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This invention relates to a method for concentrating 
the titanium oxide minerals in sand deposits which are 
usually known as ‘beach sands. The invention also re 
lates to a method for making a bulk separation of the 
heavy minerals in beach sands from the quartz. .. 
Beach sands of the type with which the present inven 

tion is concerned may be found along the seashore, but 
are also found in large inland deposits in Florida and 
elsewhere. These sand beds or deposits are composed 
principally of quartz, while containing a small propor 
tion of valuable minerals, and in particular titanium ox 
ide mineral-s like ilmenite and rutile. Usually the con 
tent of quartz in these sands will be at least 90%, while 
the content of titanium oxide minerals ranges from 3% 
down to as little as .5 %, with .some sands falling outside 
of this range. ‘For example, a typical Florida beach 
sand deposit may contain 94 to 96% quartz and from 
1 to 2% of ilmenite and rutile. ‘Small amounts of other 
titanium oxide minerals, such as leucoxene, may also be 
present, as well as a few percent of other heavy min 
erals. The most valuable product at present is the 
titanium oxide minerals, although other heavy minerals 
are of value, especially zircon and monazite. 
At present titanium oxide minerals and other heavy 

minerals are being recovered from Florida beach sand 
deposits by a complicated and expensive procedure. The 
?rst step in the present process is to pass the beach sands 
through a series of spiral concentrators to make a rough 
separation of the titanium oxide and other heavy min 
erals from .the quartz. Following the rough separation, 
there are cleaner and recleaner spiral circuits to upgrade 
the rough concentrate, and a large amount of the mid 
dling material is recycled through these circuits to in 
crease recovery. The equipment for carrying out these 
steps is bulky and expensive, and there is a serious prob 
lem of wear because of the abrasion of the concentrators 
by the sand. The titanium minerals in the heavy mineral 
concentrate are then further separated and concentrated 
by electrostatic and magnetic separators. 
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‘For the reasons indicated above, there has Ibeen a ‘ 
manifest need for a simpler process of separating titanium 
oxide minerals from the quartz in beach sand. E?’orts 
have been made to develop a ?otation process which 
would produce this result, but heretofore such efforts 
have not met with success. This is somewhat surpris 
ing in view of the fact that the subdivided condition 
of beach sands is such as to make them a natural ?ota 
tion feed. The mineral particles are completely liberated, 
and while the beach sands are composed of very ?ne 
particles, 90% of the particles are usually above 150 
mesh. The problem, however, has been to provide a 
?otation method which would result in a sufn‘ciently clean 
separation of the valuable mineral components in the 
beach sands from the quartz. 

:It is therefore a general object of this invention to 
provide an improved method for concentrating the 
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titanium oxide minerals in beach sands, and speci?cally, 
to provide a ?otation method for accomplishing this re 
sult. More speci?cally, it is an object to provide a ?ota 
tion method by means of which the titanium minerals 
in beach sands can be separated from the quartz. It is 
also an object of this invention to provide .a means for 
carrying out a bulk separation of the heavy minerals‘in 
beach sand from the quartz therein. Further objects and 
advantages will appear as the speci?cation proceeds. 

This invention is based in part on the discovery that 
beach sands of the‘ type found ‘in inland deposits ‘in 
Florida have ?lms of organic material on the particles 
therein which interfere with the separation of the valu 
able minerals from the quartz by ?otation. These organic 
?lms can be observed when the beach sand particles are 
examined under a microscope. The beach sands may 
also contain some separate organic matter, but this is 
quite distinct from the ?lms, since the separate organic 
material can be removed from the beach sands by ordi 
nary desliming procedures. 

In practicing the present invention, the beach sand 
_is ?rst treated to remove the organic ?lms from the 
sand particles. Preferably, this is accomplished by scrub 
bing the beach sand-s with a caustic like sodium hydrox 
ide or potassium hydroxide. Speci?cally, an aqueous 
pulp or slurry of the beach sand can. be formed contain 
ing solids concentration of from ‘30 to 80%‘, and from 
1/3 to 5 pounds of caustic added per ton of beach sand 
solids. This slurry or pulp is then mixed until the 
organic ?lms have been removed from the particles, 
as can readily be determined by examining the particles 
under a microscope. Higher solids concentration up 
to at least 60 to 70% solids are preferred for caustic 
reagent economy, and if desired the treating step can 
be carried out in an attrition scrubber. ‘ p 

The removed organic material is then preferably sepa 
rated from the beach sand before continuing with the 
recovery operation. This can be done by the usual de 
sliming procedures. For example, the caustic-treated pulp 
or slurry can be charged to a hydro-classi?er or any 
type of apparatus designed for turbulent washing of 
mineral particles. This .desliming operation will also re 
move any larger organic par-ticles which may have been 
present in the beach sand, in the event that the beach 
sand has not been subjected to a preliminary desliming 
operation before the caustic treatment. 1If desired the 
caustic scrubbing and desliming steps can be repeated. 

‘Instead of sodium or- potassium hydroxide, other in 
organic alkaline reagents can ‘be used which are capable 
of producing a pH above 8. Preferably, a pH from 
9 to 14 is employed, although the pH is not particu 
larly critical. The important point is to have a sui?cient 
amount of the alkaline reagent present to completely 
liberate the organic ?lms on the surfaces of the particles. 
Speci?cally, other alkali metal hydroxides can be used, 
as well as alkali metal carbonates and bicarbonates. The 
alkaline earth metal hydroxides, carbonates and bi 
carbonates can also be used with more or less success, 
and the mineral acids like sulfuric acid are of .some value. 
The caustic-treated, deslimed beach sand is then formed 

into a ?otation feed. Preferably, an aqueous slurryiis 
formed containing from 15 to 30% beach sand solids, 
although this concentration can be varied. To the ?ota 
tion feed is added an amine collector and a ?uorine 
containing acid, and the pH of the aqueous feed is ad: 
justed to an acidic pH below 5.0. Sodium ?uoride and 
sulfuric acid may also be added. Any beach sands which 
are substantially free of the organic ?lms discussed above, 
can be formed directly into a ?otation feed in this man 
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ner and’ if desired beach sand concentrates can. be used. 
For example, the beach sands could ?rst be processed by 
a gravity method to upgrade the titanium minerals to 
10% or more. 
Any amine collector can be employed, and the speci?c 

amine collector is not critical. Preferably, however, the 
amine ?otation agent is a primary amine containing a 
hydrophobic group of from 6 to 22 carbon atoms. Mixed 
amines like primary tallow and soya amines are suitable. 
Best results are achieved when the amine ?otation agent 
is used- in the‘ form of a water-soluble salt thereof, such 
as an amine acetate, hydrochloride or phosphate salt. 
Both mono-amines and poly-amines can be used. 
The ?uorine-containing acid is preferably hydro?uoric 
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pass out in the over?ow, although. these are of lesser 
importance than the titanium oxide minerals. However, 
it is signi?cant that the method of this invention permits 
a clean separation to be made between all of the metal 
oxide and silicate minerals on the one hand and the 
quartz on the other. 

This invention is further described in the following 
speci?c examples: 

EXAMPLE I 

Prcparailon.—-Scrub 500 grams of beach sand (as re 
ceived) at 30% solids in hard water (Chicago tap wa 
ter-—pI-I—7.9), with 4#/T NaOH. Deslime pulp twice 
and wash twice. One minute settling time allowed before 
each deslime or wash step. A Fagergren 500 gram cell 

acid, although other ?uorine-containing acids can be sub- 15 was used for scrubbing and ?otation. Temperature-~~ 
stituted, as well as mixtures of hydro?uoric acid and 30° C. 

Reagents and conditions 

Conditions Reagents #IT 

Point of Addition . 
Time (Min.) Percent pH NaOH HF Armac MAAPO 
Cond. Float Solids 48% TD 

Scrub ___________ .- 5 ...... _. 30 ________________________ _. 

After Deslime _ _ . . . . . . . _ _ _ . . . . . . . . _ . _ _ . . . . . _ . _ _ _ _ . . . . _ . . . _ _ . . . _ _ _ _ . ._ 

R1 _______________ __ 1 2 20 2. 0s 0. 35 0. 1 

MAAPO~Frother composed of 50-50 mixture of methyl amyl alcohol and pine oil. 
Armac TD—Distilled primary amine acetate derived from tallow fatty acids. 

other ?uorine-containing acids. The hydro?uoric acid or 
other ?uorine-containing acid acts as a depressant for the 

Metallurgical results 

quartz‘ Wt Wt Faisal’- D'st ' 
The pH of the ?otation slurry is critical, and should _ Product (mugs Pméht pergent bultiglll, 

not exceed pH 5.0. Best results are achieved at pl-I’s 3° lggaglrl Percent 
ranging from 3.0 to 4.0. Part of the necessary hydro- 0 
gen ion concentration to achieve the desired pH can be 

. . . . . . . R1 ....................... .. 20.2 4. 22 97.4 06.9 

supplied by the ?uorine-containing acid, but it will usually T ________________________ __ 453_ 95 95_ 78 (L14 31 
be preferred to use an additional acid, such as sulfuric - . ’ 

. . . . . . . Com osite _______________ __ 479.15 100.00 4. 23 100.0 

or hydrochloric acid to maintain the ?otation circuit at an 40 p 
acidic pH below 5.0. 
The production of a persistent froth of good selectivity 

and control is very important for a successful ?otation 
operation. Therefore, it will be understood that a frother, 
such as pine oil or cresylic acid, will usually be incor 
porated in the ?otation feed to produce the correct type 
of froth. Amine collectors impart some frothing in them 
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1 Speci?c gravity analysis made in tetrabrornoethaue-sp. gr. 2.95. 

' EXAMPLE II 

Preparation.--Scrub 500 grams of beach sand (as re 
ceived) at 30% solids in hard water (Chicago tap wa 
ter—pH-7.9), with 4#/T NaOH. Deslime pulp twice 
and Wash twice. One minute settling time allowed before 
each deslirne or Wash step. A Fagergren 500 gram cell 

selves and may in some cases be used alone. Good re- was used for scrubbing and ?otation. T cmperature 
'sults can be obtained with a 50-50 mixture of pine oil 50 30° C. 

Reagents and conditions 

Conditions Reagents #/T 

Point of Addition 
Time (Min.) Percent pH NaOH HF H1304 Armac MAAPO 
00nd. Float Solids 48% TD 

Scrub ___________________ ._ 5 ...... __ 30 ________ ._ 4. 0 __________________________________ ._ 

After Desllme ___________________________________ -- 3 7.18 ....................... .._ _________________ __ 

R1 ______________________ __ 1 2 20 { 3&1.‘ } ..... _. 0. 312 1.0 0. a5 0.1 

MAAP O-Frother composed of 50-50 mixture of methyl amyl alcohol and pine oil. 
Armac TD-Distilled primary amine acetate derived from tallow fatty acids. 

and isopropanol. The ?otation operation itself can be Metallurgical results 
carried out in the usual type of ?otation cells provided 
with means for supplying air to the lower portion of the Assay, 

‘u Wt. Wt. Percent- Distri cells. When the beach sand hasbeen treated and condi Product Granis . remit Percent bu?ony 
tioned as described and the ?otation feed is at a pH below Heavy Percent 
5.0, the titanium oxide minerals in the beach sand can 70 Mmerals‘ 
be readily ?oated away from the quartz. In other words, R 18 25 3 81 9_ 7 92 3 
the titanium oxide minerals will be recovered in the over- Til:IIIIIIIIIIIIIIII 460:5 96:19 6:32 7:7 
flow from the cells, ‘while the quartz Wlll be depressed compositm___L____;__;‘_'_ 47815 10“ 4.03 100.0 
and will pass out 1n the under?ow from the cells. The . 
other mineral constituents of the beach sand will also 75 ' 1 Speci?c gravity analysis made in tetrabromoethane, sp. gr. 2.95. 
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EXAMPLE III Metallurgical results 

Preparation-Scrub 500 grams of beach sand (as re- . Wt., Wt., Pi‘rscseaiiil Distri 
ceived-untreated) at 30% solids in soft water (pH 6.3- Product Grams Percent £3233 
local water obtained at site) with 4#/ T NaOH. Deslime 5 Mineral’ 

twice and Wash once. One minute settling time required 222 ‘ 4‘ 6 88.75 96. 5 
before dcsliming or dewatering. A Fager-gren SOO-gram 461-“ 95-4 ‘116 3~5 
cell was used for scrubbing and ?otation. Temperature 483-2 1000 4-23 100-0 

30° c- 1 Specific gravity analysis made in tetrabromoe hane-sp. gr. 2.95. 

Reagents and conditions 

Conditions Reagents #IT 

Point of Addition 
Time (Min.) Percent pH NoOH HF HQSO‘ Armac MAAPO 
Cond. Float Solids 48% TD 

MAAPO~Frother composed of 50-50 mixture methyl amyl alcohol and pine oil. 
Armac TD—Distil1ed primary amine acetate derived from tallow fatty acids. _ 

Metallurgical results 

Assay, 
Wt., Wt., Percent—- Distri 

Product Grams Percent Percent bution, 
Heavy Percent 

Mineral1 

R1 _______________________ _. 22. 95 4. 75 S6. 8 93. 9 
'1‘ ________________________ _. 462. 00 95. 25 0. 28 6. 1 

Composite _______________ ._ 484. 95 100.0 4. 39 100.0 

1 Speci?c gravity analysis made in tetrabromocthane-sp. gr. 2.95. 

25 ‘ EXAMPLE v 

Preparation.——Scrub 500 grams of beach sand (as re 
ceived) for two minutes at 30% solids in demineralized 
water (pH 6.7). Deslime pulp once and wash once. 
Scrub 5 minutes with 1hit/T NaOH. Deslime pulp once 
and wash once. One minute settling time allowed for 
each deslime and wash step. A Fagergren SOD-gram cell 
was used for scrubbing and ?otation. Temperature 30° C. 
Reagents and conditions 

Conditions Reagents 

Point of Addition 
'l‘lme (Mln.) Percent pH NaOH HF IIZSOQ Annac MAAPO 
00nd Float Solids 48% TD 

Scrub ................... .; 2 30 
Scrub. -_... 

After Desl1mc.___ . 

R1 ______________________ __ 

Rn ______________________ ._ 

MAAP O-Frother composed of 50-50 mixture of methyl amyl alcohol and pine oil. 
Armac ‘TD-Distilled primary amine acetate derived from tallow fatty acids. 

EXAMPLE IV 

Preparati0n.-—Scrl1b 500 grams of beach sand (as re 

ceived) for two minutes at 30% solids in demineralized 

water (pH-—6.7). 

Scrub for 5 minutes at 30% solids in deinineralized water 

with 1#/T NaOH. Deslimc pulp once and wash once. 

One minute settling time was allowed for each deslime 
and washing step. A Fagergren SOD-gram cell was used 

for scrubbing and ?otation. Temperature 30° C. 

Reagents and conditions 

Deslime pulp once and wash once. 55 

Metallurgical results 

Assay, 
Wt., Wt., Percent— Distri 

Product Grams Percent Percent bution, 
Heavy Percent 

Minerall 

20. 8 4. 31 03. 32 04. 6 
1.7 0.35 - 26.48 2.1 

460.0» 95. 34 0.15 3.3 

60 Composite _________ _; ____ _. 482.5 100.0 4. 25 100.0 

1 Speci?c gravity analysis made in tetrabromoethane——sp. gr. 2.95. 

Conditions Reagents #I'I‘ 

Point of Addition 
Time (Min) Percent pH NnOH HF H2504 Armac MAAPO 
Cond. Float Solids 48% TD 

MAAPO--Frother composed of 50-50 mixture methyl amyl alcohol and ‘pine-oil. 
, Armae TD-Distilled primary amine. acetate derived from tallow fatty acids. 
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EXAMPLE w M etallzifgical results 

Preparation-‘Beach sands (as received) scrubbed in Assay, 
- ' ' ’ ' - - Wtx, _ Wt.v Percent- Distri attritron scrubber at 76% solids for 3 minutes. Pulp Product Grams Perceht Percent bution, 

deslimed once and washed once. Scrub pulp at 30% 5 hlfigaa‘g’ls Percent 
solids in soft Water for 2 minutes with %#/T NaOH. 1 

Deslime pulp once and wash once. One minute settling R1" 72 14.37 92.12 85.20 
. . R1 32 6.39 31.38 12. 93 
time allowed for each deshrne and wash step. A Fager- '11 397 79.24 0. as 1.87 

gren SOO-gram ?otation cell was used for 2nd scrub and W Composite _________ _____ _, 501 100.0 _____________ “Edd 

?otation. Temperature 30° C. 
Reagents and conditions 

Conditions Reagents 

Point of Addition 
Time (Min.) Percent pI-I NaOH HF HQSO‘ Armac MAAPO 
Cond. Float Solids 48% T 

Attrition Scrub. . _ .. 

Scrub . _ . _ _ . . . _ _ . . _ . _ . . ._ 

After Deslirne ____ _. 5. _ 

In ...................... .. 1 2 20 { 5531i 

MAAPO—-Frother composed of 50-50 mixture of methyl amyl alcohol and pine oil. 
Armac T—Technical primary amine acetate derived from tallow fatty acids. 

Metallurgical results 

Assay, 
Wt., Wt, Percent‘ Distri~ 

Product Grams Percent Percent bution, 
Heavy Percent 

Mineral ! 

R1 _______________________ __ 21. 0 4. 30 94. 0 96. 4 
T ________________________ __ 459. 0 95. 7o 0.16 3.6 

Composite _______________ . _ 480. 0 100. 0 4. 20 100. (l 

l Specific gravity analysis made in tctrabrdrnoethane-sp. gr. 2.95. 

The method of this invention can also be advanta 
geously used for the concentration of heavy minerals such 
as titanium oxide minerals from beach sand concentrates, 
as illustrated by the following example: 

EXAMPLE VII 

Preparati0n.-—Serub 500 grams of beach sand con~ 
ccn‘trate 1 (15% heavy mineral content and as received), 
at 30% solids in hard water (Chicago tap water) with 
iii/T HzSO-i. Que-halt". minute settling time allowed be 
fore single deslime and one wash step. A Fagergren 
SOD-gram cell was used for scrubbing and ?otation. Dis 
tilled water added to deslimed pulp for ?otation. Ternv 
pcrature 25° C. 

Reagents and conditions 

Conditions Rea gents #/T 

Addition 
HF 
48% 

Percent 
Solids 

Time 
00nd. 

(Min.) Arman M A A T’ 0 
Float 'l‘ 

A l'ter (lcslimc. 
R 

MAAPO-Frother composed of 50~50 mixture ol‘ methyl ainyl alcohol 
and pine oil. A ’ 
Armac T-Prirnary amine acetate derived from tallcw kitty acids. 

1 Composition of 15% EM Sand: 
Z. 

1-1 yr 

100; 0 

70 

Speci?c gravity analysis only for an additional test. ‘Re 
agents and conditions similar to Example I. 

Assay, 
_ Wt. , W t., Percent—~ Distri 
Product Grams Percent Percent bution, 

Heavy Percent 
Minerals 

51 10. 3 9e. 41 93. 2 
2 0.4 59.87 2.2 

442 89.3 0.57 4.6 

Composite _______________ .. 495 100. 0 ___________ ._ 100. 0 

‘While in the foregoing speci?cation this invention has 
been described in relation to a speci?c embodiment there 
of and many details have been set forth for this embodi 
ment, it will be apparent to those skilled in the art that 
the invention is susceptible to other embodiments and 
that many of the details set forth herein can be varied 
widely without departing from the basic concepts of 
the invention. 

I claim: 
1. The method of concentrating titanium oxide miner 

als from beach sand having ?lms of organic minerals on 
the particles therein and being composed principally of 
quartz particles while containing titanium oxide mineral 
particles, comprising removing the organic ?lms from 
the particles of said sand, and then ?oating the titanium 
oxide mineral particles away from the quartz particles 
of. said sand in water containing an amine collector and 
a ?uorine-containing acid and being at a pH below 5.0. 

2. The method of concentrating titanium oxide miner 
als from beach sand having ?lms of organic minerals on 
the particles therein and being composed principally of 
quartz particles while containing titanium oxide miner 
al particles, comprising treating said beach sand with an 
inorganic alkaline reagent to remove the organic ?lms 
from the particles of said sand, and ‘then ?oating the 
titanium oxide mineral particles away from the quartz 
particles of said sand in water containing an amine col 
lector and a ?uorine-containing acid and being at a pH 
below 5.0. 

3. The method of claim 2 in which said alkaline re 
agent is an alkali metal hydroxide. 

4. The method of concentrating titanium oxide min 
erals from beach sand having ?lms of organic minerals 
on the particles therein and being composed principally 
of quartz particles while containing titanium oxide min 
eral particles,icomprising scrubbing said beach sand with 
caustic to remove the organic ?lms from the particles 
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of said sand, separating the removed organic material 
from said sand, forming an aqueous ?otation pulp of 
said sand containing an amine collector and a ?uorine 
containing acid, and separating the titanium oxide min 
eral particles from the quartz particles by subjecting said 
?otation pulp to froth ?otation at a pH below 5.0. 

5. The method of concentrating titanium oxide min 
erals from beach sand having ?lms of organic materials 
on the particles therein and being composed of at least 
90% quartz particles while containing a substantial 
amount of ilmenite and rutile particles, comprising re 
moving the organic ?lms from the particles of said sand, , 
and then ?oating the ilmenite and rutile particles away 
from the quartz particles of said sand in Water contain 
ing an amine collector and a ?uorine-containing acid 
‘and being at a pH below 5.0. 

6. The method of concentrating metal oxide and 
silicate minerals from beach sand having ?lms of organic 
material on the particles therein, said beach sand con 
taining at least 90% quartz particles and less than 10% 
metal oxide and silicate mineral particles, comprising 
scrubbing said sand with caustic to remove the organic 
?lms from the particles thereof, separating the removed 
organic material from the sand, forming an aqueous 
?otation pulp of the sand containing an amine collector 
and a ?uorine-containing acid depressant, subjecting said 
pulp to froth ?otation at a pH below 5.0, and removing 
substantially all of said metal oxide and silicate minerals 
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in the over?ow while removing substantially all of the 
quartz in the under?ow. 

7. In a method of concentrating heavy minerals from 
beach sands composed principally of quartz particles 
while containing heavy mineral particles, the step of ?oat~ 
ing the heavy mineral particles away from the quartz 
particles of said sand in water containing an amine col 
lector and a ?uorine-containing acid and being at a pH 
below 5.0. 

8. In a method of concentrating heavy minerals from 
beach sand concentrates containing quartz particles and 
heavy mineral particles, the step of ?oating the heavy 
mineral particles away from the quartz particles of said 
sand concentrate in water containing an amine collector 
and a ?uorine-containing acid and being at a pH be 
low 5.0. 
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