sacks. Some sacks contained rook with Thw coarse 

grains, and in othors, the material was non-uniform. No 

other differences could be determined by visual inspection, 

To irovide reresentative sanmies for elDerimentation and. the 

measurement of differences, the thirty sacks were divided in 

two groupa: Group A, and Group B. 

Group : Sacks containing rook with few coarse grains, 

and of uniform appearance. 

Grop B: Sacks containing rock with abundant larger 

grains, of uneven appearance. 



roup A 

SaoksT1o: 1 2 3 6 

7 10 12 16 

17 19 23 25 

26 27 2 30 

Total: Sixteen Sacks 

Color 

1J 

aroup 

Sackallo: 4 5 8 9 

11 13 14 15 

18 20 21 22 

24 28 

Total: Fourteen aoks 

The rook has a light brown shade (cinnamon). Upon close 

examination, white as well as dark-grey particles can be asen. 

The material is not phosphorescent tmder violet light. 

Fluidtti 

The ore flows easily. It is dusty, but particles of 

dust settle fairly quickly in the air; the dust has a high 

absolute density. 

Odor 

When the material is handled and particles of the dust 

are floating, a slight odor is aDparent. The odor ta too 

sui generis to be described. After the particles settle, 

there is no odor. The material has been Btored in a closed 

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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OD io it 

The rook is not hygrosoopic. vei more, when moistened 

or wet samDies were left in a room under usual conditions, 

they always dried to the eae degree as the original samples. 

ihen wet, the material is darker in color. 

Bulk peoifio Gravity 

Determinations were made Thlloviing the technique 

prescribed by the American Oociety for Testing !ateriaia( 

A 250-c.c. Le Chatelier flask was used. Five determinations 

were made in all; two on sacks of Group A, and three on sacks 

of Group B. 

Group A Gro 

Saok Bulk Sack Bulk 
o. Sp. Or. o. Sp. Gr. 

6 2.86 9 2.70 

19 2.78 15 2.72 
28 2.70 

Size Composition 

A substantial idea of the appearance of the ore may be 

obtained from Fig. No. 1, page 1., which is a microphotograph 

of the whole, just as received. Th presence of particles of 

different sizes in this unground, natural material, augested 

a size analysis; this should eventually lead towards the 

identification of the major constituents. 
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Fig. I Unound Phosphatie Sa 



The Tyler Standard Screen-scale and sieves were adopted 

and uied throughout this work. The equipment eonsiate of 

the following: 

One set of Tyler Standard Screen-soale 
Sieves 

The W. S. Tyler Co., Cleveland. Ohio. 

One RO-TA1 Mechanical Sieve Shaker; No. 4218; actuated 

by a 1/3 h.p. General leotric motor. 

One Tyler Automatic Timer: Model 8033B. 

One Teobnioal 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 u to fifty grams. 

Sam1es were always shaken for ten minutes, 
which time proved 

to be sufficient to cause all corresponding 
sizes to pass 

through the respective sieves. 

3even saake (i-6-12-19-25-28-30) were 
selected for sieve 

analyses. Results have been arranged in Table 1, 
appearing 

on agel3; they are also plotted in Flgs.2-3,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 No. 19 and 28 are richer in 

coarser particles and. correspondingly low in the finer 
grains. 

Uon consideration of the average, it I seeti that only four 

sizes; namely: -l4/2O, -20/28, -281.35, and -35/#48, are 

resoonsible for more than half of the 
weight. i.e., 54 per 

cent; also, that almost one fifth of the material goes 



TA3L. I. SIZING A.NALYSE& OF U}TGROUND PHOSPHATIC SPND3 

Individual Percent Retained 

Sack Total 
No. No. 10 -lo -14 -20 -28 35 ..48 65 -0O - 150 

Mesh 2O 8 48 +65 +0O Mesh 

1 1 8.1 

2 

3 12 4.9 

4 19 4.1 

5 25 3.9 

6 28 3.0 

7 30 2.4 

Avge 4.32 

3.4 12.6 18.8 11.7 9.1 7.2 6.5 3.5 19.1 100.0 

3.7 14.0 19.6 11,9 9.5 7.4 7.1 3.8 19.2 100,0 

3,9 13.0 17.9 11.4 9.0 7.5 7.4 4.1 20.9 100.0 

3.8 14.2 20.1 12.3 10.0 8.2 7.4 3.5 16.4 100.0 

4.0 12.2 17.1 11.2 9.5 7.8 8.0 4.8 21,5 100.0 

5.5 16,6 20.2 12,3 11.0 7.9 6.7 3.1 13.7 100.0 

3.4 12.7 18.8 12.4 10.3 8.4 7.9 4,5 19,2 100.0 

3.96 13.61 18.93 11.90 9,78 7.77 7.29 3,90 18,57 100.0 
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Table i (Contd) 

Sizing AnaTyses of Ururround Phosphatic Sands 

Cumulative eroent rifler 

Minus 

Sack 10 14 20 28 35 48 65 loo 150 

No. No. Mesh Mesh Mesh Mesh Mesh Mesh Mesh Mesh Mesh 

1 1 9L9 88.5 75.9 57.1 45.4 36.3 2.l 22.6 19.1 

2 6 96.2 92.5 78.5 58.9 47.0 37.5 30.]. 23.0 19.2 

3 12 95.1 91.2 78. 60.3 48.9 39.9 3.4 25.0 20.9 

4 19 95.9 92.1 77.9 57.8 45.5 35.5 27.3 19.9 16.4 

5 25 96.1 92.1 79. 62.8 51.6 42.1 34.3 26.3 21.5 

6 28 97.0 91.5 74.9 5.7 42.4 31.4 23.5 16.8 13.7 

7 30 97.6 94.2 81.5 62.7 50.3 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 



15 

Fig. 2 SI2flk ANALYSIS OF UNGROUND PHOSPHATIC SANDS 
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Fig, 4 Ungrbund Pho8phatio S*M Fig. 5 Unground Phosphatic Sand 
OJ14 - irie ah 20/2 8 me ah 
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Fig 6 Unground Phosphatic Sand 
55/48 mesh 

T - 

Fig 7 Unground Phosphatic Sand 
48/65 mesh 
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Pig. 8 IJnround Phosphatic $and Pie. 9 Unground Phophatic Band 
100/150 mash M1nu8 150 meb 
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through 1$Oesh. *ok No & an'i 28 were considered to be 

exaotl representative of Groups A and B, respectively. 

Aspects of the severul 'raotions of a ìixture 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. 

Dimensions, in terms of the Tyler Standard Screen-scale, 

are given below(6), 

&eth 0paiains 
ito. mn. inches 

10 1.661 0.065 
14 1.168 0.046 
20 0.833 0.0328 

28 0.589 0.0232 
36 0.417 0.0164 
48 0.295 0.0116 

65 0.208 0.0082 
100 0.147 0.0068 
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 

$aoks iTo. 6 and. 28 in eua1 parts. It iì thought that tne 

results are appioable to the ontire sample as previously 

indicated. 

Thite, flat, round-edged, shell-like particles abound 

in the larger sizes. They are the hardest oi aU. uowponents 

to grind. Sorne were band-ioked and their ciiemical 

composition &eternhin6d. Pig. 10 is a photograph o these 

particles. Reference to analytical procedure is made in 



further part of present sub-chapter. 

Chemical composition of the white, flat, round-edged 

partiales: 

Calcium Carbonate 98.1% 
Tricaloiurn Phosphate 0.6 
Insoluble in A.R. 1.1 

Total 

ApDarently they are marine fossils, parts or shells of 

mollusks. The îresenoe of small amounts of phosphorus and 

silica might be eiolained 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: 

Calcium Carbonate 6.4% 
Tricalotuin Phosphate 2.9 
Insoluble in A.R. 90.1 

Tota]. 99.4 

Undoubtedly, these grains are free quartz. 

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: 
Calcium Carbonate 11.1% 
Trioaloium Phosphate 4.2 
Insoluble in A.R. 80.1 
Undetermined 4.6 

Total l00.0 

These are quartz grains, probably contaminated by or 

combined with metallic oxides. A picture appears on page 22, 

Fig. li. 

Two more types of grains are evident in very small 



Fig 10 Whito, ho11-1iko particles Fig 13. Gray, sharp.cdged quartz 
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quantity. These were separated during the Tabling 

exDeriments, and their sizes vary :trom 0.3 mm. to 0.1 mm. 

One type is red, floats in Bromoforrn, and was identified 

as a variety of clay. The second type is black and 

strongly magnetic. It sinks in Bromoform, appeared in the 

unper spigots of the Stiral, nd is robably magnetite. 

o subsequent identification was attemited. 

Saline aterial: C'ne portion of the sample was 

leached with five times its weight of cold water. Color 

was not affected. Sodium, Potassium and Chlorides were 

determined in aliquots. Sodium was deterrined by the 

Uranyl Acetate method. Potassium was precipitated with 

Cobalti-nitrite and the precipitate titrated wtb Cerium 

Nitrate and Sodium Oxalate Chlorides were titrated with 

Silr Nitrate. The following results refer to percentages 

by weight of original ore: 

Sodium Chloride (Na Cl) 3.0% 
Potassium Chloride ( 01) 1.3% 

Uion evaporhting another alianot on the steam bath 

nothing remained but a saline residue. 

Organic Matter: A portion of the origina]. sample was 

leached several times with boiling water. The residual ore 

had same shade as before. Upon evaorating the bulk of 

filtrate and washings on the steam bath, a 8lightly yellow 

jelly-like residue was obtained. Ita odor is exactly the 

same as that oS' the orgtnal orc This restdue charred 
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upon heating with a direct flame. It certainly constitutes 

the organic Dart o the phoshate-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 (jeldahl modified technique was followed; the 

distillate was collected in boric acid and titrated with 

standardized acid. A blank was simultaneously run. The 

result was: 

Nitrogen (N) 0.39% 

Behavior Upon Heating: An electric furnace was used 

to heat the material to 30OC. for two hours. The color 

of the sannle turned into grey. The sample was 

heated for two more hours at 80000. After reaching a light 

grey, no other change In color was observed. The losses 

aro reported on Table 2. 



Table 2. Loas o Weight bi Reatin 

Loss ot Weight 
Referred to Original Sample 

Heating Individual - Cumulative 
Conditions 

300°C. for 2 hours 6.6 6.6 
8O0C. for 2 hours 
additional 18.6 25.1 

The loss of organic matter by a hot thorough leaching 

did not ohage the original co1or Hence, the discoloration 

of the rook by- direct beating must be due to the loas of 

other aubstnoe It is believed that a dehydration, and 

eventually a destruction, of the organic-inorganic complex 

takes Diace dtring the heating: probably this involves the 

transformation of a brown, hydrated ferne phosphate into a 

white (practically) anhydrous ferne phosphate. A 

determination of iron by the Zimmermann-Reinhardt procedure 

indicated a content of l.5 by weight in the ore, exrosed 
as the metal Fe. The evolution of carbonic acid from the 

partial decomposition of thn calcium carbonate must also 

account for part of the total loss of v;eghts; a longer and 

moro intense heating would make the transformation into 

calcium oxide practically complete. 



Total Phosphoria Aoid, Oaloliw, Carbonate, and Inaoluble 

.naltioaI i)eteïznthation: As to total phosphorlo aold., 

the alkalimetrio method was select ed because of its 
sinmiloity snd accuracy. The technique o1lowed was that 
given by the l3ureau of tanãaäs. The alkaline solution 
was standardized aa1nst the Bnr"au of $tandard Standard 

Acid Potassium Phthalate o. The acid solution was 

standardized against the alkaline solution. The nethod was 

double checked at the start: 1) wIth the Bureau of Standards 

Standard Sample No. 56 of Tennessee Phosphate Rook31, and 2) 

with the sureau of Standards gravlrnetric methcd. DeteTrTui- 

nattons were always made In dui,lioate; the 'averape was 

calculated for consistent results. Otherwise, a third 

determination was made ft a few oases. Results are ezDre3sed 

both in phosphoric acid and in B.?.i. (3one phosphate of lime) 

as oeroentage by waIht of original ore. 

Concerning the determination of total CalcIum, an 

UquOt tif the aoiû solution of tho sample was used. Calcium 

was proipitated, with azioni ..xalate. The calcium oxalate 

was dissolved in perohioria acid and this solution titrated 
stidrdtzed Cerium Nitrate. Single determinations were 

made. 

The firuros fox' Calcium Carbonate were omputed by 

subtraotth' the stoiohiometrio Caloiu oxide corresponding 
to the phosphoric acid from the total Calcium Oxide. The 

resulting difference was then atoiohiomtrioally converted 



into Calcium Carbonate. 

Insoluble 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 

Calcium 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 calcium 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 Phosphoric Acid: In order to obtain 

useful information as to how the phosphatie content is 

distributed throughout the ore, determinations of P205 were 

made in the several sizes. The results, both individual 

and cumulative for seven samples, are arranged in Table 3, 

page 28. Fig.1E, page 30, i8 a plot which shows how the 

respective averages fluotuate with size. 

Proximate Composition: Figures for Insoluble, 

Tricalolum ?hosDhate and Calcium 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 sizes; 

namely, below -100-mesh. Figuree on Table 4 show that the 



Table 3 
Distribution o ?hosphorio Aoid According to Sizing Analysis 

Saok No. 6 

Grade 
Retained (rade Cumula- Cumula- Individual 
Indi- Indi- tiTe tive Distribution 

Mesh vidual vidual Finer Finer of P205 

Vit. % % P25 Wt. % % P205 % of Total 

None 8.2 
?lus 10 3.8 3.3 96.2 8.4 1.5 

Plus 14 3.7 2.9 92.5 8.6 1.4 

Plus 20 14.0 3.1 '78.5 96 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 50 37.5 16.5 5.8 

Plus 65 7.4 6.4 30.1 19.0 5.7 

Plus 100 7.1 9.7 23.0 21.8 8.4 

Plus 150 3.8 16.2 19.2 22.6 8.3 

Minus 150 19.2 
1OD.O 

22.6 53.2 
100.0 

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 54.7 8.0 9.1 

Plus 35 12.3 2.9 42.4 9.5 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 

7lus 150 3.1 12.5 13.7 17.3 7.2 

LiflU8 150 13.7 17.3 436 
Ioo.o IOD.0 
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Table 3 (contd.) 
Phosphoric Acta Oontent According to Ore Sizes 

Sample Used tri BxDeriments 
Retained Grade - Grade Individual 
Indi- Indi- Onmalative(*) Distribution 

Mesh vidual vidual(*) Finer P205 

wt. % % p2o5 % p2o5 % oÎ' Total 

iTone 68 
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 7.1 
Plus 35 12.1 3.l 12.0 5.4 
Plus 48 10.3 4.4 14.2 6.6 
Plus 65 7.7 5.6 16.7 6.3 
Plus 100 6.I 8.4 196 8.5 
Plus 150 8.4 15.6 20.4 7.8 
Minus 150 36.4 20.4 49.3 

(*) In the computation o these values the corresponding 
percentages by weight of the fractions retained have 
also been taken in acooint. 



Fig. 12 P205 CONTEIT ACCORDING TO SIZES 

Sample Used in Experiments 
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TT 4- PROXIMATE AALYSIS OF RAW LATERIAL 

Two Samples 

Insoluble Ca3 (POÇ Ca CO0 Undetertiined Total 

Me oh 
Sack Sack Sack Sack Sack Sack Sack Sack Sack Sack 
6 28 6 28 6 28 6 28 6 28 

4 10 19,1 41.8 7.2 4.8 62.3 44.1 11.4 9.3 l0O.0 100.0 

4-14 18,9 48,0 6.3 2,8 55,8 24,7 19.0 24.5 100.0 100,0 

4 20 17.1 34.]. 6,8 5.2 63,8 59,1 12.3 1.6 100.0 100.0 

4- 28 17.9 25.9 5.2 5,5 70.8 65.5 6,1 3.1 100.0 100.0 

4- 35 22.5 32,8 7.2 6.3 65.4 58.0 4.9 2.9 100.0 100,0 

4- 48 42,3 4/Q 10.9 7.5 31.0 30,1 15,8 15.4 100.0 100,0 

4- 65 56,7 63.4 14,0 10.5 20,0 1,3 9,3 6,8 130,0 130.0 

4-loo 43.2 55,7 21,2 15.3 12,0 11.4 18.o 17.6 100,0 1CL,O 

4-150 25.4 28,7 35,4 27,3 29.4 27.3 9.8 16.7 100.0 lOu,0 

15O 3.0 6.2 40,4 37.8 None 15.8 47.6 40.2 100.0 



quartz predominates in the intermediate fractions, with 

negligible percentage in the -160-macb. Calcium Carbonate, 

however, is the highest in the coarser grains. 

"Undetermined" includes organic matter, iron and other 

minor elements, salts, and water of crystallization. The 

"undetermined" accounts for almost half of the weight of 

the -150-mesh fraction. This Is an important fact when 

the upgrading of the ore is considered. Upgrading is the 

subject of the following chapters. 
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Specifications Reqired oduot 

8t sg talyai a 

The concentrated material shall pass through }Iesh 

No. 80, (876 meshes per square centimeter). An 

allowance of 2& of plus 80-mesh material is per- 

mitted. In no case ahafl. the fertilizer contain 

grains larger than 3 millimeters. 

Total Aoii Phosphorto 

The total content of phosphoric acid shall be greater 

than 18% 2205. 

P205 Readily Available 

The amount of phosphoric acid eslubic in acid citric. 

2% aqneous sol*ttm, is a fayorable factor in judging 

the fertilizer. 

Nitrogen and Potash 

The tresence of Nitrogen anti Potash is ueslrable. 
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Hydraulic ClassiÍication 

$lzirig Tests on "Dorreo" Fahrenwa)Â Classifier 

3tatements: The assumptions under which tokes', 

Newton's, and Newton-Rittinger's relations hold are far from 

being ruflt in the case of this ore. Because of the 

simultaneous presence of small and largo nartioles1 neither 

Newton's or tokes' formulas apiy. As to shape, tiotures 

and screen analyses shOw that aroximately 70% of the 

material does not have, nor even airoximates, the shape of 

spheres, which is one of the assunmtions under which the 

mentioned relations work. Unless correction factors for 

sheriolty and for crowding conditions were Irnown for tiis 

ore, the use of the formulas was considered inadvisable. 

Moreover, the difference th speolfic gravities, which is a 

relevant factor in hydraulic searation, is very small. 

Because the phoarhatic conrlex oontairn organic matter, the 

Sn. gr. vrobably is lower than the 3.14 figure accepted for 

the re trioaioium rhosnhate. If a value of 2.? is assumed 

for the s-o. r. of calcium carbonate and of quartz, then 

there is scarcely a difference of O.3 in the sp. gr of the 

substances which were to be senarated. 

The eonsderations for tie Dresent case favor an 

er'erirnenta, rather than a strictly theoretical approach 

of hydraulic classification. 
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Principles: As hindered-settling Is the condition in 

which separation might take place in commercial scale, a 

Fahrenwald 3izer was considered suitable for this study. 

Here, a mixture oÍ' grains o different speoiÍio gravities, 
shaDes, arid sizes, crowded 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 orovided 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 
wider hindered-settling conditions was applicable to this 

ore. 

3guipment and Modus Operandi: Main pieces of equipment 

used were: 

Two '?later Meters. No. 1023570. 
Buffalo Meter Co., Buffalo, N. Y. 

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

One Syntron 1eotric Controller. Type F00. 
Style 4283. Serial No. 1)20 45229. 
Syntron Co., Homer City, Pa. 

One "Lightnin' Mixer, compressed-air driven. 
Model AR 08. ser. No. 420430. 
Mixing Equiment Co., Inc., Rochester N. Y. 

One "Borroo" Fahrenwald Sizer. 5' x 5" z 12" 
sizing co1ui. Ser. No. P-5-D. 
The Jorr Co., Inc., New York 
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One iix-gaflons capacity Tank 

One Or Bin 

Piping, Fittings, Gages, Stands, Valves, etc. 

The equipment was arranged in cascade as shown in Pig. 13, 

page 37. A Flow.-8heet is reproduced in Fig. 14, page 38. 

Dry ore was delivered at known rates by Feeder 3 to 

Miser 4 where Feed Yater was also admitted. Feed water 

volume was recorded by a Viater Meter. From Ltixer 4 the 

pulP went into the Sizer. Here tho so-called "Hydraulic 

Water" entered the system to provide the hydraulic pressure 

necessary Thr a rising current of water. While the coarser 

fractions of the oro settled and wore intermittently 

discharged through the spigot in the bottom, the fines 

remained in suspension and were senarated as the overflow. 

A teetering effect was maintained in the sorting column. 

Four tests were nade, which will be designated as Runs 

1To. 1, 2, 3, and 4, reseotively. As to raw material, 

everything smaller than 28-mesh was used in Nuns 1, 2, and 3. 

In Run 4, the whole ore was tested. The samio was a mixture 

of 1:1 of Sacks No. 6 and No. 28. Tap water was used in all 

oases. 

No. 1: This test was of a tentative character 

intended to give aproximate information about pulp 

thickness, rate of feeding ore and water, and range of 

hydraulic flow. Values compatible wIth the size of the 

equipment were desirable and obtained. 
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Fig. 3.3 Arrangement for Hydraulic 
Classification 



Fig. 14 
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---------------- O? 
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Run No. 2: 

Exerimenta1 Data: 

Size of Ore -28 mesh 
PU1D 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 (ury), in kgs. 1.32 

Spigot Discharged (ìry), in kga. 1.52 

The Spigot and Overflow Droducts were separated by 

decantation and then dried in a steam-heated air-circulating 

oven at lOO°c. for several hours until constant weight. To 

judge sizing efficiency, sieve analysis were made both on 

the Sigot and on the Overflow fractions. Resulta have been 

tabulated in Table 5, pago 40. 



Table 5. Sieve of Feed and ?roduote fop Rn 2 

Feed( Overflow 8ptgot 

Indt- Cuimi- Indi- Uumu- Indi- Ouv- 
eab vidual lative vidual ]ative vithal 1atie 

No. Retained Finer Retained Finer Retained Finer 
by weight % by weight by weight 

21.2 78.8 1.0 99.0 26. 73,1 

35/48 18.]. 60.7 2.4 96.6 28.9 44.2 

48/65 13.5 47.2 3.4 93.2 21.2 23.0 

66/100 12.2 36.0 7.8 65.4 16.8 7.2 

100,/150 6.0 29.0 16.2 69.2 4.2 3.0 

-150 29.0 -- 69.2 -- 3.0 -- 

Totale 100.0 -- 100.0 -- 100.0 -- 

(*) This ooïuim was oomputed from Table 1, page 13. 
Valnee for the 80-rsh fraction rei,orted hereon were 
always found by .ir iba], interpolation. 
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in order to conmute the effIciency of seDaration, the 

phosDhorio acid content was determined in all fractions. 

Resuli obtained are reDorted in Table 6 and Table 7, below. 

_____________ Table 6. Grades in Overflow ___________ 
Grade Individual 

Grade Cumulative Distribution 
Mesh Individual Finer of Grado 

% B.'.L. O5 ' B.P.L. 5 of Total 

Tone 21.4 46.8 
+48 7.6 16.6 2l. 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 2.4 51.2 15.9 
-150 23.4 51.2 -- -- 75.7 

100.D 

Pable?. Grades in Spigot 

Grade Individual 
Grade Cumulative Distribution 

Mesh Individual Finer of Grade 

% P205% B.P.1. % P2o5 o Total 

None 3,3 72 
4-35 1.7 :3.? 4.0 8.7 13.6 
35/48 2.1 4.6 5.2 11.4 18.1 
48/65 3.0 6.6 7.2 15.7 19.0 
65/100 4.4 96 13.3 29.i. 20.7 
100/150 9.3 20.3 19.0 41.5 11.6 
-150 19.0 415 -- -- 17.0 

loo o 
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In order to eanine the distribution of the rest of 

the main oomonenta, determinatons of Insoluble and Calcium 

Carbonate were also made in all fractions. Â tabulation of 

the results appears in Pables No. 8 an No. 9, below. 

Table 8. Proximate ComDosition of Overflow in Run ro. 2 

Calcium 
Mesh B.'.L. Carbonate Insoluble Undetermined Total 

No. 

+48 16.6 34.3 28.5 20.6 100.0 
43/65 28.6 5.2 23.6 42.6 100.0 
65/100 30.8 None 22.8 46.4 100.0 
100/150 45.7 None 8.8 45.5 100.0 
-150 51.2 None 3.1 45.7 100.0 

Pable 9. ProxImate CornDosition of spigot inRtn No. 2 

Calcium 
B.PIL. Carbonate Insoluble Undetermined Total 

io' 90 

+35; 3.? 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 6.0 100.0 
65/100 96 15.9 69.6 4.9 100.0 
100/150 20.3 11.8 58.0 9.9 100.0 
-150 41.5 None 20.6 37.9 100.0 
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When oonsIderin the Overflow product from the 

Seøifioattûns standpoint, lt is seen from Table 5, nage 40, 

that 9O.0 goos through 8O-iosh. Specifications require a 

minimum of' BO.0. As -23 mesh ore wa used in the 

exner1ment, it is obvious that there are no artiolos larger 

than 3.0 mm. As te grade, Pable 6, page 41, reports a figure 

of 21.4% P205 (46.8Y B..?.). Seoif1oatioxìs require at 

least 18.0% 25 Referenoes to the Nitrogen, Potash, and 

Organic Latter contents are made for all of the experiments 

in a subsequent section. 

Throughout this writing, efficiency of separation will 

be defined as the ratio between the amount of phosphoric 

acid recovered in the fines and tne amount o 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 oeration concerned. It usual2 y was a 

-28 or a -20 mesh ore; i.e., the ro& was subjected to a 

preliminary sieve-sorting Intended to eventually eliminate 

lnrge stones or bones. Operational Efficiency will altrays 

be computed from exerimenta1 data of tebts actually 

performed. On the other hand, vera11 ffioiency of 

Searation will refer to the mine-rim ore just a it was 

received. Overall Efficiency will be calculated from the 

Operational ffioienoy on the basis of mesh fractions and 

grades previously eliminated. For experiments made on the 



whole material, Operational and Overall Efficiencies will 

be the same. 

perationai Effioienoj of Separation for Fun No. 2: 

i)ata: 
7eipht of Material Fed, in kgs. 3.00 
Grade of Material Fed, in fo p205 10.1 
Weight of Fines, in kgs. 1.32 
Grade of Fines, in % P205 21.4 

Operational EffioIenoy = (l.32)(0.241 i loo * 93.2% 
t3.00)(O.101 

(Operational Efficiency corrected for a 
Solu1Ii Salts content of 4.39 is 97.4.) 

Overall Efficiency for Run No. 2: 

Data: 

Percent of+28 mesh material in the 
original ore 43.2 

Grade of whole original material, 90 6.8 
WeIght of +28 material to be added, in 

kgs ¡ 

(z.o)(4z.2 2.50 
100 - 43.2 

Overall 
= (1.32)(o.2l4 78.5% Efficiency 

(3.00)10.101 + (2.28)(o.025) a 

(Overall iffioiency corrected for Salts 
effect is 

After writing a "-80 mesht' material-balance, it was 

found that the weight of -80 mesh fines of overflow and 

spigots altogether, is greRter than the -80 meEh fines in 

thc 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 
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upon percentage of fines, but uon actual weight of fines. 

A P205 balance was also conmuted: 

2°5 In: 

(3.00)(0.lol) = 0.303 0.303 kgs. P205 

P205 Out: 

a) Overflow (l.32)(O.214) a 0.283 

b) Spigot (l.52)(o.033) 0.050 0.333 kgs. P205 

Gain 0.030 kgs. P205 

* io.o% 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 analytical 

determination of P205 in the products lower by 0.3, which is 

admissible within practical 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 kgu.) a loss of 0.16 lcgs. 

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 Rm will be compared 

with those for Runs 3 and 4 at the end of this section. 
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Rian. : 

Ixperimental Data: 

Size of Ore -28 mesh 
Pulp Thickness 0re::ater ratio 1:4 
Ore Fed in kgs. 3.00 
ydrau1io Water, 
rate of flow in 
ito/rain 3.6 

Length of Hun: Total of 17 minutes for 
the whole run 

Ftne Recovered (dry), in kgs. 1.25 

3ptgot Dtsohar'd (dz7), in kgs. 1.63 

Table 10. SieveAnîsesofFeedand Pro4uots R* $ 
Feed Oflow Spigot 

Indi- Ournu- Indi- Oumu- Indi- 
eah vidual lative vidua.. lative vidual lative 

No. Retained Finer Retained Finer Retained Fluor 
by weight % by weight % by weight 

36 21.2 788 3.1 96.9 24.7 75.3 
35/48 18.1 60.7 2.3 94.6 28.8 46.5 
48/65 13.5 47.2 5.8 88.8 ¿1.7 24.8 
65/100 12.2 35.0 14.7 7.1 17.4 7.4 
100/150 6.0 29.0 17.5 56.6 4.7 2.7 
-150 29.0 -- 56.6 -- 2.7 -- 

n------ - - - --e 
!ota1s 100.0 -- 100.0 -- 100.0 -- 

-.80 41.5 83.0 16.7 
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Table 11. Proximate Composition o Overflow and Spigot, Rim3 

Calcium In- Un- 
P205 B.P.IJ. Carbonate soluble determined Total 

fa fa ¶10 fa 

Overflow 22.0 48.1 1one 5.2 46.7 100.0 

Spigot 3.4 7.4 31.9 52.6 8.1 100.0 

From the viewnoint of specifications, it is evident that 

the fines of the Overflow satisfy the reouirements, sInce the 

-80 mesh fraction is greater than 80.Ofa, and since the grade 

is higher than 18.0% P205 

Operational fficIenc of Separation No. : 

Data: 

Weight of LaterIa1 Fed, in kgs. 3.0 

Grade of Material Fed, in fa P205 10.1 

Weight of Fines, in kge. 1.25 

Grade of Fines, in fa P205 
22.0 

Operational Efficiency - x 100 90.8 

(Operational Efficiency corrected for Salts 
effect is 94.9fa.) 

Overall JffIoiencg for Run o. 3: 

Data: 

Weight of 28 mesh material to be 
added, in kgs. 2.28 

Grade of the 28 material, in fa P2O 2.50 

- (1.25)(O.22) Overall ìffioiency (300)(plpl) (2.28)(O.025):76.4% 

(Overall )ffioienoy corrected for Salts effect 
is 80.3%.) 
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The P205 balance also showed an outnut laruér than 

the input, this time by 8.9%. 

A lcs f 0.12 kgs. of' water-solible materials took 

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

Run ITo. 4: 

Experimental Data: 

Size of Ore Unsoreeiìed stock 
?ulp Thickness Ore:dater ratio 1.4 
Ore Fed, in kgs. 3.00 
Hydraulic Water, rate of flow, its/mm 4.7 
Length of time, in minutes 16 

Fines Reo.ocered (dry), in ks. 0.42 

Spigot DisoharRed (dry), in kps. 2.36 

Table 12. $ieve nalses of Feed and 2roducts for Run 4 

Feed Overflow 3rigot 

Lesh Indi- C'amu- Indi- Oiimii- Indi- Cumu- No, vidual 3tive 
lie tiod vic1u1 lative 

epe4E 
yidi) 
Reae45?r 

lative 

10 3.4 6.6 3.6 96.4 10/14 4.6 92.0 6.7 89.7 14/20 15.3 76.7 20.0 
20/28 19.9 56.8 26.6 43.1 
28/'35 12.1 44.7 .6 96.4 17.2 5.9 
35/48 10.3 34.4. 2.0 94.4 12.0 13.9 
48,'GS 7.? 26.7 3.6 90.8 8.2 5.? 
65/100 6.9 19.8 5.3 85.5 4.6 1.1 
100,'150 3.4 16.4 6.9 78.6 1.0 0.1 -150 16.4 -- 78.6 -- 0.1 -- 

Totals 100.0 -- 100.0 -- 100.0 -- 

-80 24.0 89.5 3.5 



Table 13. Proximate Composition o Overflow and Spigot, Rtin4 

Calcium In- Un- 
Otç B.P.. Carbonate soluble thìtsrriined ota1 

___ ____ 
Ovorfl 48.1 None 6,9 46.0 100.0 
spigot 3.4 

--r- 

7.4 
_- M - 

51.6 
_.rs_t- 

3f.7 
- --S.-- 

4.3 100.0 
t*. 

This o?orflów, with 89.6Z paasing tnrough d0-aieìh, and 

hain a grade of 22.0% P205 (48.1% B.P.1.) nuet the 

t,tab1ished specifications. 

(uerattona1 Efficiano1 of Separation for Run o. 4:) 

¡Jata: 

Weight o Material Fed, in kge. 3.0 
Grade cÍ Latertal 1ed, in P205 6.8 
ieight o! fine, in kgs. 0.42 
grade of ?ines, in % P4,05 22.0 

0,*rationaI Rfftøinøv (0.42)(O.22) 45.3 
TL0HO.068 

(Op'ationa1 fficirioy corrected for Saltd 
Pf iot is 47.3%) 

Overall ffIoiej P. 4: Same as Operational 

Overall ffioccy = 45.3% 

(Overall tfio1eno:- corrsoted Lor a1t& effect is 47.$) 

This time the P205 balaroe inioatod a deficit of 15.4% 

based upon the feed. 

A omb1ned weight of 2.78 kgs. for the products 

re,resents a loss of 0.22 kgs. This value is too high when 

the salts content in the raw matrtaI is considered (4.3%). 

The loss of fines is resonsible for the deficit, and, o 
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00111,8$, fOr the low valuft ot the reoovery efficiency. 

l3efore surimarizing results for the three rims, the 

question of the proximate composition 01' the ovexflow 

should be made clear. In general, it can be said that it 

is very much the same as the composition of the -150 mesh 

!raction in the original ore. The contents of B.P.L. and. 

Insoluble need not be discussed. As to the "undetermined", 

amountin to alraost half of the composition, lt is made up 

of organic matter, water retained (likely by absorption 

and/or crystallization) and oxides of Iron and other metals. 

0f the figures obtained from Runs No. 2, No. 3, and 

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

Table 14. 
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Table 14. R$øults from Hydraulic Classification 

iffioienoies of 
Balanos SeDaration Overflow 

Super- Opera- 
JO. Dsioit avit tional Overall -80 mesh P205 B.P.L. 

2 10,0 93.2 82.0 90.0 21.4 46.8 
3 8.9 90.8 80.3 83.0 22.0 48.1 
4 15.4 45.3 47.3 89.5 22.0 48.1 

In the light of those results, it must be said that 

hydraulic classification of the ore is possible. Further- 

more, a shar out can be achieved, ifl the three experiments, 

products which meet the snecification requirements have been 

obtained. As to corrected overall efficiency, it is thought 

that about 80 could be reached, rovided there were no 

irregularities in the 2205 balance, the limitations of which 

should be kept in mind. It is believed that commercial- 

soalo equioment would afford higher efficiencies of 

searation for two reasons, chiefly: i) Cp3ration is 

steadier and errors minimized; and 2) Separation is 

performed gradually, in stages, according to the number of 

spigots, or sorting columns. 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 unsoreened feed; the recovery 

efficiencies are far below those obtained, when material 

of finer fractions was used. 
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!L Soreenig 

3tatement: 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 organic 

matter, shapes of grains, distribution of sizes, openings of 

the sieve, rate of feed. tyoe of motion, slope. 

Prinoiple: To the ordinary screening, stationary or 

shaking the influence of a moving liquid, commonly water, 

has been added. The action ol' the fluid is twofold: 

a) crains reach the sieve in the form of a susrension; 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-screen- 

sizing on different eleves. 

guipment and Procedure: One 3et of' Tyler itandard 

Screen-scale Sieves Four apertures were tested, namely; 

35, 48, 65, and lOO mesh. The material tested was run of 

mine, a mixturo 1:1 of Sacks No. 6 and No. 28. A 1088 by 

heating at 10500. was made on the feed. Value obtained 

was 4% by weight of origina]. material. A fifty-grams 

samp.e 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 Iii water. 

The doDth to whioh the seroen remained Bubmerged vias auoh 

that the ore was always below the water level, and the 

screen ton_rim always above the licuid surface. Four liters 

of water were hold in a suitable size pan. During ten 

consecutive minutes the sieve was given a shaking movement. 

Two motions were imparted alternately, up-and-down, and 

horizontal jerke Oscillations were approximately one inch, 

and two Inches, reineotively. dater was separated by 

filtration from the fines, and fines as well as oversize 

were dried at lO5O. constant weight. 

xperimenta1 Data: 

sieves Used 
35 48 65 100 

Mesh Mesh Mesh Mesh 

Weight of Oversize, in gra. 25.4 28.9 33.2 36.4 
Vieight of Undersize, in grs. 19.? 16.5 12.1 8.8 
Weight of Feed, in grs. 50.0 50.0 50.0 50.0 

Results: Since the oversize and imdersize were dried 

by heating, t loss by heating should be added to the 

weights reorte; also, loss due to salts dissolved. 



Rearranging the Results: 

Weight of Oversize, in grs. 
Weight of Undersize, in grs. 
LOSS by heating, in grs. 
Loss by salts dissolved, 

in grs. 

Sieves 
35 48 

Mesh Mesh 

25.4 28.9 
19.7 16.5 
2.0 2.0 

U sed 
65 

Mesh 

33.2 
12.1 
2.0 

54 

100 
Mesh 

36 4 
8.8 
2.0 

2.1 2.1 2.1 2.1 
4-_;i 49.5 44 4_93 

Determinations of ihohori acid were made In the 

undersi ze. 

Phosphoric Acid, % P205 

B.P.L., 

Undersize 
35 48 65 100 

Mesh Mesh Mesh Mesh 

13.3 16.0 19.1 22.3 

29.1 35.0 41.8 4.0 

From Table 3, the grade of the origInal material is 

known to be 6.8% ?205 (l4.85 B.F.L.). 

Efficiencies of Se'aration were calculated as the ratio 

of amount of P205, in grams, contained in the Undersize, to 

r2o5 contained in the original fifty-grams sam1e. 

Screen Mesh 

Separati on 

35 48 65 100 

77.1 77.6 68.0 5'?.? 

Although the undersize of a cut made at 65-mesh would 

pass the grade requirement, the eroentage retained by 80- 

mesh would be the limit, about 20%, of what is allowed. 

Phis difficulty could be overcome by simì1y grinding the 

coarse particles of this undersize until the specification 

for 81z0 was met. Still bettor recovery could be afforded 
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if the out is made at 48-neah. In this case, the 

specifications for both Rrde and size are met. This could 

be aohievd by two operations: Grinding and calcination. 

The lr)grading obtained by heating would be at the eDene 

Of thcj organic matter, which would be lost. From the 

standoint of the oquiment, a wet screening in the larger 

sizes is preferable. 'n order to diminish abrasion and to 

increase oaaoity 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-mash. Further 

considerations will be discussed in the latter part of this 

writing. 
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Tabling 

The prinaiples under i&hich the jerking tablee work 

are so well known that they are not de8cribed herein. 

However, let it be known that in the oase of this ore, 

whore the valuable material is In the fines, the "tailing 

side" is not e,eoted to discharge tailIngs but the 
concentrate. The "concentrate side" should deliver the 

valueless coarser fractions. In spite o this difference, 
and 1or the sake of DrevEnting onfusion, the orthodox 

convention of naraing the four sides will be maintained. 

The oqu1rment used was a Pilot Table with an attached 

feeding mechanism. This table, the ïicture of 

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

Pilot Table OVERSTROM 1JNIVERSALS 
Dimensions: 2 feet by 5 feet. 
Straub Mfg. Co., Oakland, Calif. 
Actuated by 1/2 h.p. General Electric motor. 

The oxeriment herein described will be called Run No. 7. 

The feed was the DreTiously described "run of mine" mixture 

1:1 of $aoka 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 

arIng, which meant the lowest number of strokes per 

minute. A steep oitoh of the table was used. Washing 

water was added at the rato of' 15 liters per minute. Upon 

visual checking of the performance it was seen that no 



57 

Fie. 15 Pi1t Table "Ovrutrom Un1vera1' 



material went to the concentrate end. Practically all of 

the material remained mixed and went to the tailing side. 

Neither an increase nor decrease of th rato of cleaning 

water altered the situation. linon gradually ciiminih1ng 

the ritoh of the table, a very small change was noticed. 

When the table was in Its flattest position, a slightly 

better se'naration could be observed. The fines, still 

mixed with the coarser ,artioles, went to the tailing 

side, while there was a small amount of coarse discharged 

from the concentrate end. 

'The second attenmt was made with the strongest tension 

on the mring. 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 

itself in the middlings sectIon and in the back end of the 

table, finally overflowing with the fines. A flatter table 
produced no bettor results. The change In rate of washing 

water throughout this test did not provide any perceptible 

ImDrove ment. 

Several intermediate degrees of tension on the table 

spring were tried at different slopes and at varied ratos 

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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traling 

statement: ßeoause tne pira1, boide permitting a 

gravity separation in a liquid meiium, also af1ords a size 

olassiioation, it was suggested that its use mit permit 

the soparatin o thd finer iart1o1e from the oJar$e ono. 

Theory: Aecording to Gleesorí seartion in the 3piral 

18 the result oi two Íorcer acting on tii particles 

8Uspeflded in the stream: centrifugal and gravitational. 

The centrirugal force is tangential to the channel, directly 

proportional to the square oÍ the velocity of ilow and 

inversely roortional to the radius at which the gravity 

center o1 the oart:c1e is iocatei. The gravitational Ioroe 

acts downwards. In the case oÍ light particles, namely 

water and fine, low absolute donsty grains, the resultant 

of the forces actu acrosa the channel. As Thr the heavy 

elerients, the resultant o the two forces oulls do. 

"There is, eonseqwntly, besides the flow of 
water d.own the length of the aniral, a flow of 
decreasing velocity dovnward and across the 

channel to the top, progressively increasing 
in velocity until friction again enters1" 

Fig. 16, iage 60, is an schmatio representation of 

this crosswise cycle. Fig. 17, page 61, shows a tyioal, 

actual distribution of the fractions acroes the channel. 

Ftgs. 18 and 19, paea 62 and 63, resDectively, 

are aelf-exnlanatory. 



Ouler podjus 

o Pore/c/es of low derisiy 

Paric/es of high de#slly 

Tal/ing M/dof/ing co P7 cen tra/e 

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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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 



 (over) 
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No, 19t383. 

Euhreys Spiral Cioentrator 1odel 24.A 5 turn, 
ix. single f zwne, Laboratory test unit of oomrierc ial 

June 15, 1944, 

The Thhrers Investment Conçany 
910 First National Bank Building 
Denver 2, Colorado. 
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No. 21210 

Uunhreya Spiral Concentrator -LíOdJ. 24-A, laboratory tect 
unit of ooniiuoroial size, close-up view. 

Two of the adjuztable splitters which set into the 
concentrato outlets are shown. Those can be turned 
to permit a wide or narrow cut of concentrate, to 
co into the concentrate or middliig outlets, 
Concentrate can be aeon in the upper part of the 
spiral as the dark path tovd the inside of tho 
concentrator, while tailing is to lighter oolorod 
material runnin:: further up into the faster novin 
stree of water &bovc the concentrato outlet. Vash 
water is transferred from the small washwater channel 
on the inside of the spiral by the rod which picks 
it up from that ohamiel and diverts it to the in ido 
of the main channel, Concentrato is drawn off from 
the upper outlets, while middling is drawn off from 
the lower outlets and tailing is discharged at the 
end of the spiral. 

Nove.ber 25, 1944. 

The Humphreya Investment Coapaziy 
910 First National Bank Building 
Denver 2, Colorado. 
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Eguirrnant and Procedure: i. tour-turns unmhreys Spiral 

was used. í centriíugal umo, Di-'in.s and tank connected to 

the Spiral, completed a closed circuit, which is shown in 

picture 18. 

The same sanmle used in the foregoing experiments was 

used in this test, except that it was screened through 10- 

mesh. Tan water was used as the fluid. The splitters were 

ground to fit. Four runs, desirnated as No. 8, 9, 10, and 

11 were made. Material oharped was 3. 4. 5, and 6 kilos, 

resDectively. Pump was maintained at full soeed. Samples 

of both Sì-igot and Channel rroducts 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 1ra1 Tests 

Run 'Jeight Ratio of Weights % 
No. of charge 

Uiigot Spigot Channel 
kgrs. Channel (ooarse)(fines) 

8 3 9.33 19 16.3. 

9 4 4.87 2.5 11.3 
10 5 5.58 2.4 13.6 
11 6 5.76 2.2 15.6 

Sizing analyses were also made on Spigot and Channel 

r,roducts for all runs. Results are renorted in Table 16, 

below. 

Table 16. Sizing Analyses of Spiral 'roduots 

Run 8 Run 9 Run 10 Run 11 

Mesh Spig- Chan- Spig- Chan- Spig- Chan- spig- Chan- 
No. ot nel ot nel ot nel ot nel 

14 2.4 
14/20 18.0 
20/28 28.2 
28/35 17.8 
35/48 13.7 
48/65 9.2 
65/100 6.1 
100/150 2.2 
-150 2.4 

100.0 

I 

by !t. ; by t. o by it. 'o by Jt. 

15.4 1.6 16.5 
'S I '7 

.LIJS I 

6.9 25.9 11.2 
3.8 19.0 5.7 
3.0 15.9 4.3 
2.2 11.7 3.5 
2.8 7.6 3.1 
4.9 2.6 2.0 

45.4 2.0 31.5 
100.0 100.0 100.0 

2.0 15.5 
16.8 19.4 
28.0 7.5 
18.6 3.9 
13.7 3.2 
9.8 3.2 
6.3 0.2 
2.1 7.1 
2.7 400 

100.0 100.0 

2.0 8.1 
15.2 8.0 
27.3 3.2 
18.3 2.0 
14.8 2.6 
10.6 3.0 
6.6 3.2 
2.2 4.0 
3.0 65.9 

100.0 100.0 



Considering the behavior of the ore in the spiral from 

a rrelimlnal7, cualitativo standoint, lt must be observed 

In Table 16 that the channel roduot in ali runs contains a 

hlp Deroentage o the 20 mesh grains, i.e., the large, flat 

oarticles of oaloiurn carbonate (marine shells). 
£hiiì aot 

alone makes the channel nroduot of all runs unsatisfactory 

from the standnoint of size requirements. jiowever, from 20- 

mesh down, a sudden dro of the quantities of coarse grains 

could be seen. These values remain consistently low as the 

sieve apertures decrease. 

Ieferring now to the grades, it is realized from Table 

15 that no Run gave a satisfactory product. Apparently the 

high proortion of 20 mesh particles is responsible for the 

low grade. 

Considering the tests from the viewnoint of the pulp 

densities, Runs No. 9, 10, and Il, are consistent in that 

the thicker the uln the more fines in the channel product. 

The grades are accordingly higher. This observation conf irme 

the issue that aDirals achieve better performance at full 

load. The problem of irnroving the channel nroduct 
is 

accessible by either one of two ways: 

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

2) Subjecting the oharmel iroduct to further cleaning. 

The second method aìrars to be the most simnie and economic. 
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Hydraulic sizers, or even a 20-mesh screen, would perform the 

duty with a large oaiacity rate. 

CornDutation of Efficiencies: Recoveries were calculated 

upon the basis of separation achieved. The latter was based 

on the ratio of weights of sipot and channel fractions 

obtained by sampling. Corrections were included for the salt 

effect and for the reaiminary screening. resuits appear in 

Table 17, below. 

Table 17. EfficiencIes in the iral 

Run Charge i Grade Efficiency of $eparation 
No. O/oh +1 in 

Channel Operational Overall 

b-41 T) ( 
' 2"5 

8 3 0.0968 16.]. 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 efficionoles of separation are strikingly low. Two 

immediate reasons are apparent for the ow yields: 1) Too 

ranch weight of fines in the sT)igot product and, of course, in 

the tailings, and 2) The already eXIstent relation between 

size and grade. A 1)205 determination in the -150 mesh 

fraction of the arilgot In Run 11 indicated 18.6%. The 

possible means of Imoroving the oeration would be to 
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aupDlernent Lt by retreating the spigot and channel fraotionB. 

An hydraullo classifier or even a sand washer would. permit 

recovery of the rines oontained in the sDigot fraction. Qn 

the other hand, an hydraulic classifier or even a screen 

would eliminate the large flat artioles contained in the 

channel roduot. Prom above considerations, it ja advisable 

that further experimentation of the siral combined with 

other hydraulic euirment be carried on. Lilie to the 

unsatisfactory nreliiinary results, ex'erirnentatiOn with 

sirai separation was discontinued. 



Flotation 

Statement: The raw material was considered as a 

phosphate-silica-calcite ore. Hence, differential 

concentration by seDarating a concentrate relatively rich In 

phosphate and relatively poor In oaloite-sllioa was attempted. 

The phosDhate industry in the U.S.A. Is suooesful1y 

recovering phosphatia material by floHting the rejects of the 

matrix washerios, mainly in Florida, and to a less extent in 

Tennessee. 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 sumes and the percentage of silica and calcite 

In the 11.5. fluophosphates are very much lower. 

Because the oresence of calcium carbonate, only an 

alkaline pulp was considered to be feasible for a commercial 

operation. 

Eouipment and Procedure: The main pieces of equipment 

used were: 

1) One 1000-gram Denver Lab. Flotation haohIne, 
Sub-A, powered by a 1/6 h.p. electric motor, 
i hase, variable speed; Kirnble Electric Co., 
Chicago, Ill. 

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

3) One Beckman pH Meter. Industrial Model. 
Direct Reading. ITational Technical 
Laboratories, pasadena, Calif. 

4) Mioropiettes. 
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same mixture a beThre was used as feed. Eleven tests 

were made, which will be referred to as Rune No. 12, 13, 14. 

15, 16, ri, ie, 19, 20, 21, and 22. In all of the rims 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 

oorìdltioning period was ten minutes. The Íeed was 

conditioned as a thick Duip f'or ten minutes and then 

transferred to the flotation machine and diluted. pH 

determinations were made in the pulp after conditioned, in 

the concentrate, and in the tailings. After flotation, 

concentrate and tailings were filtered; the solids dried 

and weighed. 3eoific conditions for each run will be 

reported when describing the separate experiments. Reagents 

used and their intended action are listed below: 

Frothers: Yarmor F Pine Oil 

Collector: 0181e Acid. Orinite, mu1so1 x-1, 
Fuel Oil 

Modifiers: NaOR, Lime Sodium Silicate. 



Run No. 12 

Conditions: 

Feed Charge, in grams 
Grade of Charge, in % P205 
Size of Feed 
Pulp Thickne8s, in Ç of solids, by wt. 

Conditioning 
Pl o t at ion 

Flotation period, in minutes 
pH of pulp, brought with 2% NaOH aq. 

soin up to 
Yarmor F Pine Oil 
Oleic Acid 
Fuel Oil 

r, , 

1000 
10.1 
-28 mesh 

60 
25 
50 

8.0 
0.1 lb/ton 
1.13 lb/ton 
3.0 lb/ton 

Results: There was so much froth formed that it kept 

flowing for aThost one hour. 1eight and grades of 

concentrate an tailings were: 

pH of the tailings 7.7 

Weight (dry) Grade 
% by weight 

:P205 B.1!.L. 

Concentrate 350 14.9 32.6 

Tailings 604 5.3 11.6 

Total 954 



7roximato composition was: 

Concentrate Tailings 

Insoluble in A.R. 7.2% 
Trioalcium Phosphate 32.6 11.6 
Calcium Carbonate 6.4 9.1 
Undetermined 53.8 36.4 

Totals 100.0 100.0% 

Sizing analysis was: 

Concentrate Tailings 

+35 mesh 19.8 0.O 
35/48 26.9 1.3 
48/65 20.6 3.8 
65/100 13.9 8.0 
100/150 4.9 2.5 
-150 13.9 84.4 

Totals iüo.o3t 100.0% 

A total output o' 954 grams IS consistent with the 

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

Operational Efficiency o Separation: 

(350)(0.149) x 100 51.6% T1000)( 0.101) 

Overall Efficiency of Separation: 

Data: % by wt. of finer than 28-mesh, Is 56.8 

Grado or the overall 8took, in 
. 

P205, is 6.8 

350)(0.149 = 47.0% 
1000/0. 56S1( 0. 068 

Discussion: Recovery is low when compared with hydraulic 

separation. The concentrate does not pass the grade 

reauirementa; the size composition, however, is satisfactory. 

It Is seen that both the siliceous gangue and the calcium 

carbonate wore partially floated. It is also observed that 
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in spite of the long flotation time and the large amount of 

foam, an important amount of fines remained unfloated in 

the tailings. 

Itun No. 13 

Conditions: 

Feed Charge, In grams 
Grade of Charge, in % P205 
Size of Feed 
Pulp Thlc1ieas, in % of solids, by wt. 

Conditioning 
Flotation 

Flotation Period, in minutes 
Sodium Silicate (dry), in lbs/ton 
Fuel 011, in lbs/ton 
pH of pulo (brought u with Sod. Silla.) 

1000 
8.1 

-20 mesh 

60 
25 
13 
0.15 
3 
8.0 

Results: Flotation was rim as long as froth kept forming 

(13 minutes). 

pff of the Concentrate 

pit of the Tailings 

weight (dry) 
gre. 

7.1 

7.8 

Grade 
% by weight 

P205 LP.L. 

Concentrate 120 20.2 44.1 

Tailings 838 5.0 10.9 

Total 958 



Proximate comnosition was: 
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Concentrate Tailings 

Insoluble in A.R. 3.5 33.9% 
Trioalcium Phosphate 44.1 10.9 
Calcium Carbonate None 42.1 
Undetermined 52.4 13.1 

Potala 10O.0 100.O 

Sizing analysis was: 

Tailing 

28 mesh 29.2% 
28/35 18,3 
35/48 16.0 
48/65 11.? 
65/100 8.5 
100/150 2.3 
-150 14.0 

Total 100.0% 

Operational Efficiency of' 3eDaration: 29.9% 

Overall Efficiency of' 3eoaration: 27.3% 

1i3oussion: 3odium Silicate was a good depressant for the 

calcium oarbonate, and was fair for the silica. Jizing 

analysis of the concentrate was not made because it was 

visibly evident that the depree o fineness met the 

specification requirements. in this run, a satisfactory 

grado 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 P205 (37.6% B.P.L.) 

The absence of a collector was reflected in the very low 

yield of' fines, which was aDproimate1y one third of the 

weight of concentrate produced in ithn No. 12. This was 

the chief reason for auch a poor efficiency of separation. 



Run No. 14 

The object of this test was to find the effect (ur.der 

conditions of itun 13) of an increase in the amount of the 

deoressant. Pverything was the saine except that the Sodium 

Silicate was added at the rate of 0.65 lbs/ton. 

Results: The frothing period (flotation time) was only six 

minutes. The pff of concentrate and of tailings were 7.1 and 

7.3, respectively. 

Weight (dry) Grade 

grs. % by weight 
P205 B.P.L. 

Concentrate 115 20.5 44.8 

Tailings 901 4.9 10.7 

'roximate composition was: 

Insoluble in Â.R. 
Tricalotum Phosphate 
Calcium Carbonate 
Tinde te rmlned 

T o tal s 

Concentrate Tailings 

3 0 
44 e 

N one 
51 9 

100. O 

35.9% 
lo. 7 
42.3 
il 1 

100 . 



As to size distribution1 the sieve test gave: 
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Tai1ings 

+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 :ff1oionoy of Separation: 26.6 

Discussion: 1ffioienoies, although slightly lower, were 

practically the same as before. Grades were also the same. 

The silica was not further derressed. Sizing analysis 

indioated a small decrease in the percentage of the finer 

grains. Briefly, no practical appreciable change in 

efficiency or oomposition was obtained. 

Run No. 15 

This experiment was made in order to determine the 

effoot 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 Silioate and 

the Fuel Oil were used at the rates of 1.3 and 6.0 lbs/ton, 

respectively. The pH of the pulp was 7.3. 
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Results: The flotation period was round to be longer and 

lasted 15 minutes. The DH in the liquid o the concentrate 

and of the tailings were 7.2 and 7.7, respectively. 

Weight (dry) rade 

gre % by weight 
P205 B.?.L. 

Concentrate 149 20.2 44.1 

Tailings 782 4.9 10.7 

Proximate comO8it1on: 

Concentrate Tai1ing 

Insoluble in A.R. 3.1 
fricalolum Phosphate 44.1 10.? 
Calcium Carbonate None 41.8 
Undetermined 52.8 12.1 

Totals 100.ô3 100.0% 

Si.zing analysis: 

Tai1izg 

4-28 mesh 29.4 
28/35 17.8 
35,'48 16.3 
48/65 10.7 
65/100 67 
100/150 2.0 
-150 mesh 17.]. 

Total 100.0% 

Operational Ífio1enoy ot Separation; 37.6 

Overell Effio1enc of SeDaration: 33.9% 
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Discussion: Yhile the grade of the Droduct remained 

unchanged, the amount of fines collected, was larger, this 

being reflected in the inorease in the efficiency of 

separation. The deDression of the silica showed a small 

increase. The amount of fines left unfloated in the tailings 

was still high end should be reduced to promote higher 

efficiencies. 

Run No. 16 

This run was made at a higher pli in tk pulp. The 

increase in alkalinity was obtained b the addition of 

Sodium liydroide. Unuoreened "run of mine" was useã as 

the test sample. 

Conditions: 

Peed Charge, in grams 
Size of Feed 
Pulp Thickness, in solids %, by wt. 

Conditioning 
Flotation 

Flotation Time, in minutes 
Sodium Silicate, in lbs/ton 
Sodium Hydroxide 
Fuel Oil 
pH of the Pulp 

Results: 

pH In Concentrate 
oli in Tailings 

1000 
TJnsoreened 

60 
25 
13 
1.3 
1.3 
6.0 
8.6 

8.1 
8.3 
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Vleight (dry) Grade 

$ by weight gra. 
i'005 B.P.L. 

Concentrate 112 19.4 42.4 

Tailings 

Proximate composition: 

825 4.6 10.0 

Concentrate Tailings 

Insoluble in A.R. 2.1% 35.9% 
Tricalcium PhosDhate 42.4 10.0 
Calcium Carbonate None 43.5 
Undetermined 55.5 10.6 

Totals iOO.Ó% i00. 

Sizing analysis: 

Tail inEs 

+28 mesh 38.8% 
28/35 14.7 
35/48 13.2 
48/65 9.3 
65/100 6.6 
100/iso 2.7 
-150 mesh 14.7 

Total l0O.0 

Operational Jf1oiency of Separation: 32.0% 

Overall Eifio1ency of Separation: 32.0% 

Iisoussion: No appreciable change could be observed except 

a small additional deDrosßion of the silica. The amount o 

unfloated fines in the tailings remained about the same as 

in previous runs. 
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Run No. 17 

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

Conditions 

Feed Charge, in grams 
Size of Feed 
7ulp Thickness, in solids %, by wt. 

Conditioning 
Flotation 

Flotation Time, in minutes 
Sodium Silicate, in lbs/ton 
Calcium Oxido (dry) 
Oleic Acid 
Fuel Oil 
pH of the Pnlp 

Results: 

pff of Tailings were: 

1000 
-20 mesh 

60 
25 
15 

0.65 
1.4 
0.85 
3.0 
7.5 
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Weight (dry) Grade 
gre. % by weight 

P205 B.P.L. 

Concentrate 131 20.1 43.9 

Tailings 779 4.6 9.8 

roximate comnosition: 

Insoluble in A.R. 
Tricalcium Phosphate 
Calcium Carbonate 
Undetermined 

To t als 

Concentrate Tailings 

3.4% 
43.9 

37.6% 
9.8 

6.8 44.8 
45.9 7.8 

100.D% ioo.o 
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Sizing analysis: 
Pai1irig 

28 mesh 28.3% 
28/35 19.1 
35/48 16.0 
48/65 11.8 
65/100 9.2 
100/150 34 
-150 mesh 12.2 

Total 10D 

Operational Efficiency of Separation: 32.5% 

Overall Efficiency of Separation: 29.7% 

Discussion: The effect of the limo was primarily that of 

checking the deressing effect of the sodium ailicate, at 

least as far as calcium carbonato was concerned. In spite 

of this fact, the grade of the fines was still satisfactory. 

A small increase in the amount of floatation of the fines 

was indicated. 

Run No. 18 - - - 
This test was made in order to try the "Orinite" as a 

collector and filmer. 

Conditions: 

Feed Charge, in grams 1000 
Size of Feed 20 mesh 
Pulp Thickness, solids, wt. % 

Conditioning 60 
Flotation 25 

Flotation Time. minutes 10 
Sodium Silicate, lbs/ton 0.66 
Lime (dry), lb/ton 0.7 
Orinite, lb/ton 6.6 
pff of pulp 7.5 
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Results: 

pU of Tailings 7.6 

Concentrate 

t Grade Weight (dry, 
by weight gre. 

'25 BIIP.L. 

144 20.5 44.8 

Tailings '775 4.0 8.7 

Proximate composition: 

Insoluble in A.R. 
:jlrjca]ojum Phosphate 
Calcium Carbonate 
Undetermined 

To tal s 

sizing analysis: 

28 mesh 
28/35 
35/48 
48/65 
65/100 
100/150 
.'150 mesh 

T o t a]. 

Concentrate 

3.2% 
44.8 
5.2 

46 8 

Operational ¿fficiency of separation: 

Overall fficiency of Separation: 

Tailing 

38.8% 
8.7 

46 4 
6.1 

ioo.% 

Tailings 

28.0% 
19 O 
15.2 
il 3 
82 

S 

14:8 
100.0% 

36.$ 

33 I 6% 



Discussion: The slightly higher yield of fines and grade 

were resnonsible for the increase In efficiencies. The 

phoaDhoria 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-1. Oleic 4cid was us8d 

as a collector, and the filmer was purposely neglected. 

Conditions: 

Feed ar, in grams 
Size of Feeiì 
Pulp Thickness, solids, wt. % 
Conditioning 
Flotation 

Floatation Time, minutes 
Sodium Silleate, lbs/ton 
Sodium Hydroxide, lb/ton 
Oleic Acid, lb/ton 
Emulsol X-1, lb/ton 

Results: 

pli of Tailing8: 

1000 
-20 mesh 

60 
25 
12 

0.65 
0.04 
1.3 

I 66 

7.5 

eight (dry) Grade 
s % by weight gr . 25 B.P.L. 

Concentrate 160 19.9 43.5 

Tailings 760 4.6 10.0 
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Fig. 20 Flotation Tail1n,s from Run 1 



Proximate composition: 

Insoluble in A.R. 
Tricaloium Phosr hate 
Calcium Carbonate 
Undetermined 

To t a]. s 

3izin analysis: 

+ 28 mesh 
28/35 
35/48 
48/65 
65/100 
100/150 
-150 mesh 

Total 

Concentrate 

4.2% 
43.5 
:1.6 

50.7 
100.0 

Operational Efficiency of 3e9aration: 

Overall Efficiency of 3eparation: 

2ai linge 

36.7% 
10.0 
44 6 
8.7 

1_00_0 

Tail ing 

28.3% 
19 6 
15.7 
11.4 
7.8 
2.7 

:14.6 

ioo.c 

39.6% 

35.9% 

Discussion: Apiarently the emulsifier acted au a promoter. 

The increase in efficiency was due to a greater collection. 

The lowering of the calcium carbonate content in the 

concentrate confirmed the checking action of the lime. The 

amount of unfloated material was practically unchanged. 

. Q 

This was a low-capacity test performed at about the 

same conditions as Run No. 19. The main differences were 

the rethiction of test sample from one kilo down to one half, 

and the increase ii alkalinity. 



Conditions: 

Feed Charge, in p:rams 500 
Size of Feed -20 mesh 
Pulp Thickness, solids, wt. Ç 

Conditioning 60 
Flotation 14 

Flotation Time, in minutes 13 
Sodium Silicate, in lbs/ton 0.65 
Sodium Hydroxide, lbs/ton 0.48 
Oleic Acid, lbs/ton 1.3 
Ernulsol X-1 0.5 
pH of the Pu1p 8.5 

Resulta: 

pH of Concentrate 7.8 

pH of Tailings 7.9 

A tough foam was obtained. 

eight (dry) 
% by weight gs. 
P205 B..L. 

Concentrate 89 22.4 48.9 

Tailings 372 63 13.8 

Proximate comosition: 

Insoluble in AR. 
Tricalcium hoaphate 
Calcium Carbonate 
Undetermined 

Totals 

Concentrate Tai1ing 

5.3% 35.9; 
48.9 13.8 
None 38.6 
45.8 11.7 

100.0% 
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Sizing analysis: 

!ai1 ip 
+28 mesh 30.8% 
28/35 17.6 
35/48 13.6 
48/65 11.3 
65/100 7.8 
100/150 2.7 

-150 16.3 
Potal 100.0% 

Operational fficienoy of Seiaration: 49.$ 
Overall 1ffioienoy of Separation: 45.0% 

Discussion: fhe efficiency was larger because of a better 

recovery of fines and of a higher grade in the concentrate. 

However, the arnoimt of ss1l-size particles left in the 

tailings was still areoiable. The improvement in 

efficiency of searation 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" 

exoeriment. 



Run No. 21 

Conditions: 

Feed Charge, in grams 
Size of Feed 
PUÎT) Thioiuiess, solids, wt. 
Conditioning 
Fi o t at i on 

Flotation Time, minutes 
Sodium SIlicate, lbs/ton 
Sodium Hydroxide, lbs/ton 
Orinite, lbs/ton 
Yaror F Pine Oil, lbs/ton 
pli of the 'ulp 

1000 
-20 

60 
25 
10 
0.65 
0.6 
6.6 
0.13 
8.5 

The supernatant suspension of unfloated small artic1ea 

in the tailings was separated from the coarser by deoantation. 

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

Results: 

pH of Concentrate 7.4 

Grado Weight (dry, 
by weight gra. 

2205 BP.L. 

Concentrate (No. 1) 136 22.5 49.2 

Tailings deorived of 
fines (No. 1) 640 2.3 5.0 



?roximate composition: 

Insoluble in A.i. 
Tricalcium Phosphate 
Calcium Carbonato 
Undetermined 

o t a]. s 

Si%ing analysis: 

28 mesh 
28/5 
35/48 
48/65 
65/100 
100/150 
-150 mesh 

Total 

Oonoentrat* 

6.0% 
492 
None 
45.8 

100. 

Operational ffioIenoy of Senaration: 

Overall 3ffioienoy of 3eparatton: 

Discns$ion: See Run 1o. 22. 

(*) Deprived of the finer art1oles. 

89 

Tailirgs( *) 

42.0% 
5.0 

45.5 
7.4 

-i:ö70 

Tailings( *) 

31.4% 
21 7 
18.2 
13.6 
9.3 
3.1 
2.7 

100.0% 

37.6% 

34.5% 



Run No. 22 

'Ihe feed charge was the unfloated phosphatic fraotion 

from Run No. 21. it waa reconditioned as o1lows: 

Feed Charge, dry solids, in grams 15.5 
Qrade of Feed, in % P205 17.5 
P'IlD Thiolmoss, solids, wt. % 

Conditioning 35 
Flotation 5 

Flotation Time, minutes 13 
Sodium 3ilicate, lbs/ton 0.65 
Sodi.um Hydroxide, lb/ton 0.6 
Orinite, lb/ton 6.6 
Yarrnor F Pine Oil, lb/ton 0.15 
pii of the Pulp 8.8 

Results: 

pH f Concentrate (}o. 2) 7.? 

oH of Tailings 9.1 

Concentrate (No. 2) 

Tailings (flo. 2) 

Proximate oomn osition: 

Weight (dry) 
by weight gra. 

1d205 B..L. 

71 20.8 

71 17.3 37.8 

Concentrate (No. 2j Tailings (No. 2 

Insoluble in A.R. 4.9% 15.9% 
Tricalolum PhosDhate 45.5 37.8 
Calcium Carbonate 0.3 None 
Undetermined 49.4 47.3 

100.0% 100.0% 
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Sizinp analysis: 

+28 mesh 
28/35 
35/48 
48/65 
65/100 
100/150 
-150 mesh 

To t al 

Tailings (No. 2) 

o.o% 
0.0 
0.0 
6.1 
6.9 
6.1 

80.9 
100.0% 

Operational Efficiency of Separation: 54.4, 

Combined Overall ff1oienoy of 3eparation 51.2% 

Conclusions: The second flotation recovered 54.4% of its 
phosphatic charge. Phis fir:ure does not oorr.r2are very 

favorably with the first flotation where the efficiency 

was 49.2%. s tc overall efficiency, a second flotation 

had the affect of a relative increase of 6.2Z. This 

second treatment loft unfloated tailings which had 80.9% 

in the -150 mesh, and assayed 17.3% P205 (37.8% B.P.L.). 

These results led to the conclusion that a second 

flotation i not oormoro1aUy 'rornising. The eperirents 
invoivinç flotation were terminated. 



Pneumatic Concentration 

The desirability of a product which would contain al]. 

of the potash and orgaiic matter orifinally present in the 

minerai, eugested the study f a dry process. A samle was 

submitted to Federal Classifier Systems, Inc., of Chicago, 

for classification. 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. 

Principle: In the deflector tyoe of classifiers, 

cleavage is achieved by opposing a centrifugal current of 

air against a tangentially nrojected stream of material. 

The machine operates under partial vacuum. Each partiale 

is influenced by two forces: A radial force toward a 

concentric discharge, and a centrifugal force of rotation 

outward. 

Procedure: Three tests desipiiated 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 

3iz of Feed. Unsoreened 

Grade of Feed in % p o 6.8 
Air Pressure (arbitray5reading) 20 

Valve Openings; dial 13-15-17 
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Results: The results have been arranged in Tables 

!o. 18, .To. 19, and No. 20. 

Table No. 18. Results of Preumatio Concentration 
Effioienöy 

of 
Mesh Weight Grade of separation 
Valve of fines Grade of Fines Coarse 

Rim Opening gre. % P205 % 8.7.1. % P205 

23 13 311 16.2 35.4 2.3 37.0 

24 15 638 17.1 374 2.4 80.2 

25 17 450 17.6 38.5 2.1 58.2 
- ' - t 

Table No. 19. Composition of Pneumatic Concentration Producta 

Run 23 Run 24 Rim 25 
Fines Coarse Fines Coarse Fines Coarse 

-4 .7 -t 

ft 

Insoluble 
In A.R. 7.1 29.5 6.1 

Tri cal olum 
Phosphate 35.4 5.0 37.4 

30.9 5.4 28.8 

5.2 38.5 4.6 

Calcium 
Carbonate 8.6 55.0 2.9 52.5 7.7 52.5 

Undetermined 48.9 10.5 53.6 11.4 48.4 14.]. 

Totals 100.0 100.0 100.0 100.0 1.00.0 100.0 
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Table No. 20 
Sizing Ana1ets of Pneumatic Concentration Products 

Rim 23 Run 24 Run 25 
Fines Coarse Fines Coarse Fines Coarse 

+65 mesh 5.7 80.4 4.9 68.0 6.2 91.1 
65/100 4.8 8.4 3.9 11.0 4.2 6.9 
-.100 112 21.0 2.0 
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 

Discussion: none of the fines assayed high enough to 

pass the sDeoifioatior requirements. However, upon looking 

at the size distribution, it was seen that all samples 

contained around 90% o -100 grains. It is suggested that a 

fractionatIon at 100-mesh would yield fines assaying more 

than 18% P205 (39.2% B.P.L.), because of the elimination of 

the larger, less valued particles. It should be noticed 

that the phosphoric content of the rejected coarse fractions 

was smon the lowe8t of all of the experimental tests. The 

high efficiency of separation obtained in Run No. 24 is 

indicative of possible, successful oommeroial application. 





Filtration 

Ae most of the recovery aethod investigated vero wet, 

a filtration test uon the oonoentrate was desirable. The 

knowledge of the oharaotoritio constants of the cake would 

provide the nece8sary data for the selection of a full scale 

filter. Filtration was thought to be the best method for 

the senaration of fines frori a liquid suspension. A 

ausr)ension of fines was filtered at constant pressure at 

three different preasure8. 

Theo: The thtegrated and simplified equation for 

filtration at constant pressure is expressed as:7 

i'(e-e)A."PY Vi!Tio)+pçPm 
a LA 

where 

p pressure differential across cloth and cake, 
lb s/in2 

e total time of filtering, min. 

er : timo of tilterin before the desired constant 
pressure is reached, min. 

A cloth area, in2 

y a total weight of filtrate collected, lb. 

Vr = Weipht of filtrate collected during er, lb. 



(j7 

r" = calce resistivity 

V volume of cake, in /1b. iitrute 

a COncentration of slurry, lb. ao1i/lOO lb. filtrate. 

s : cake resistivity exnonont 

= visoosity of filtrate, centipoises 

V0 weight of filtrate trappe1 in the filtrate line, 
lb. 

Ç' : cloth resistivity 

= cloth resistivity exonent 

giipment, Procedure and Results: Filtration was 

conducted in a Sperry filter-'rese of the plate-and-frame 

type, connected for either reverse or forward washing. 
iize 

was 11" x 11" with 6 frames arid 7 plates. The slurry was 

made Th) by suspending fines , approximately -100 mesh size, 

in water: concentrations of 7.2 and 11.1 lb. 
solid/lOO lb. 

of filtrate were used. The concentrate was free-filtering. 

Filtration tests were made at 5.2 psi: 10.2 psi: and 15.2 

psi. !rerimenta1 vaLues and results were reoordeci in Fige. 

1o. 22, 23, 24, and 25. 

The value found for s , cake resistivity eonent, was 

0.343. ashinR rates upon full oakes at different 

pressures are reproduced in Fig. iTo. 26, The filter cloth 

used wa a Twill weave, 21/3 ply warp, 21/3 ply filling, 

20.8 oz./yd2. The resistance was determined at two different 

pressures; thc aluos found for Ç'' and in were 8.77 and 0.79, 

respectively. They appear in Figs. No. 27 and 28. 
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Pig. 27 EXPERIENTAL RESULTS F)R FILTER CLOTH RESISTANCE 
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Fig. 28 EXPERIMENTAL RESULTS POR FILTER CLOTH RESISTANCE 
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Oonoluelons Recommendations 

the resulte rej,oied, it was conolud6d that this 

ore ouU be concentrated to produce a commercial phosphatio 

f*rti1izer. Overall Efficiencies of oparation ot 82%, 77%, 

aid ao% were attained by Hydraulic Classification, Wet 

Screening and Pnewnatio Concentration, respectively. The 

products that were obtained meet the specifications required 

both as to grade and size ootmosition Products assaying 22% 

P205 (48.1% B.P.L.) were preDared by Hydraulic Classification 

and et 3oreening; tioy contained 1 Nitrogen and no potash. 

As to the concentrate produced by Pneumatic Seraration, 

and based upon the results Íor 80-mesh, it could be sae1y 

said that a grade o± 19% '205 (4l.5 B.P.L.) would be reached 

should the cleavage be made at 100-mesh. The product 

contained 1.3% Nitrogen and 4.0% o Potassium Ohioride. 

Regardiri the availability o the phosrihatie content, it was 

sound that 92% o the phosphoric grade in all the products 

was soluble in ammonium citrate.2 

By oalcination of the concentrate produced by the wet 

prooeses, a fertilizer containing 365ì T'0 is obtainable. 

The combined processes of Hydraulic Classification and 

of Pneumatic Concentration is recommended. The first process, 

suD1emented with calcination, would produce a commodity with 

a higher grade, thus keeping the shipping and handling costs 

at a minimum. The pneumatic orocoss would produce a 

fertilizer which, besides the Thosthoric 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 nrornote efficiency of separation, 

the raw material should be free of unusually iaro rocks 

and deprived of the coarser grains, perhaps 6 mesh. 

double-dock, wet, vibrating screen, and a dry trommel would 

serve the urpose in Hydraulic Classification and in 

?neumatic Concentration, respectively. 

Operation of the two processes in a Tiiot-Plitsq*i 
is strongly r000mmened 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 equiment, as well as for optimum operating 

conditions. 

The result of this preliminary research, if carried to 

a logical conclusion by further work, should constitute a 

definite contribution to the possible utilization of a 

natural resource, at present unused. For the circumstances 

DPouIiar tO Chile, the eitenslon o the rooesses described 

ifl 'this thesis should contribute to the national welfare. 

Due to the fact that a specification roduct can be prepared, 

and due also to the fact that ecuimont requirements for the 

recommended îrooessea are not complicated, there are 

indications that an industry operating as suggested, should 

be feasible and. economic, 
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Itama tor Further Research 

It is suggested that further research be conducted 

along the Thflowing general lines: 

1. The exact physical and chemical nature ot the 

brown, phosphate-bearing complex and o' 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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