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INTRODUCTION
It is usually
finely divided natural phosphates in terms of the percentages of
meterial passing through or retained by sieves of various mesh size.
This method of mechanical analysis has a serious disadvantage in
that i} does nol.-give any information on the size distribution of the
material passing through the sieve of smallest mesh used in the test.
The sieves now available for practical use are limited to 2 fineness
not exceeding 325 mesh, corresponding to a mesh opening of about
©.044 millimeter, or 44
In experiments mtﬁ- finely divided natural phosphates, accurate
information on their mechanieal composition is often of primary
importance, particularly as regards the distribution of particle size
in the material passing, for example, 2 300-mesh or 325-mesh sieve.
‘When commercial phosphate rock is ground by a uniform procedure
so that a -certain percentage will pass through a sieve O‘F & given
mesh, the size distribution of the material passing through the sieve

the custom to express the mechanical compositinm: of

3 The anthera exprese thelr oppreciztien te W. H. Fry for esststance in the microscopleal
-expmination. of the mechonical saparntes, to H, E. Middleton for nssistanee in the er]-
mental determination of the: sett].lrltlg. velocities of Ml_ bate particles, and to Hubert
mg‘l‘l Mrmk—"Domtha. ‘M. Darnel], of the soil p Iiboratory; for aseistapee in: the
; . war
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will vary considersbly with the grade and type of rock.and also
when the rock is of the same grade sud type with different grind-
ing methods. The various types of hard phosphate rock frequently
oceur in deposits which also contain considerable naturally very
finely divided phosphate which has physical properties stmlar to
those of the soil clays and usually contains considerable colloidal
phosphate (4).? Sieve tests on this type of phosphate are of no
significance, inasmuch as frequently less than 5 per cent by weight
of the material is retained on a 300-mesh sieve and as much as 90
per cent is composed of particles 5u and less in diameter.

METHODS OF MECHANICAL ANALYSIS

It is evident that it is desirable 1o have a method of analysis wiich
will give reliable information on the distribution of particle size
in the subsieve fractions of finely divided natural phosphates. A
search of the literature revealed a total lack of information in regard
to acceurate wethods for the mechanical analysis of these materials.
Considerable work has been done, however, on methods of determin-
ing the distribution of particle size in the subsieve fractions of a
wide variety of other materials. These methods may be grouped into
two general classes, namely, those in which the separations are made
in a gaseous medium, usually by air currents, and those in which
the separations are made in a liquid medium, usually water.

Ajir-separation methods have not been generally used except on
materials that react with or are appreciably soluble in water. So
many difficulties in the matter of the quantitative separation and
recovery of the fine fractions arise in these methods that they can
not be considered desirable for accurate work. Finely ground phos-
phatic materials tend to form small, rather closely cohering aggre-
gates which are not readily broken up into the individual particles

y agitation with air. It is also obvious that air-separation methods
fail entirely with ground materials that have been allowed to become
wet, and -afso with materials, such as the cleylike phosphates, which
in their natural state are composed of comparatively soft aggregates
of very fine individual¥particles.

Methods in which the separstions are made in a liquid medivum,
usually water, have been used for many years in the mechanical
analysis of soils and similar materials. These methods, of which
there are several types, are all based on the well-known fact that
the smaller particles in liquid suspension fall more slowly than the
larger opes. Olmstead, Alexander, and Middleton {(9) have recently
pointed out the difficulties encountered in some of the water-suspen-
sion methods and have outlined a pipette method for the mechanical
analysis of soils, based on an improved dispersion procedure, using
0.005 N ‘sodium oxalate as the dispersing agent. In the pipette
method of mechanical soil analysis, a 10-gram sample is treated with
hydrogen peroxide to remove organic matter, washed to remove
soluble substances, and shaken in a sodium oxalate solution fo break
down soil a %regates and maintain their dispersion.

The particles of silt and clay, after separation from the sands,
are suspended in 1 liter bf dilute sodium oxalate solution, Affer a

g T —
2 Ttale numbers in purcntheses refer to Literature Clied, p. 23.



http:peroxj.de

| ANATYSIS OF FINELY DIVIDED NATURAL PHOSPHATES 3

definite time a portion of the suspension ‘is pipetted off at a certain
depth, evaporated to dryness, and weighed. This sample contains an
exact aliquot of the material in the sample below a certain size.
Stokes’s equation of the fall of solid spheres in a viscous medium
gives a relation between the settling velocity of particles, the density
ané viscosity of the fluid medium, the density of the solid particle,
and' a shape factor.

In order to apply this pipette method of mechanical analysis to
the natural phosphates it becomes necessary (1} to determine the
dispersion produced by cheihical deflocenlents, (2) to determine the
density of the material and the shape factor as required in Stokes’s
formnla, and (8) to consider the effect of the density and viscosity
of the fluid medium as influenced by temperature changes, In the
pipetie method actual separations of fine material of silt and clay
sizes are not made. Separations of large samples of natural phos-
phates were, therefore, very carefully made in order to provide a
basis of comparison of the determinations by the pipette method.
These determinations and 2n outline of the method of mechanical
analysis based thereon were the subject of this investigation,

TYPES OF NATURAL PHOSPHATES USED IN THE INVESTIGATION

It is important that any method for the mechanical analysis of
finely divided natural phosphates shall be applicable to all types of
these materials, particularly those of economic importance. Con-
sequently, the present investigation was extended to include all the
commercial types of natural phosphate produced in the United States
at the present time. :

In the order of their present commercial importance, the domestie
types of natural phosphates are as follows: Florida land pebble (7,
%S); Teanessee brown rock-(15) ; Florida hard rock (7, 15} ; Tennes-
see biue rock (15); the phosphates of Idaho, Montana, Utah, and
Wyoming (6, 15) ; the soft and “ waste-pond ” hosphates of Florida
{4, 7} ; and South Carolina phosphate (14, 75). The general char-
acteristics of the phosphates and the nature and extent of the de-
posits are discussed in the publications cited.

The South Carolina deposits were formerly an important source
of phosphate rock in the United States. Exploitation of these de-
posits ceased, however, several years ago, owing to the low grade of
the rock and the cost of mining in competition with Florida land-
pebble phosphate. This type of phosphate was not inclnded in the
Present investigation because large samples representative of the
commercial product were not available.

As the name implies, Florida soft phosphate is a soft, claylike
material. Tt is commonly closely associated with both the Florida
land-pebble and hard-rock phosphates, but it cccurs to s orenter
extent in the hard-rock then in the land-pebble deposits. Individual
deposits of variable size are in hoth districts. During the process
of preparing Florida hard-rock phosphate for the market, the soft
phosphate present in the matrix is washed into waste ponds, where
it settles out with the clay and other impurities, the finer pasticles
concentrating at points farthest from the entrance to the ponds. " The
abandoned waste ponds in the Florida hard-rock phosphate district
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" gontain 2 considersble tonnage .of this material, which is used to
' some extent as g fertilizer. The waste ponds in the Florida Iand-
_ pebble district contain a much smaller percentage of finely divided
" phosphates than those in the hard-rock district. For the purpose

of this bulletin, the fine phosphatic material settling out in the
TFloride hard-rock: phosphate waste ponds will be referred to as
waste-pond phosphate. This material aud the soft phosphate from
 which 1t is derived dre usually composed of very fine particles, 2 large
upercentage of which are colloidal in size (4).

‘Samples representing shipments of commercial grades of Florida
Jand-pebble, hard-rock, and waste-pond phosphates; Tennessee
brown-rock and blue-rock phosphates; and Idaho and Wyoming
phosphates were used in this investigation. The Florida soft phos-
phate (No. 728) was not & cormercial material, the sample being
obtained directly from an individual deposit.

The Florida soft and waste-pond phosphates were obtained in
the form of comparatively soft lumps, which, for use in the experi-
ments, were crushed to pass a 10-mesh sieve. Grinding during the
crushing operation was avoided as much as possible, in order net
to break up hard particles that might otherwise fail to disintegrate
under the action of water and dispersing agents alone.

The other types of phosphate were obtained in the form of hard
pebbles, lumps, or massive pieces, depending on the type of rock.
They were first crushed to about 10-mesh size and then ground to
pass & 100-mesh sieve having openings of 0.147 millimeter -square.
In the grinding, which was done as uniformly as possible in & ro-
tanz—dis power mill, the entire sample was run tixough the mill
and the 100-mesh material sieved out, the operation being repeated
until the sample was completely reduced to the desireg fineness.
The method of grinding was duplicated as closely as possible on all
the samples of hard phosphate, in order to determine whether the
distribution of particle size in the material finer than 50p varies
considerably with the type and grade of rock,

SEPARATIONS ON LARGE SAMPLES WITHOUT THE USE OF
DISPERSING AGENTS

As in other types of analytical procedures, accurate standards are
of primary importance in the development of methods of mechanical
analysis. Such standards are, however, usually very hard to pre-

sre, owing to the difficulty of accurately determining the distri-
Eution of particle size independently of mechanical-analysis methods
themselves., Because of the wide variations in the physical and
chemical characteristics of different types of finely divided materials
it is essential, also, that the standards should be prepared from the
same type of material as that upon which the method is to be used.
Most methods of mechanical analysis have been designed to give
reproducible and comparative values rather than absolute values, as
shown by the widely varying results often obfained on the same
samples by different methods.

Preliminary experiments® indicated that it might be possible to

2 Brior to the preilent invostigation, L. B. Olmstead of the sofl paysics laboratary ot this
pureanr had made severzl lerge-scale separutione of ftnely dlvided natural phoephates, using
smmobtum hydroxide g o dispersiog agent.
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- -séﬁarife finely divided natural phosphates quantitatively into the
- ‘desired groups of particle sizes by means of water sedimentation

* without the use of dispersing agents, the progress and accurscy of

the separation being determined by means of the microscope, The
results obtained by such a procedure would be indepeirdent of many
of the variable factors encountered in the indirect methods of deter-
mining particle sizes and would serve as standards in the develop-
ment of analytical methods,

For the purpose of the present investigation it was thought best to
-effect the separations into fractions having the seme range of par-
ticle size as customarily used in the mechanical anealysis of soils in
the United States; namely, (1) particles greater than 50u in diam-
ster; (2) particles from 50z to 5p; and (3) less than 5u. Following
the terminology used in-soil .anal‘ys.is, the material com rising vhese
classes will be designated as (1) “sand,” (2) “silt,” andp (3) “clay.”
It should be noted, however, that these terms are used in this bulletin
only for the sake of convenience, and in order to avoid any impliea-
tion that the chemical composition of the material is similar to that
of the soil they will always be inclosed in quotation marks. In soil
analysis, the sand fraction includes particles ranging from 2,000z to
50u m diameter and is customarily divided into five size tlasses by
means of sieves. In this bulletin all particles coarser than 50u in
diameter are designated as “sand,” no further separation -of this
fraction into size classes being made.

METHGD 9F LARGE-SCALE SEPARLTION

In order to obtain sufficient material for specifie-gravity determi-
nations and for future chemical and physical studies, separations
were attempted on 800-gram samples of each type of the natural
phosphates. The procedure used is deseribed in detail, as follows:

Eight hundred grams of the phosphate was weighed into a 2.5-liter
. bottle, & small sample also being weighed out for moisture determina.-
tion at 105° C. The bottle, to which 2 liters of distilled water was
added, was vigorously agitated for one hour in a mechanical shaker.
The larger particles were then allowed to settle and the upper
portion of tge suspension was decanted through a 300-mesh sieve ¢
into 2-liter cylinders, the process being repeateg until the suspension
in the bottle settled clear after standing for 10 minutes. The object
of this treatment was to separate discrete particles coarser than 300
mesh from the finer discrete particles and sggregates. During the
first stages of this separation sufficient time was allowed prior to
decantation to prevent the sieve from becoming clogged. After re-
moval of the greater portion of the fine material, the time of standing
was shortened o that some of the particles larger than 50u were
decanted and caught on the sieve. The material collected on the
sieve was washed back into the shaker bottle after esch decantation
so thai the sieve was always clean at the beginning of the pouring.
This routine was continuedy unti] a microscopical examination showed
that the material remsining in the shaker bottle contained no par-
ticles finer than 5z and only a comparativiely small quantity of

¢ The 300-mesh sleve used In fhis investipation was flited with Tyler phosphor bronze
twliled wire cloth, which pusses materin! finer than GO0 equivalent diameter,
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materig] finer than 50p. This material was then dried at 105°¢ C.

_and dry sieved on a 800-mesh screen until only a negligible quantity
of fine material was obtained by further sieving. The coarser frac-
tion was composed of particles having at least two dimensions larger
than 50y, and the particles passing the sieve represented a portion

of the material between 30x and 5x in diameter.,

With: several of the samples the suspended material decanted into
the 2-liter cylinders flocculated quite rapidly, giving comparatively
clear supernatant liquids. In such cases the liquid was filtered off
by means of Pasteur-Chamberland tubes (grade F) in order to re-
move the soluble salts causing floccuiation, and the residue was
thoroughly agitated with the suspension subsequently obtained by
shaking the material remaining in the shaker bottle with a fresh
portion of water. This operation was repeated until the material
in the cylinders remained in suspension for 8 to 10 hours. The filter
tubes were then removed and the adhering materizcl was washed back
into the cylinders. With some of the phosphates the very fine par-
ticles decanted into the cylinders remained in suspension for the
desired length of time from the beginning of the separation. In
such cases filtering and washing were unnecessary. The suspensions
obtained in this way were composed of particles smaller than 50p
in diameter.

After the separation at 50u was complete the following procedure.
was used to separate the material into particles 50p to 5u In diameter
and particles smaller than 5x in diameter, respectively. The sus-
pended material was thoroughly agitated by churning with a rod
equipped with a perforated brass plate having holes 1 millimeter in
diameter. The suspension was allowed to stand until a microscopic
examination of the material remaining in suspension showed that
all particles larger than 5x had settled to the bottom of the cylinder.
Eight hours was sufficient for this purpose. A siphon was then
lowered into the cylinder to a distance of at least 5 centimeters
above the top of the layer of settled material, the total height of the
column of liquid having been previously regulated so that siphonin
was done at a depth of about 20 to 25 centimeters. The process o
agitating with water and settling for eight hours was repeated
unti! the liguid siphoned off was comparatively free from suspended
material. The material remaining in the cylinder conteined, how-
ever, an appreciable percentage of particles smaller than 5 in
diameter.

In order to effect a final and practically complete separation of
the 5x material the time allowed for settling was progressively
shortened. At each change in the settling fime the material si-
phoned off was carefully examined under the microscope in order
to make sure that no particles larger than 5p were carried over.
This process was continued very carefully until the weight of parti-
cles smaller than 5y in diameter remaining in the cylinders was
insignificant in comparison with the total weight of material left
behind, as determined by microscopical examination. The material
remaining in the cylinders constituted the greater portion of the
“gilt ? fraction of the original sample. It was evaporated on 2
steam bath and dried in an oven at 105° €. The dry product was
then combined with the “silt ” material separated from the *sand”
fraction by dry sieving, as previously described.
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The material siphoned from the cylinders constituted the “clay”
Fraction. Tt was concentrated either by menns of Pasteur-Chamber-
- 1and filters or by evaporation on a steam bath, with final drying

" - in an oven at 108° C.

As a final check on the efficiency of the separation the three
fractions of dry material were carefully examined under the micro-
scope. In no case did the “silt” fraction contain more than an
nsignificant quantity of “clay® particles. Examination of the
“clay  fraction for “silt * particles was difficult because of the state
of aggregation of the partiges after drying. Owing to the possible
inclusion of “silt ” particles the values O%tained E)r “eclay * may
be somewhat too large, but it is believed that, because of the care
tzken in making the separations, the error on this account was ve
small. An exact separation at 5ucan not be hoped for (or expected
even 1f all the particles near 5u had the same hydraulic value. It
must be assumed that the small amount of “silt * carried over in the
“clay ? fraction is compensated by a corresponding quantity of
coarse “clay ™ left in the “silt ” fraction. The “sand ” and “silt
fractions were free of aggregates except those composed of particles
originally cemented together by material insoluble in water.

e time required to make a quantitative separation on 800 grams
of material by the method just described depends upon the ease with
whick dispersion of the very fine particles is obtained. With the
facilities and apparatus available in the average mechanicai-analysis
laboratory, it mﬁ usually require from 10 to 14 days to make a com-
plete separation of the more easily dispersed types of phosphate by
this method. Even with prolonged washing, some samples of phos-
phate will not remain suspended in pure water long enough to allow
separation into the mechanical fractions, and in such cases it is
necessary to use a dispersing agent. Lithium oxalate serves very
well for this purpose, since, so far as is known to the writers, ap-
preciable quantities of lithium do not ordinarily occur in the natural
‘phosphates, and consequently the use of this salt does not interfere
with the chemical analysis of the separates. In the case of samples
requiring a dispersing agent, a concentration of lithinum oxalate
equivalent to approximately 0.005 N was maintained in the cylinders
during the process of separating the “clay * from the “silt.” “Soluble
caleium salts prevent the deflocculation of finely divided materials,
and, in the present investigation, the samples failing to disperse in
pure water were known to contain appreciable quantities of calcium
suiphate and calcium carbonate as such. Many of the natural cal-
cium phosphates occurring in the United States contain calciam
sulphate and calcium carbonate, but it seemns that in most cases these
compourds are combined with the calcium phosphate, forming a
complex molecule which is very insoluble in water,

RESULTS OF LARGE-SCALE SEPARATIONS

The resuits obtained on 11 samples, representing eight types of
natural phosphates, are given in Table. 1. These samples and the
results obtained on them %y the large-scale separations were used as
standards in developing the method of mechanical analysis described
later.



http:compoU.J'.Js

TECHNICAL BULLETIN 212, U. 5. DEPT. OF AGRICULTURE

Tantm 1.—3Mechanical analysiz of 860-gram zamples of phosphates
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t A small portion of the “silt” and “dlay’ was aceidentally spillad in this separation.
? Thesn sempled wowld not deflocoylate in | ue water.  Lithinm oxalate was nsed a9 6 dispersing agent.

As previously mentioned, the samples of hard phosphate were
ground by a uniform procedure to pass a 100-mesh sieve. The results
show, however, a considerable variation in the distribution of particle
size with the different types of rock, particularly in the “sand * and
“clay” fractions. This is due not only to variations in the physical
nature of the phosphates themselves but also to the presence of
variable quantities of impurities, such es quartz and silicates, Some
of the points noted in connection with the separations are sum-
marized briefly in the following paragraphs.

The Florida land-pebble and hard-rock phosphates, except Fiorida
land pebble No. 910, dispersed easily and completely in pure water
after a few preliminary washings. Florida land pebble No. 910, and
also Tennessee brown-rock phosphate No. 908 required considerable
preliminary washing -before deflocculation was obtained. Each
sample required about 50 liters of wash water, after which a stable
suspension was readily obtained. The Florida soft and waste-pcand
phosphates swelled considerably upon addition of water. Stable
suspensions were easily obtained, but a comparatively large number
of pourings was required to complete the separations because of the
slow disintegration of the aggregates of very fine particles. The
“gand ” fraction of the waste-pond phosphate consisted almost
entirely of small roots and other forms of vegetable matter. A
stable suspension of the Idaho phosphate was easily obtained in
pure water, but small quantities of fine material continued vo go
into suspension with repeated washing and decantation, and a con-
siderable number of decantations was required to effect a complete
separation.

Even with prolonged washing it was not possible to obtain suffi-
ciently stable suspensions of the Tennessee brown rock No. 308 and
Wyoming phosphate to permit of making the separations in pure
water. These samples were dispersed with lithium oxalate. The
number of decantations required to complete a sepsration at 5p
ranged from about 20 for the samples easiest dispersed to 75 for the
hardest. Large-scale separations were attempted on Tennessee blue-
rock phosphate- (No. 980}, but satisfactory results were.not obteined
even when hthium oxalgte was used as a dispersing agent.
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SPECIFIC GRAVITY OF NATURAL PHOSPHATES

The pipette method of mechanical analysis depends on the relation
of settling velocity to particle size. This relation is usually ex-
'pressed by Stokes’s formula for the fall of a solid sphere in a viscous

uid,
= 2 (d—d")
=.._...,?~2___._g
9 7

where V is the settling velocity of a sphere of radius » and density 4
in a medium of density d’ and viscosity 7, under a gravitational
acceleration, g. From this formula it is evident that the velocity
with which a spherical solid particle of a given size falls ic 2 medium
of given density and viscosity is directly dependent on the difference.
in fthltizs densities of the particle and the fluid medium through which
it falls.

Dazna (1) states that the specific gravity of crystalline fluorapatite
ranges ‘from 3.17 to 8.23, and that of Svuth Carolina phosphate
ranges from 2.2 to 2.5. According to Schucht (72), the specific

ravity of Florida phosphate ranges from 22 to 3.2, and Penrose
iﬂ?& reports that phosphatic nodules occurring near Wilmington,

- C., have gravities ranging from 2.6 to 2.7. As reported by Mans-
field and Girty (6), the specific gravity of Idaho, Utah, and Wyo-
ming phosphates ranges from 2.86 to 2.93. Hagyes (3) gives 2.83 to
3.07 as the specific gravities of the matrix of Tennessee white-rock
phosphate, but data on the gravities of Tennessee brown-rock and
blue-rock phosphate do not seem to be available in the literature.
Schaller (11} gives the following values for the gravities of several
calcium phosphate minerals, which have compositions approximating
that of phosphate rock. These are dahllite 2.97 to 3.053, francelite
3.09 to 3.128, collophanite 2.10 to 2.82, and quercyite 2.83 to 2.87,

Because of the wide variations in the figures reported in the liter-
ature and the complete lack of data on certain types of the domestic
phosphates, specific gravity determinations were made on 22 samples
of phosphate from various deposits in the United States in order to
determine whether the variations were sufficient to preclude the use
of an average value for all the samples. The natural phosphates are
mixtures ofg calelnm phosphate with varying quantities of impurities,
such as quartz, silicates, iron, and aluminum compounds, and, as
pointed out by Jacob, Hill, and Holmes (4) the chemical composi-
tion of the fine material separated from the ground rock and also
from the claylike phosphates may be very different from that of
the original sample and the coarse material separated therefrom.
In mec%anical analysis by the pipette method 1t is important to
know whether the specific gravity of the original sample differs
materially from that of the particular size particle for which it is
desired to calculate the settling velocity. Consequently, specific
gravity determinations were also made on the “sand,” “silt,” and
“clay ” fractions obtained from several samples by the method
previously described,

The samples for the specific gravity determinations -were prepared
in the same manner as those used for the large-scale separations, as

B062°—30—2
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~described on page 4. The determinations were made in water at

25° C. by the pycnometer method with an aceuracy of = 0.02. The
results, given in Table 2, show that with these particular samples
the specific gravity of the original material varied from 2.89 to 3.15,
the average being 3.02. The gravities of the waste-pond phos hates,
which contained 194 to 25.3 per cent of phosphoric acid (%205},
varied from 2.89 to 298, with an average of 293, and those of the
other phosphates, which contained 36 per cent or more of phosphoric
acid, varied from 2.95 to 8.15, with an average of 3.06. In general
it seems that & particular type of phosphate 1s characterized by an
approximately constant specific gravity which is slightly different
from those of the other types. For the purpose of mechanical
analysis, the results do not indicate sufficiently wide variations in
the specific gravities to preclude the use of an average value of 3
for the domestic types ang grades of natural phosphates.

Tanre 2—Specific yravitics of watwral phosphates

Specifie

Type or source of phosplinte Localion of deposit gravity

Florkda Jand pebble....o. ... ..........| I'nknown
dg, I cmvmaees o cmamesmsacaaoo| Midherry
do . -

P10 59 50 5100 £ 1 1 19 10 10 1O 10 10 6 6919 89 60 00 £
ol chatie b b uioiosdoenicd]

The results %iven in Table 3 indicate that the specific gravities of

the mechanical fractions do not vary in any constant manner from
that of the original sample, and consequently there is no definite
relation between the gravity of the original sample and the gravity
of particles of any particular size present therein. The differences
are not, however, great enough to cause seriouz error when the
average specific gravity value, 3, of the original material is also used
as the average gravily of the different mechanical fractions. No
explanation Is offered for the discrepancies in some of the results
given in Table 3, but it should be noted that during the process of
separation the mechanical fractions were subjected to repeated wash-
ing with water, thereby removing the more readily soluble salts.
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TapLh 3.—8peoific pravities of © saﬁd,” “sfit. and “ecley ™ freciions of naiural
N phosplhatcs

Bpecifie grevitles

Trpa of phosphata
L1 smd,li & sut,ll
= 50p [ Hutofp

Florida land pebbls
da

I s |, SO
Florids hard rock.
Florids waste pond
Tennessed brown rack

L0 5 Co
HBBEER

1 Sufficient material oot availablo for the determinatfon.

DEVELOPMENT OF MECHANICAL-ANALYSIS METHOD

The method of large-scale separation just outlined is useful for
the preparation of mechanical-analysis standards and also for the
study of the composition and properties of the different fractions,
but when only the distribution of particle size in a sample is desired
a less difficult and more rapid method is needed. The pipette method
of mechanical soil analysis, as developed by Olmstead? Alexander,
and Middleton (5) is essentially the same in principle as the method
used in the large-seale separations, except that a dispersing agent
is used and an actual separation of the particles finer than 5y is not
made. The following pages are concerned with the application of

" the pipette method to the mechanical analysis of finely divided
natural phosphates.
DISPERSING AGENTS

It seems that an efficient dispersion of a freshty ground phosphate
rock should be easily obtained because of the absence of agpregates
of fine particles. As soon as the material is wet with wafer, how-
ever, aggregation does occur, apparently owing in many cases to the
presence of soluble calcium salts. Also, in the case of the natural
soft phosphates and waste-pond phosphates, the fine particles are
already in an aggregated state. ’Bhe results obtained 1n the large-
scale separations showed that complete dispersion of the aggregates
could be obtained in most cases by prolonged agitation and wash-
ing with pure water nlone. Such a procedure is, however, imprac-
tical from the standpoint of routine analysis and even fails entirely
in the cuse of some samples of phosphafe, which will not disperse
in pure water. Consequently, it is necessary to use a chemical dis-
persing agent.

Sodim carbonate, sodinm oxalate, and ammonia are probably the
most widely used dispersing agents in the mechanicalpanalysis of
soils. In order to determine the relative eflectiveness of these com-
pounds as agents for the dispersion of finely divided natural phos-
phates, analyses were made on three types of phosphate by the pi-
pette method as outlined by Olmstead, Alexander, and M:ddleton
(9), except that treatment of the samples with hydrogen peroxide
was omitted. The depth and time at which to pipette the samples
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were calculated from Stokes’s formula, using the. customary par-
. - ticlesshape factor {£), and taling 3 as the average density of the-

: phosphates. . '

| 'The data given in Table 4 show that, with one excepiion, slightly
- higher results are obtained with sodium oxalate, indicating
that this compound is 2 more efficient dispersing agent than sedium
carbonate, which in turn is decidedly better than ammeonium hydrox-
ide. These results are directly in line with those previousiy obtained
on-solls (9). Although the results obtained with sodium oxalate
und sodium carbonate agree closely, sodium oxalate is preferable as a
dispersing agent because the solubilify of the oxalates of calcium and
' magnesinm is much lower than that of the corresponding earbonates,
which. accounts, in part at leasf, for the somewhat higher results
obtained with the oxalate.

TABEE 4.—Yield of “clay™ obtained from natural phosphales with earious
dispersing agenits®

#Clay " ohtained from treatment with—

Sslf?g’l" ype of phosphaie Ammonia Sodinm carbonate !| Sodium oxalate?

5 2 S 2u Sp

’ Per cent | Per cend | Per cent | Per gent | Per ceni
727 | Florida waste pond. £80.6 74.4 890.9 80.2 9.3
906 | Tennesses browz rock | 173 L3 13.7 1.8 i)
810 | Florids land pebble, 27 7.2 1%e 8.4 41

! Results obiained by tho use of setiling velocities enloulated from Stokes's formuls vsing the porticle-
sh’ap%iaﬁbz)r {2} and an average donsity of 3 for the natural phosphates.
001 N,

#0005 N,
EFFECT OF TEMPERATURE

From 2 consideration of Stokes’s formuls, it is evident that the
settling velocity of fine particles is theoretically dependent on the
temperature of the suspension medium, in so far as this affects the
density and viscosity OE the medium. From the standpoint of con-
venience in laboratory operations, it is desirable to know whether
variations in femperature can be neglected without introducing
errors larger than those obtained with duplicate pipettings on the
same sample. In order to obtain information on this point, defer-
minations of the percentages of 5x “clay” in seven samples of
phosphate were made at 10°, 20°, and 30° C. The samples were
pipetted at a constant depth (10 centimeters} after setthng for a
constant period of time (73 minutes).

As calculated from Stokes’s formula, the time required for 5u
particles to fall 10 centimeters in water at 25° C. is 55 minutes,
using the customary particle-shape factor (§), and taking 3 as the
density of the phosphates. The results given in Table 4 show, how-
ever, that much higher values were obtained for “clay” when the
samples were pipetted after 55 minutes at a depth of 10 centimeters
than were obtained by the large-scale separations. (Table 1.}
After several ftrials, it was found that when the samples were
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pipetted after 73 minutes 2t a depth of 10 cantimeters, the temper-
.ature being approximately 25° C., the values obtained for 5 “ clay »
- approximated closely those obtained by the large-scale separations.
- ‘Consequently # falling time of 73 minutes was arbitrari v chosen
for the experiments at different temperatures. :

Jn carrying out these experiments weighed samples of the phos-
phates were dispersed in a definite volume of 0.005 N sodium. oxalate,
and the cylinders containing the suspensions were placed in a large
water thermostat, the temperature of which was controlled to
*0.02° C. 'When the temperature became constant, the suspensions
were stirred in place with a mechanical stirrer, and samples were
pipetted after allowing the suspensions to stand for the desired
Iength of time (73 minutes).

When a pipetie full of suspensicn is removed from a sedimentation
cylinder it should contain an exact alignot of all material smalier
than the largest particle present in the suspension at the depih of
the pipette tip. As many duplicates as desired may be withdrawn
from the cylinder. But once an aliquot of materis] has been with-
drawn no portion containing coarser material will be a true aliquot,
It will contain an excess of the larger particles. On the other hand,
subsequent pipettings made at longer settling times, shallower depths,
or higher temperatures, which contain only finer material, should
be exact aliquots of the original sample. In these experiments the
samples were all taken from the same suspensions, pipetting being
done first at the lower temperatures. Inasmuch as these experi-
ments were concerned only with the apparent percentages of 5u
“clay” obtained at different temperatures, the results obtained by
Eipetting at the higher temperatures were not affected in any way

y the previous pipettings at lower temperatures, which is not true
when pipetting is done in the reverse order.

The results giver in Table 5 show variations of 0.0 to 0.9 per cent
in duplicate pipettings at a given t:mperature, whereas the average
difference in 20 sets of du l15"‘ic=1te pipettings is only 0.26 per cent,
On the other hand, the diﬁlérences obtained when the same samples

were pipetted at 10° and 20° C., respectively, ranged from 0.7 to 1.4
per cent, and these differences agree rather closely with those, 0.8 to
1.3 per cent, found when pipettings were made at 20° and 30° C.,
respectively. The average results on all the samples are 1 per cent
higher for pipettings made at 10° than for those made at 20° C.,
and the latter in turn are 1 per cent higher than those at 30° C.
These differences can not be attributed to experimental error alone.
-Consequently, for accurate work the settling velocity must be cal-
culated on the basis of the temperature and viscosity of the suspen-
sion medium during the time of settling.

The permanency of phosphate suspensions dispersed with 0.005 N
sodium oxalate is indicated by the fact that no tendency to flocculate
was observed, although it required more than' & week to complete a
series of experiments at the three temperatutes.
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TasLE 5-—Y¥ield of Sp “clay' obtained from natural phogphate at:'_warioué
temperatures from samples pipetied ot o depth of 10 centimelers efter
gettling for T3 minutes :

Parcontago of “clay - oblained
at g tempergture of~-

'8‘?}&‘3‘“ Type or sotires of phoaphats
10° C. 20° 0, 30° C.

Florlde waste pond 823 BT
82.0 88.8

Avarage | ; 02.5 80,8

Florido lond pobble 13.0 1.9
3.9 1.5

Aversge 13.8 17

Florida land pebble. 20,2 18. 3.
20.6 i8. 4

Avorage . 20. 4 18. 4

Florida land pibble Y 8.9
11,4 G.4

Averapg ! il 9.2
Florida bavd rock 23,7

241
2.9

Brown roek 14.8
169

Averago! 8.4

Idaho . 20.5
272

26,9

it Average of dupiieate deferminating mnde on the same suspensina.
T Bammple lost due (o broukege of cylindcer.

EXPERIMENTAL DETERMINATION OF SETTLING VELUCITIES

As caleulated from Stokes’s formula 5p phosphate particles, when
suspended in water at 25° C., should settle a distance of 10 centi-
meters in 55 minutes. Rough determinations showed, however, that
the time actually required for the particles to settle this distance is.
more than 70 minutes. Consequently a careful stady was made of
the rate of fall of finely divided natural phosphates at different
temperatures in order to determine the time required for 5u particles
to settle a distance of 10 centimeters. . _

In carrying out these experiments, samples of the phosphetes were
dispersed in cylinders with 0.005 N sodium oxalate. The cylinders
were placed in o thermostat and after reaching a constant tempers-
ture the suspensions were stirred with a mechanical stirrer. After
standing for the desired length of time, s small pipette, closed at
the top by means of a rubber tube and pincheock, was lowered into
the suspension until the tip was exactly 10 centimeters below the
surface, and a fraction of a cubic centimeter of the liquid was drawn
into the pipette by opening the pinchcock. XKohn (§) has shown
that a pipette removes not & layer of liquid but & sphere whose
center is at the tip of the pipette. Consequently, in order to chiain
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material only very near the tip of the pipette, it is necessary to
Tediice to 4 minimum the volume of liguid removed.

The material pipetted from the suspension was axamined under
the microscope, and the diameters of the largest particles were deter-
mined by means of an eyepiece micrometer. The first sipetting was
made after the suspension had settled for a time sufficiently long te
insure the absence of 3p particles in the liqnid withdrawn at a depth
of 10 centimeters. In making subsequent pipettings the suspension
was always stirred 2gain and the time of settling was progressively
reduced by 3-minute intervals until 5p particles were found to be
present at a depth of 10 centimeters. The setiling time was then
varied by 1l-minute intervals until a time was found at which an
insignificant number of 5z particles was present, but upon decreas-
ing the time of settling by 1 minute an appreciable incredse in the
number of 3z particles appeared in the sample. Agzregates having
a porous structure and very thin plates of mineral material were not
regarded as “pormal” 5u particles, but these were present in com-
paratively unimportant quantities, and their inclusion in the “clay ”
fraction did not introduce serious error.

In this way the time required for normal 5x phosphate particles
to fall 10 centimeters at 20°, 25°, and 30° C. was determined. The
results, which are given in Table 6, show that at all temperatures
the experimentally determined settling times are much greater than
those caleulated for corresponding temperatures from Stokes’s for-
mula. In ecalculating the theoretical settling time, the following
values were used for the terms in Stokes’s formula: g = 980 dynes/
centimeter/second; d = 3; d° = 1%; 5* = 0.01008, 0.00894, and
0.00800 centimeter-gram-second units for pure water at 20°, 25°, and
30° C., respectively.

Taprr §—Ezperimental setMing velovities of 5p phosphate particles compared
1eith theoretical velocities calculated from Stokes's formuld

Time required for 5: parti-
cles o settle for 2 dis-
tanee of L0 ceotimaters

Experimentall Caleminted
valres valaes

Minuter Afinutex
Bg fi2

K L]
T 19

The particle-shape factor (i), as customarily used in Stokes’s
formula, applies only for spherical particles. Microscopical exami-
nation shows, however, that the “silt ” fractions of finely divided

3 Thig 18 not the sctual denslty of the suspepsion medium {0.€05 N sodlum oxnlate),
but it is not necessary to use the correct value sinee the variations in the denslty af the
natural phoaphates are greater thnn the error introduced by the use of this valaeé for the
«Jenaity of the suspunsion medium,

% These are the volges g.'iven in the internnticnsl critical tables (#) for the viacosities
-of pare water =t 20° 25°, and 80° . The internatonal criticu! tubles give 1.022
(referred to water=1} as the viseosity of ¢.1 N sodlum oxelate saluttons at #5° C., but
‘oo ‘figares are avallable au the viscesitles of 0,043 N solutivns. Rough determinutiona by
the authors indieated, however, that the vlscosity of a 0.005 N sodlum oxaiete sulution im
¥ery cloge to that of pure water,
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; namml .pﬁéasphates are composed'of particles which are nct spherical
. bt irregular in ishape. {Consequently, it is to be expected that
-such particles will fall at a slower rate than spherieal particles,
Since it is known that the “ silt ” particles of natural phosphates are

- - pet spherical in shape, it seems reasonable to conclude that within

certain limits the finer particles are also nonspherical. It is recog-
nized, however, that this assumption may not hold in the case of

- . particles much finer than 5y in diameter.

If the experimental seftling times given in Table 6 accurately
represent the relation between settling velocity and femperature,
mechanical analyses made on the same sample at different tempera-
- tures should agree closely when the sample is pipetted at a depth
of 10 centimeters after settling for the proper time at that tempera-
ture. The sesults given in Table 7 show that this is the case, the
values obtdined at the different temperatures agreeing within the
limits of the experimental error of the method itself, not only on
the natural phosphates but also on ground limestone and marl,

TABLE T—Yield of Su “clay™ ubtained'frm samples pipeited ot a depth of
10 centimeters after setiling for the esperimenially determined lengths of
time at verious lemperatures

Pereentages of “ecloy”
obtained at—

Type of material

20° G0 | M0

2
<2
o]

Florida 1and-pebble phosphate_________.__|

o
Florida hard-rock phosphate_____
Florida waste-pond phosphate___
T brown-rock, phasphate.
Idoho phosphate. .. ... ___
Ground limestone _ ...

o

&, PEBN=R
o OGS S
EnREBRoR
ol vMowommre

P
¥ E-BREReR
-] OO kI LN =t B0 1 R

8

1.

1 Bamples pipetted ot 10 centlmeters alter scttiing for B minutes,
? Bemples pipetted at 10 centimeters after settling for 78 minutes.
1 Bamples pipettod st 10 centimetars after sottiing for 71 minntes.

In making the analyses, 25 cubic centimenters of the suspension

was pipetted out. According to Kohn (), the pipette removes a.
sphere of liquid whose center is at the tip of the pipette. Conse-
quently, it is assumed that the lower half of the sphere thus removed
contains enough particles larger than the given size to counter-
balance the deficiency in these particles in the upper half of the
sphere, giving a final result that is approximately the same as
would be obtained by the removal of a layer of ligmd at the tip of
the pipette.

In making the experimental determinations of the settling velocities
of the 5u pﬁosphate material, it was assumed thet the particles were
of average density as well as normal in shape. It is realized, how-
ever that those particles observed under the microscope may have had
a lower specific gravity than the average for all the 5u material, in-
asmuch as the heavier particles would have fallen to a lower level.
The experimental evidence indicates, however, that the particles were
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- of AVETREE - dénsity, In the first place the rcentages of 5u
miterial obtained by using the experimentally determinad settling

. velocities cheek very well with the results obtained by the large-scale

separations. In the large-scale separations the uncertainty -occa-
sionied by ‘the possible lack .of uniformity in the density of the

- . individual parficles was eliminsted becatisy of the almost complete

absence of particles smaller than 5u in the “gilt ” fractions. cro-
&copical examination of the “clay ? fractions prier to drying also
showed thst they contained an insignificant number of particles
larger than 5u,

FPAKTICLE-SHAPE FACTOR FOR NATURAL PHOSPHATES

By using the experimental settling times given in Table 6 and
the values for the various terms in Stokes’s formula which were used
1in caleulating the theoreticsl seitling times of 5u particles (Table 6),
the particle-shape factor (&) for the natural phosphates is calculated
as follows: d-dy

(e~

Substituting in Stokes’s equation, V=Kr-——ﬂ-—g, where K is the
shape factor, the experimental values determined at 20°, 25°, and
30° C. and solving, the result is:

AT 26° C.

10 __ g (0.00025)%3.0~1.0)980
83X60 0.01008

L Km=0,1541

AT 23° C.

10 K. (0.00025)%(3.0—1.0)98¢
79X 60 % 0.00894

] K25=0.1540

AT 30° @,

10 _ . (0.00025)(3.0—1.0)980 .
7Ix60 B 0.00800 » K=0.1523

These calculations give the values 0.1541, 0.1540, and 0.1533 based
upon the experimentally determined periods of time required for 5u
phosphate particles to settle a distance of 10 centimeters when the
termperature of the suspension medium js 20°, 25°, and 30° C., respec-
tively. An average value of 0.154 is taken as the particle-shape
factor for the natural phosphates. Since this value is based upon
experimental data it also accounts for any other deviations that may
result from the application of the theoretical form of Stokes’s
formula.

As spplied to the natural phosphates Stokes’s formuls becomes

r*(3—1)980
%

V=0.154

v 301,.?3-@2

If it is assumed that 2 phosphate particles have the same shaEe
as the 5z particles, the sbove formulg mey be used to calculate the

or finally
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time and depth at which to pipette the sample in order to determine
the percentage of  particles 2u and smaller in diameter. In de-
termining the percentages of 2 particles, it is more convenient to
allow the suspension ‘to settle for a constant time of 6 hours and to
vary the depth of pipetting, rather than to use a constant depth
and variable time as is done in the determination of 5z particles.

The sedimentation-velocity graphs used in pipetting 5z and 2u
phosphate particles are shown in Figure 1.

AN

Fime (minutes)
'

G

Ty
l\‘ff""»J

w |

] [L] 20 F53
Tempergfure (G}

Ficuen 1.-—Bedimentatlon-velocity gxaphstiulsed In pipetting 2-mlcron and GS-micron
particles

COMPARISON OF LARGE-SCALE SEPARATIONS WITH ANALYSES
BY THE PIPETTE METHOD

]

The samples of phosphate, upon which large-seale separations had
been made, were also analyzed by the pipette method using the pro-
cedure outlined later. In general, the results shown in Table 8 ob-
tained by the two methods agree very closely. Duplicate determina-
tions by the pipette methed do not give results that will check more
closely than those obtained on the Florida land-pebbie and hard-
rock phosphates by the large-scale separations and by the pipette
method, respectively. These particular samples dispersed readily in
pure witer, and the large-scale separations were completed in a com-
paratively short time.
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TaBLE 8. —Comparison of rostills obigined by large-scale separations with those
obigined by the pipette meillod

wgilg» ou “Olay'” Solnt-mn “c}.ﬂ}?,"
ta &g by— | <lhp by— P | by—

T¥pe or source of phosphate

1.args ~scale
separalion
method
‘Lorgo-sele
separation
method
separation
method
separation
mathod
mathod

R | Lorgo-scale
W lripetts

s [ Ptpette
A

By [Plpette

St | Large-sealo
-
[

Florida land pebbls
do.

]
o

BB | Pipetts
A

___..do...
Florida hard rock
Floréda wasts pond
o__
723 | Flerids soft- -
T 2 brown rock
i)

T 386 lue rocic
Wycming
Idake

BB

et ot i Y 0 e
Slga e P D00 LT B0 B
£ 00 R B £ T e B I T

.. Ll
Mo SO NmNRGNR

-
ED D O b e i B0 b bt s 2 R

B SERBRLRHAD
Dl EEROHT Ok WR

BERSRERBEBSEY [Plpette

BB 828, BRHEN
L0 K h g1 b s TR
4 B WA T G D et O M 2D e L

REGENE., B

=R T R P T T
Y- N RN PR 0
Beei BERa8Be

ool poer—a s el
EooBEER

o
-
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t A mmall portion of the “silt"” and “clay ™ was accidentally spilled in this separation
2 Lithlum oxalate tsed as a dispersing agent in the large-scals separstions,
¥ A large-scale separation was not made on this sample,

In making the large-sczle separations on samples Nos. 908 and 948,
it was necessary fo use lithium oxalate as a dispersing agent. Con-
siderable time was required to complete the separations on the Flor-
1da waste-pond and soft phosphates because of the large quantities
of % clay ¥ particles present. The Idaho hosphate dispersed readily
in pure water but continued to give up “clay ” particles upon further
washing with pure water, so that considerable time was required to
complete the separation. In view of the fact, however, that the
. large-scale separations were based solely upon microscopical exami-
nation of the material separated from suspension, the results obtained
on these samples agree satisfactorily with those obtained by the
pipette method.

raphs obtained by plotting the percentages of material finer than
8 given size against the logarithm of the diameters of the particles
in millimeters are shown in Figure 2. The data used in plottin
these graphs were obtained from analyses by the pipette method.
The curves for ground phosphate rocks have the same general slope,
differing princié:ally in the percentages of fine material present in
the samples. Since these samples were originally ground to pass
8 100-mesh sieve, the upper ends of the curves all terminate at a
particle diameter of 0.147 millimeter, corresponding to the mesh
opening of the 100-mesh sieve,

The curves for the soft and waste-pond phosphates also have the
same general slope in the region of ﬂ? finer particles but this slope
is quite different from that of the ground phosphate rocks. The
curve for mar] is somewhat similar to those for the soft and waste-
pond phosphates. A further study of the mechanicsl composition
of different types of finely divided matural phosphates would un-
doubtedly reveal some interesting facts in regard to the distribution
of particle size in the material finer than 2. :
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- Results obtained on mari and ground limestone indicate that the
pipette piethod is also applicable to the mechanical analysis of these
materials, although the data secured to date do not warrant an abso-
Jate statement. '%[‘he ground limestone examined contained little or

A0,

v

/]

/ | Legend
+++ Jennessee brown-rock phosphate Ko 906)
/ o v » Jennessee bjue-rock phosphate No. 830]
BES Florida /and.pebble phosphate Mo 812
w4k Forids fond-pebble phosphate e 947
e Florida soft phosphate No.728
/ BER Fipricls waste-pond phosphate W 72T,
00 /dahio phosphale e 973

// aaa Mar/ Mo 579

sz &oo0s agy 0 GM47 Q2% 450 Lo

Dismeter of particles (mrm )

Figoee 2—Prriiclesize dlstribution curves obtained by plotiing percentages of

%gﬂ finer than a given pize ngaingt the logaritbm of the diameters of the
P es

Per cent

¢

no “clay.” It is possible also that a different particle-shape factor
is required for marls.

OUTLINE OF PIPETTE METHOD FOR MECHANICAL ANALYSIS OF
NATURAL PHOSPHATES

. The method as finally adopted is essentially the same s that out-
lined by Olmstead, Alexander, and Middleton {9) for the mechanical
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-analysis-of soils, except that (1) removal of organic matter from the
sample by means of hydregen peroxide, prior to the anal;rms, is
omitted, (2) recommendations for the scparation of the %sand ”
fraction into different grades are not made becanse this is entirely a
matter of sieving and consequently the number and range of the
grades may be varied to meet the requirements of the individual
Iaboratory, and (3) the settling velocities used for the natural phos-
phates are different from those used for soils. In the following
pages the method is briefly described.

PREPARATION AND DISPERSION OF 3AMPLE

Two samples of the phosphate are weighed out 2t the same time,
3 10-gram sample for analysis and a 5-gram sample for moisture
determination. The latter is dried to constant weight at 105° C.
The 10-gram sample is placed in a 250 cubic centimeter glass eleo
trolytic beaker and boiled with 100 cubic centimeters o§ distilled
water.

The sample is now ready for washing. This is done by removing
as completely as possible the solution from the sample 1n 8 beaker
with a short %asteur-Chamberland filter tube (grade F). The lower
12 centimeters of the tube is sawed off and fitted with a removable
rubber stopper for this purpose. By means of a rubber bulb, back
pressuie is applied to the filter in order to remove the adhering mate-
rigl. The sample is well stirred with 125 cubic centimeters of dis-
tilled water, and the solution is again removed by filtration. This
operation is repeated unti] the greater part of the soluble material is
removed, six washings usually being sufficient. :

After cleaning and removing the suction fiiter, the sample is
evaporated to dryness on the steam bath and then dried to constant
weight at 105° C. The sample is weighed as rapidly as possible
in order to reduce to a minimum the adsorption of moisture from
the air. The sample is then soaked for a few minutes with ahout
25 cubic centimeters of water, stirred with a rubber policeman, and
transferred to 2 250 cubic centimeter bottle (the ordinary narrow-
mouth nursing bottle is well suited for this purpose). The beaker
. s again dried and weighed, the difference in weight being the por-
tion of the sample left afte: removal of soluble material. To the
bottle is added 10 cubic centimeters of 0.5 N sodium oxalate and the
volume is made up to 150 cubic centimeters. The bottle is shaken
for at least 2 hours on a reciprocating shaker having a horizontal
movement of 10 centimeters and making 120 complete oscillations per
minute. A shaker of this type is described 1n Burean of Soils
Bulletin 84 (2).

SEPARATION INTO SIZE CLASSES

A sieve fitted with Tyler 300-mesh wire screen cloth is clamped
above a 1-liter graduated glass sedimentation cylinder on foot, and
the “clay” and finer “silt” are decanted from the shaking bottle,
through the sieve, into the sedimentation cylinder. After a few
pourings the “clay” is comtpletel removed from the bottle. The
“sand ” and the remaining “silt 7 are then transferred to the sieve
by means of a stream of distiled water, The cylinder is filled to
.tge' 1-liter mark and set aside for sedimentation. Economical use
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of water is necessary in decantation and washing on *he sieve, be-
cause the total volume of the “silt ” and “ clay ” suspenston is lim-
ited to 1 liter.

The material remaining on the sieve is washed into a dish, prefer-
ably platinum, and, after evaporation, is dried for 2 hours at 105° C.
Complete separation of the “sand ” from the “silt” is then effected
by shaking the dry sample on 2 300-mesh sieve in a mechanical
sg'aker. 'I{ie material finally remaining on the sieve is weighed as
the “sand ” fraction. If desired, the “sand ¥ fraction may be sep-
arated into different prades by using the proper sieves.

The material in the sedimentation cylinder is thoroughly stirred
and the cylinder is allowed to stand on a support which is practically
free from vibration for a period of time sufficient to allow particles
5p in diameter to settle for a distance of 10 centimeters, as deter-
mined by reference to the graph given in Figure 1. A dry 25 cubic
centimeter Lowy automatic pipette, which iz clamped to a vertical
support, is then carefully lowered into the suspension by means of &
rack and pinion device (%) until the tip is exactly 10 centimeters
below the surface, as indicated by a pointer moving over a fixed scale.
The stopcock is then opened and the pipette is filled by suction in
20 to 40 seconds. A uniform suction is necessary and may be con-
veniently obtained by inserting a capillary tube between the pipette
and the source of vacnum, The stopecock is then closed, and the
pipette is raised and removed from the vertical support.
~_The contents of the pipette are drained into a tared weighing

dish, and the washings from the pipette are added, since the pipette
is calibrated for content rather than delivery. The liquid is evapo-
rated on the steam bath and the dish is finally dried to constant
weight at 105° C. The weight thus obtained is multiplied by 40
and the result, less the weight of solid material present in 10 cubic
centimeters of the 0.5 N sodium oxalate solution, represents the total
weight of “clay ” in the original sample,

In order to determine the 2p “clay ” the suspension remaining in
the cylinder is again thoroughly stirred and allowed to settle for 6
hours. A sample is then pipetted at the depth indicated by reference
to the graph in Fipure 1. The determination is completed in the
same manner as described for 5p  clay.”

The weight of “silt ” in the original sample is calculated by add-
ing the weights of “sand,” 5x “ clay,” and material lost by solution,
and subtracting this total from the oven-dry weight of the original
sample.

SUMMARY

A method of separating 800-gram samples of natural phosphate
samples into “sand,” “silt,” and *clay? sizes is developed and
successfully applied to all commercial types of naturel phosphates
except Tennessee blue rock. In this metEod the fractions are sep-
arated by sedimentation in water without the use of any theoretical
assumption, the progress and efficiency of the sefaration being
checked solely by microscopical examination of the fractions.

The specific gravities of the original samples and of the fractions
of the various types of phosphate rock produced in the United States
-do not range sugisiently to preciude the use of an average specific
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‘gravity of 3 in calculating the settling velocities of phosphate parti-
<les by means of Stokes’s formula,

The pipette method, as developed for the mechanical analysis of
soils in tlll): soil-physics leboratory of the Bureau of Chemistry and
Soils, was successfully applied to the analysis of firely divided
natural phosphates. The magnitude of the error involved when
samples of natural phosphates are pipetted at a constant fime and
. depth without regard to temperature was determined. An experi-

‘mental study of the settling velocities of 5u phosphate particles at
various temperatures showed that the rate of fall is considerably
slower than the thzoretical rate caleulated by means of the customary
form of Stokes’s formula. This discrepancy is apparently due to the
irregular shape of the phosphate particles. As applied to natural
Ehosphates, the particle-shape factor in Stokes’s formula is 0.154, as
:etermined experimentally, instead of the factor {%), which is cus-
tomarily used and which applies only to spherical particles.
.., A comparison of results obtained by the large-scale separation with
those made by the pipette method shows very good agreement.

An outline of the pipette method for the mechanjeal analysis of
finely divided natural Eosphates is given in some detail. The essen-
tial differences from the same method applied to soils are: (1} The
hydrogen peroxide treatment is omitted and QQ) the settling velocities
are calculated from a revised form of Stokes’s Tormula,

The possibility of the utilization of the gipette method for the
mechanical analysis of ground limestone an

marls is pointed out.
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