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CHEMICAL-MECHANICAL DEWATERING
PROCESS

ﬁltration. centrifugation. etc. While these techniques do not
expose the particulate matter to heat. they do require a
tremendous amount of energy input. Under these methods.
energy is required to overcome the force of attraction of the
water molecule to the particulate matter. Current mechanical
drying techniques have not proven satisfactory in achieving
a suitable dryness in coal and minerals processing operations. In addition. these techniques are time consuming. and

CROSS-REFERENCE TO RELATED
APPLICATIONS
This patent application is a continuation—in-part (CIP)

application of the patent application ﬁled Apr. 17. 1995.

having U.S. Ser. No. 08/423562. now abandoned and the
often involve tedious steps such as the separation of caked
complete contents of the application is herein incorporated
10 particulates.
by reference.

Currently. small particles of phosphates. coal. and other
minerals and metals. are often discarded due to difﬁculties in

DESCRIPTION

cleaning and drying the particles. This practice is tremen—
dously wasteful and has an adverse impact on the environ—

BACKGROUND OF THE INVENTION

15 ment. What is needed is an environmentally safe. effective.

1. Field of the Invention
The invention is generally related to removing water from

and inexpensive method for dewatering particles. that will
allow the recovery and use of material which would otherwise be discarded.

small particles using chemical and mechanical mechanisms
instead of water removal by heating. More particularly. the
invention is related to a process which includes the step of 2O
altering the surface chemistry of a particle to increase the

water contact angle on the surface of the particle. and then
mechanically removing the water droplets from the particle

SUMMARY OF THE INVENTION
It is an object of this invention to provide a low cost. safe
and effective technique for dewatering particles which

employs chemical and mechanical treatment processes.
It is another object of this invention to provide a dewa25
2. Description of the Prior Art
tering process which employs a water soluble or dispersable.
Minerals such as coal. clays. phosphates. sulﬁdes. and the
disposable. hydrophobizing agent.
like. and metals such as copper. tungsten. silver. and gold.
It is yet another object of this invention to provide a
are often mixed with water to form an aqueous slurry for
dewatering process for small particulate materials which
various processing operations. For example. US. Pat. Nos.
utilizes as a hydrophobizing agent a mono-unsaturated fatty
4.981.582. 5.167.798. and 5.397.001 to Yoon et al. describe
acid esters having the general structural formula R1——C(0)
microbubble ﬂoatation technology used to separate ﬁne
—40—--R2 where R1 is a mono—unsaturated aliphatic moiety

by gas pressure or the like.

particles of minerals or coal from non-valuable materials.
Waste materials are also often combined with water in
various sewage handling operations.

and is preferably an oleate and R2 is an aliphatic moiety
(e.g.. C 1,5 carbons. including moieties such as methyl. ethyl.
35

While water provides a convenient medium for performing a wide variety of operations. such as cleaning. material
transport. reaction chemistry. etc.. problems arise when the
ultimate product desired is dried particulate material. When
water clings to the surfaces of valuable materials such as
coal. clays. minerals. metals. etc.. it adds non-useful weight
to the material. This weight increases the cost of transporting

propyl. butyl. etc.). or an alcohol (e.g.. glycerol (C3H803).
ethylene glycol (CHZCHZOH). polyethylene glycol

(CH2CH20H)n. etc.).

It is yet another object of this invention to use polysilox—
ane polymers. and particularly polymethylhydrosiloxane. as
hydrophobizing agents in a dewatering process for small
particulate materials.
According to the invention. the surfaces of particles are
the material truck or train. In addition. the water may eﬁect
altered to make them more hydrophobic. The water contact
the performance of the material. For example. coal burns
angle on the particle surface increases as the hydrophobicity
less efﬁciently.
45 of the particle increases. and this change in the contact angle
The problem of surface water clinging to particulates is
reduces the tendency of water droplets to remain attached to
most severe in smaller particles. such as particles of less than
the surfaces of the particles. The surface chemistry of the
0.1 inches in diameter. This is due to the smaller particles
particles can be changed while the particles are in a mixture
having much higher surface to volume ratios.
or slurry together with water simply by adding a hydrophoA wide variety of technologies have been developed to 50 bizing agent. such as a hydrophobic polymer or surfactant.
dry particulate matter.
to the mixture or slurry. The hydrophobizing agent will have
a stronger attraction for the particle surface than water and
One method simply involves removing water by heating
will be able to coat the particle surfaces. After the particles
the material. Thermal heating requires a signiﬁcant amount
have been rendered more hydrophobic. they can be mechani—
of energy input. The energy must be sufﬁcient to overcome
the attraction between the water molecules with each other 55 cally dewatered by application of direct air pres sure. vacuum
ﬁltration. centrifugation or the like.
and the particulate material. thereby vaporizing the water
and leaving a dry material. As a practical matter. the cost of
Particularly good dewatering results can be obtained with
the energy required to thermally dry the particulate material
mono-unsaturated fatty acid esters having the general structural formula Iii—C(O)—0———R2 where R1 is a monomay be more expensive than the value of the particulate
material to be salvaged. In addition. the thermal drying
unsaturated aliphatic moiety and is preferably an oleate and
technique would be ineffective for particulate materials
R2 is an aliphatic moiety (e.g.. C 1—6 carbons. including
which liquefy or undergo a phase change below the tem—
moieties such as methyl. ethyl. propyl. butyl. etc). or an
perature required for water removal. and the thermal drying
alcohol (e.g.. glycerol (C3H803). ethylene glycol

technique poses environmental problems due to the requirement of large amounts of air input and steam effluent.
Another method involves mechanically removing water
by vacuum ﬁltration. pressure ﬁltration. hyperbaric

65

(CHZCHZOH). polyethylene glycol (CHZCH20H),,. etc.).
For example. experiments with coal particulate slurries have
demonstrated that small quantities (e.g.. less than 5% by
weight of the slurry) of oleate compounds such as methyl
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oleate. DL-ot-monoolein. and ethylene glycol monooleate.
can be used to dry the particulate to a moisture content of
less than 10% by weight or lower (e.g.. less than 5% by
weight. less than 2% by weight. etc). These compounds are
so effective that even parts per million (ppm) quantiﬁes (less

5Gdir

Eq.3

In order for dewatering from a particle surface to be
spontaneous. deinA should be less than zero. As is set
forth in Equation 4. spontaneous dewatering of a particle

than 1% by weight) can be used to cause a signiﬁcant
decrease in moisture content of coal particulates. Experi—
ments also demonstrate that these compounds are eﬁective
for reducing the moisture content of other moist particulates
including lead and zinc sulﬁde concentrates.

=mme

T

requires that the contact angle between the water 8 and
particle 4 be greater than 90°
10

Yzacos6<0

Eq. 4

In addition. particularly good dewatering results can be

This condition is expressly shown in FIG. 3.

obtained using low molecular weight (e.g.. less than 100.000

Unfortunately. most particulate materials are not hydro—
MW) hydrophobic polymers. and particularly polysiloxane
phobic
enough to allow for spontaneous dewatering. Even
polymers. as hydrophobizing reagents. For example. small
15 the most hydrophobic bituminous coals have water contact
quantities of polymethylhydrosiloxane (MW<100.000) are

angles of less than 65°. as measured by the captive bubble

eﬂective for reducing the moisture content of particulate

technique (See. Aplan. Advances in Coal and Mineral
Processing Using Flotation. SME. Littleton. Colo..
950989)). FIG. 2 illustrates the situation where the contact
BRIEF DESCRIPTION OF THE DRAWINGS
20 angle is less than 90°.
The above explanation demonstrates that mechanical
The foregoing and other objects. aspects and advantages
dewatering of most particulate materials. including materials
will be better understood from the following detailed
which have been generally regarded as hydrophobic. with—
description of the preferred embodiments of the invention
out prior modiﬁcation of the interfacial tensions Y”. Y”.
with reference to the drawings. in which:
25 and Y23. is not a thermodynamically favorable process.
FIG. 1 is a schematic diagram showing the changes in
This invention contemplates altering the hydrophobicity
slurries. and coal slurries speciﬁcally.

surface free energies with the transfer of a particle to from

of particle surfaces such that the thermodynamics of

water to air phase;

mechanical dewatering become more favorable. This is
accomplished by adding a water soluble. disposable. hydroFIG. 2 is a schematic diagram showing the equilibrium
30 phobizing reagent to a mixture or slurry of particles and
between interfacial energies at a three phase contact. where
water. The hydrophobizing reagent will be selected to
Y”. Y”. and Y23 are the interfacial tensions between the
change the surface chemistry of the particle such that the
particle and air. the particle and water. and water and air.
contact angle between the water and particle is inn-eased and
respectively; and
the water is more easily removed from the particle surface.
FIG. 3 is a schematic diagram similar to that shown in 35 Preferably. the contact angle is increased to 80°—90° or
FIG. 2. but where a hydrophobizing agent has been added to
more. As discussed above. when the contact angle is greater
the surface of the particle.
than 90°. dewatering will be spontaneous.

The process will be useful in dewatering a wide variety of
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION
FIGS. 1-3 illustrate one of the central principles of this
invention. Speciﬁcally. with reference to FIG. 1. a particle l
is shown to emerge from water phase 3 to air or vapor phase
2. The free energy per unit surface area of the particle is
given by Equation 1.

qu

45

particulate material including coals. clays. sulﬁdes.
phosphates. metals. minerals. waste materials. or other particles. The process can be used for dewatering small particles which are typically less than 0.5-3 inches in diameter.
However. it has particular application in dewatering very
ﬁne particles which are on the order of nanometers to
millimiters (1 nm—iO mm) in size. As discussed above.
removal of water from very ﬁne particles is a more diﬂicult

task because these particles have a much higher surface to
volume ratio.
The hydrophobizing reagent must be water soluble or

3% = 712 ' ”Yrs
50 water dispersable (e.g.. an emulsion) in order to enable it to

be applied to the surfaces of the particles being dewatered
Solid and nonsoluble reagents will not be distributable onto
the surfaces of the particles simply by addition to a mixture
water.
of water and particles. What is needed is a disposable
FIGS. 2 and 3 show alternative equilibrium diagrams for 55 reagent that can be added directly to the water/particle
the three interfacial tensions at the three-phase contact of the
mixture or slurry. and which will dissolve and distribute
particle 4. air 6. and water 8. The Young’s equation. derived
itself over the surfaces of the particles in the mixture or
In Equation 1. le is the interfacial tension between the
particle and air and Y13 is the same between the particle and

from both FIGS. 2 and 3. can be used to express Y12 as a
function of water contact angle. 6. and the interfacial tension
between water and air. Y3. Equation 2 sets forth the

slurry. Agitation of the water/particle mixture or slurry after
addition of the hydrophobizing reagent can assist in distributing the hydrophobizing reagent.

Young’s equation.

The mixture of particles and water into which the hydrophobizing reagent will be deposited will generally have a

moisture content of 5%—99% by weight. The invention is
Y12=YncosB+Yl3

Eq. 2

By substituting Equation 1 into Equation 2. the relationship set forth in Equation 3 is obtained.

practicable with mixtures having high solids content. such
65 as. for example. mixtures with a moisture content of

10—60%. If desired. all or a substantial portion of the free
water can be removed from the mixture by ﬁltration. strain—
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ing or other means prior to adding the hydrophobizing
reagent. However. it is expected that having some free water
present (5—99%) prior to addition of the hydrophobizing
reagent is beneﬁcial since the free water can serve as a
vehicle for distributing the hydrophobizing reagent on the
particle surfaces.
One example of suitable hydrophobizing reagents within
the practice of this invention are low molecular weight
hydrophobic polymers or polymer blends. Preferably. the

hydrophillic) sites on the particle surface. In this case. the

surfactant can adsorb selectively on the hydrophillic sites of
coal with the normal mode of orientation. i.e.. with polar
heads in contact with the surface and the hydrocarbon tail
pointed toward the aqueous phase. thereby increasing the
overall hydrophobicity of the particle.
The concentration of the hydrophobizing reagent added to
the water/particle mixture or slurry need not be very high.

Optimum results can be obtained when 1—40 lbs of hydro-

phobizing reagent per ton of particles have utilized. For
hydrophobic polymer will have a molecular weight ranging 10
example. surfactants added to slurry of coal having a mois-

from 5.000 to 20.000.000 Daltons. Most preferably. the

ture content of 98% at a ratio of 2—81bs/ton of coal pa11icles

hydrophobic polymer will have a molecular weight ranging

were useful in allowing dewatering to a moisture content of

from 500.000 to 5.000.000 Daltons. Higher molecular

1—10%. One should not add a signiﬁcant amount of the

weight polymers tend to have much larger viscosity. and to
hydrophobizing reagent to the water/particle mixture or
not be water soluble. Suitable hydrophobic polymers include 15 slurry. since. the objective is to dewater the particles. not to
polymethacrylates. polyacrylates. polysiloxanes. hydropho—
add the weight of the surfactant to the particles.
bic polyacrylamides. polypropylene glycols. and hydrophoOnce the hydrophobizing agent has been combined with
bic emulsion polymers. Particularly good ﬁne coal dewaterthe water/particle mixture. and allowed a suﬂicient time for
ing results can be achieved using low molecular weight
the hydrophobizing reagent to become distributed through(MW<100.000) polymethylhydrosiloxane which has the 20 out the mixture onto the surfaces of the particles. the water
can be removed by mechanical means. Suitable mechanical
chemical formula: (CH3)3SiO[(CH3)HSiO],,Si(CH3)3.
techniques include centrifugation. vacuum ﬁltration. pres—
The hydrophile-lipophile (HLB) is an empirical method

sure ﬁltration and the like. The prior chemical treatment with

ﬁrst developed by Griﬂin (see. Griﬂin. J. Soc. Cosmet.

the hydrophobizing reagent allows the water to be removed
Chem, 1949. vol. 311) for quantifying the surface activity of
a surfactant based on its molecular composition. The HLB 25 more quickly and inexpensively with the mechanical techniques. In addition. results have demonstrated that the water
value ranges from 0 to 20. At the high end of the scale are
removal is considerably more effective after prior alteration
hydrophilic surfactants which possess high water solubility
of the particle hydrophobicity. For example. particle dryness
and generally act as solubilizjng agents, detergents and
down to a moisture content of 20% was easily achieved. and
stabilizers for oil—in—water emulsions; at the low end are
moisture contents as low as 12% were obtained. To be
surfactants with low solubility which act as solubilizers of 30
commercially applicable. it is desirable to obtain dryness
water in oils and are good water-in-oil emulsion stabilizers.
levels below 20%. and most preferably below 5—10%.
Another example of suitable hydrophobizing reagents
A simple procedure to remove the water from the mixture
may be surfactants such as fatty esters. ethoxylated fatty
is to place the particles on a ﬁlter media or sieve. allow the
acids. ethoxylated fatty esters and oils. short chain alkyl—
free water to be strained from the mixture. and to direct a gas
(e.g.. C,s or less) and alkyl-aryl (e.g.. C12 or less) surfactants. 35 such as air over the surfaces of the particles. Due to the
non-ionic surfactants of low HLB values (e.g.. 10 or less).
contact angle being altered prior to the air pressure
and mixtures thereof. In addition. combinations of surfactreatment. water will be removed from the surfaces
tants and hydrophobic polymers described above could be
extremely easily or even spontaneously. When air is used as
the mechanical mechanism for removing water. good results
employed. Particularly good dewatering results have been
have been obtained when the air is applied at pressures
obtained using mono—unsaturated fatty esters. including oleranging from 10 psi to 140 psi. The air or gas temperature
ates such as methyl oleate (CH3(CH2)-,CH:CH(CH2)-,
can be at ambient (e.g.. 20°—35° C.). Alternatively. the air or
COOCHB) . DL—ot—monoolein (CH3(CH2,)7CH:CH(CH2)7
gas can be heated slightly prior to directing it across the
COOC3H702) . and ethylene glycol monooleate (CH3
surfaces of the particles (e.g.. up to 75° C.).
(CH2)7CH:CH(CH2)7COOCH2CH2OH). In view of the
An important feature of this invention is that heating the
results presented below in the Examples sections. it is 45
particles is generally avoided and is not required. Thus. the
expected that moist particulate dewatering can be advantaprocess allows obtaining very dry particles without the
geously performed using additive compounds of the general
expense associated with thermal drying procedures.
structural formula Rl—C(O)—O—R2 where R1 is a monoEXAMPLE 1
unsaturated aliphatic moiety and is preferably an oleate and
R2 is an aliphatic moiety (e.g.. CH; carbons. including 50
A run—of-mine coal from the Lower Kittaning (~100
moieties such as methyl. ethyl. propyl. butyl. etc.). or an
mesh) seam was mixed with water to prepare a coal slurry
alcohol(e.g.. glycerol (C3H803). ethylene glycol
containing 20% solids. A water-soluble hydrophobic poly(CHZCH2OH). polyethylene glycol (CH2CH20H),,. etc.).
mer (polymethylhydrosiloxane (MW<100.000)) was added
The surfactants should be chosen to enhance dewatering
to the slurry in the amount of 13 lbs/ton of coal on a dry
by altering the hydrophobicity of the particles; rather than 55 basis. The slurry was agitated for one minute to ensure
enhancing the wettability of the particles. as is the case with

complete dissolution of the reagent and subsequent adsorp-

many surfactants. Long chain surfactants have a tendency to
absorb on hydrophobic surfaces. such as coal. with inverse
orientation. Under this condition. the polar groups of sur—
factants point toward the aqueous phase. making the surface
more hydrophillic. This situation can be avoided if shorter
chain surfactants are used. For example. optimum results
may be achieved when the chain length is 2 to 20. When the
chain length is properly controlled. the attractive hydropho—

tion on the coal surface. so that the coal particles in the slurry
become hydrophobic. The slurry was then subjected to
vacuum ﬁltration. In control tests in which no dewatering
aids were used. the moisture content was 26%. When the
dewatering aid was used. the moisture was reduced to 11%.
These results demonstrated that the hydrophobic dewatering
aids can be used at high % solids.

bic force between the hydrocarbon tail and the particle
surface can be made smaller than the attractive force
between the polar group of surfactants and the polar (or

65

EXAMPLE 2
A dried clean coal column ﬂotation product (lOOXO mesh)
from Cape Breton. Nova Scotia. was dispersed in water to
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prepare a coal slurry containing 2% solids. A butanol solu—
tion containing 8% by weight ethylene glycol monooleate
(EGMO). a fatty ester. was added to the slurry in the
amounts of 0.25—3 lbs/ton (EGMO) on a dry basis. The
slurry was then agitated for one minute to ensure adequate
dispersion and dissolution of the reagent and subsequent

moisture content was reduced to 7.9% after ﬁve minutes of
drying. Similar to those observed with the use of EGMO. the
ﬁltration rates obtained in these tests were about four times
higher than those without using a dewatering aid.

adsorption on the coal surface. so that the coal particles in

A run-of-mine Lower Kittaning coal sample (100x0

EXAMPLE 4

the slurry become hydrophobic. The coal slurry was then
mesh) was subjected to dewatering tests using a Buchner
subjected to vacuum ﬁltration at 20 psi with a drying time of
ﬁltering funnel with a coarse glass frit (40—60 urn). The coal
one minute after liquid drainage. The ﬁltration experiment ID sample was mixed with water to make a slurry containing
13.8% solids. A hydrophobic polymer. polymethylhydrosi—
was conducted using a ceramic Buchner ﬁltering funnel with
loxane (PMHS) was added to the slurry and then agitated for
medium porosity ﬁlter paper. The dewatered coal samples
one minute to ensure complete dispersion and dissolution of
were recovered from the funnel and analyzed for moisture
the polymer. The slurry was then ﬁltered for diﬂerent
content.
periods of time. In baseline tests where no dewatering aids
15
Table 1 presents the results obtained using ditferent dewa—
were added. the moisture content was 30%. Using 4.6
tering aid dosages. In the absence of any dewatering aids
lbs/ton of PMHS. the moisture content was reduced to
(baseline test). the average moisture content was 34.8%.
17.4% after ﬁve minutes of ﬁltration. At a higher dosage of
Using 0.25 lbs/ton of EGMO. the moisture content was
PMHS (13 lbs/ton), the moisture content was reduced to
reduced to 10.1%. The moisture content was further reduced
8.9%.
to 1.4% when 3 lbs/ton of EGMO was used The use of the 20
dewatering aid also resulted in an increase of the ﬁltration
EXAMPLE 5
rate to as high as ﬁve times compared to that without
Dewatering tests were conducted on actual ﬂotation proddewatering aid.
ucts obtained from dilferent coal cleaning plants. In these
tests. the ethylene glycol monooleate (8% by weight) in
TABLE 1
25
butanol solution was added to the coal slurry sample and
EGMO Dosage (lbs/ton)

agitated for one minute. The sample was then subjected to a

% moisture

bottom fed ﬁlter leaf test using a standard EIMCO ﬁlter leaf
0
0.25
0.65

34.8
10.1
5.7

3.0

with a polypropylene ﬁlter media. The leaf was dipped into
the slurry for 15 seconds (cake-formation time) at a vacuum
30 pressure of 20 psi and then removed and held at an upright

1.4

position in air for one minute (drying time). After the drying
time. the vacuum was stopped and the cake was discharged
by lifting with a spatula. Table 3 shows the results obtained
EXANIPLE 3
with diﬂ‘erent coal slurry samples with and without any
A run—of—mine coal from the Lower Kittaning (lOOxO 35 dewatering aids. In baseline tests obtained in the absence of
dewatering aids. the average moisture content of a Middle
mesh) seam was dispm'sed in water at 13.8% solids. A
Fork column concentrate was 41.9%. Using 2.9 lbs of
butanol solution containing MEMO (8% by weight) was
EGMO per ton of coal, the moisture content of this ﬂotation
added to the slurry and agitated for one minute. The slurry

was then subjected to vacuum ﬁltration using a Buchner

column concentrate was reduced to 23.7%. The ﬁltration

ﬁltering funnel with a coarse glass frit (40—60 pm). Table 2
shows the results obtained using diiferent drying times after
drainage. In baseline tests where no dewatering aids were
added. the moistln'e content was 29% after one minute of
drying and was reduced to 27.1% aftm' ten minutes drying.
The moisture content is reduced signiﬁcantly. to as low as 45

rate obtained with the use of EGMO was much higher as

3.9% with the use of the dewatering aid and longer drying
time. It should be noted that even with a drying time of 10
minutes. the moisture content was only reduced to 27.1% in
the absence of the dewatering aid. The ﬁltration rates were

indicated by the thicker cake and larger volume of ﬂitrate
recovered. For the Maple Meadow ﬂotation concentrate. the
moisture content was reduced from 35.8% (without dewa—

tering aid added) to 14.5% with the addition of 3.9 lbs of
EGMO per ton of dry coal. The moisture content of the Lady
Dunn column concentrate was reduced from 44.7% (without
dewatering aid) to 28% using 3.9 lbs of EGMO per ton of
dry coal. Again. the ﬁltration rates obtained with the use of

EGMO were signiﬁcantly higher than those without any
dewatering aid added.

also increased four to ﬁve times higher when EGMO was
added.

TABLE 3
TABLE 2
70 Moisture

EGMO DOSAGE

9’0 Moisture
Coal Sample

W/O EGMO

W/EGMO

Middle Fork Column C0113.l

41.9

23.72

Maple Meadow Flotation Cone.3
Lady Dunn Column Cone.5

35.8
44.7

14.54
28.04

55
(Lbslton)

lminDry

5minDry

lOminDry

0
1.5

29.0
16.9

23.0
13.3

27.1
11.5

3.0

13.1

8.8

3.9

1Flotation column concentrate (15% solids, 100 x O (mesh) from refuse pond
22.9 lbs/ton EGMO added

3Floatation coneenﬂ'ate (28% solids, 100 x 0 mesh)
Similar dewatering tests were also conducted on this

run-of-mine Lower Kittaning coal slurry (13.8% solids.

‘39 lbs/ton FEMO added

5ﬂoatation column concentrate (8% solids, 100 x 0 mesh)
100><0 mesh) using other types of fatty esters without any
Similar bottom fed ﬁlter leaf tests were also conducted on
carrier solvent (i.e.. butanol) added. Using 1.4 lbs/ton of
DL-OL-monoolein (me-Glycerol l-monooleate). the moisture 65 Middle Fork ﬂotation column concentrate using other
content was reduced to 16.4% after one minute of drying. In
reagents as dewatering aids (i.e.. polymethylhydrosiloxane
another test where 37 lbs/ton of methyl oleate was used. the
(PMHS). DL—ot-monoolein. and polyethylene glycol (400)

5.670.056
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between water and a surface of a particle in said moist

monooleate). In one test where 5 lbs/ton PMHS was used.
the moisture content was reduced to 23.7%. In another test
where 1.25 lbs/ton DL—a-monoolein was added. a moisture
content of 28.2% was obtained. Tests conducted where 4
lbs/ton of polyethylene glycol (400) monooleate was used
resulted in a moisture content of 29.9%.

particulate solution;

agitating said treated combination to distribute said mono—
unsaturated fatty ester on surfaces of said particulates

Actual clean coal ﬁlter feed samples from Consol Inc.
coal cleaning plants were subjected to bottom fed ﬁlter leaf
tests. The clean coal samples (30% solids. 28x0 mesh) used
were from Pocahontas No. 3 and Pittsburgh No. 8 seams.

in said treated combination; and
mechanically removing water from said surfaces of said
moist particulates to produce dry particulates.
2. The method of claim 1 wherein said mono-unsaturated
fatty ester has a chemical structure deﬁned as Rl—C(O)—
O—R2 where R1 is an oleate and R2 is selected from the
group consisting of alkyl and alcohol moieties.
3. The method of claim 2 wherein said mono-unsaturated
fatty ester is selected from the group consisting of methyl

Using a cake-formation time of 15 seconds and a drying time

oleate. rac-glycerol monooleate. and ethylene glycol

EXAMPLE6

of one minute. the moisture contents were determined for
monooleate.
samples dewatered with and without the addition of butanol
4. The method of claim 1 wherein said combining step
solutions containing EGMO (8% by weight). For the Pocaincludes the step of selecting said particulate in said moist
hontas No. 3 sample. the moisture content was reduced from
particulate solution to have a diameter of less than three
37.6% (without dewatering aid) to 16.3% with the addition
inches.
of 1.6 lbs EGMO per ton of coal on a dry basis. The moisture
5. The method of claim 4 wherein said particulate is
20
content of the Pittsburgh No. 8 sample was reduced from
selected to have a diameter of less than 10 mm.
41.8% (without dewatering aid) to 23% when 2.8 lbs/ton
6. The method of claim 1 wherein said combining step
EGMO was added.
includes the step of selecting said particulate in said moist
particulate solution to be selected from the group consisting

EXAMPLE7
25

Lead and zinc sulﬁde concentrates (325 X0 mesh) obtained
from batch laboratory ﬂotation tests were subjected to
dewatering tests. These concentrates were obtained from a
Red Dog ore. Alaska. The concentrate sample was dispersed
in water at 10% solids. A butanol solution containing EGMO
(8% by weight) was added to the mineral slurry and agitated
for one minute. The slurry was then subjected to vacuum

selected to be coal.
8. The method of claim 1 wherein said step of removing
water includes the step of directing a gaseous ﬂuid across
surfaces of said particulates.
9. A method for dewatering moist particulates. comprising
the steps of:
combining polymethylhydrosiloxane having a chemical

ﬁltration at 20 psi using a Buchner ﬁltering funnel with a ﬁne
ﬁlter paper (2.5 mm). A drying time of one minute after
drainage was used for these tests. Table 4 shows the results
35

obtained with different amounts of EGMO added. In the
baseline tests (no dewatering aid added). the moisture con-

tent obtained was 16.6% for the zinc concentrate and 17.6%
for the lead concentrate. When EGMO is added. the moisture content is reduced to as low as 9.9% and 9.13% for the
zinc and lead concentrates. respectively.
TABLE 4
EGMO Dosage

% Moisture

45
(Lbs/ton)

Zine Cone.

Lead Cone.

0

16.6

17.6

0.14

14.1

14.7

0.6

13.3

12.5

1.1
2.8
4.3

11.9
10.7
9.9

11.5
10.0
9.1

of coals. clays. sulﬁde minerals. phosphates. metal oxide
minerals. metals. industrial minerals. and waste materials.
7. The method of claim 6 wherein said particulate is

formula of (CH3)3SiO((CH3)HSiO)nSi(CH3)3. where n
is a number such that the molecular weight of said
polymethylhydrosiloxane is less than 100.000. with a
moist particulate solution comprised of 1—99% by
weight water and 1—99% by weight particulate to form
a treated combination. said polymethylhydrosiloxane
increasing a contact angle between water and a surface
of a particle in said moist particulate solution;
agitating said treated combination to distribute said polymethylhydrosiloxane on surfaces of said particulates in
said treated combination; and
mechanically removing water from said surfaces of said

moist particulates to produce dry particulates.
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10. The method of claim 9 wherein said combining step
includes the step of selecting said particulate in said moist
particulate solution to have a diameter of less than three
inches.
11. The method of claim 10 wherein said particulate is
selected to have a diameter of less than 10 mm.

12. The method of claim 9 wherein said combining step
While the invention has been described in terms of its
preferred embodiments. those skilled in the art will recog- 55 includes the step of selecting said particulate in said moist
particulate solution to be selected from the group consisting
nize that the invention can be practiced with modiﬁcation
of coals. clays. sulﬁde minerals. phosphates. metal oxide
within the spirit and scope of the appended claims.
We claim:
1. Amethod for dewatering moist particulates. comprising
the steps of:
combining a mono-unsaturated fatty ester with a carrier
solvent and a moist particulate solution comprised of
1—99% by weight water and 1—99% by weight particulate to form a treated combination. said mono—
unsaturated fatty ester comprising less than 10% by 65
weight of said treated combination. said mono—
unsaturated fatty ester increasing a contact angle

minerals. metals. industrial minerals. and waste materials.
13. The method of claim 12 wherein said particulate is
selected to be coal.
14. The method of claim 9 wherein said step of removing
water includes the step of directing a gaseous ﬂuid across

surfaces of said particulates.
15. A method for dewatering moist particulates. comprising the steps of:
combining a hydrophobizing reagent with a carrier sol—
vent and a moist particulate solution comprised of

5,670,056
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11
1-99% by weight water and 1—99% by weight particu—
late to form a treated combination. said hydrophobizing
agent being a fatty ester and comprising less than 10%
by weight of said treated combination;
agitating said treated combination to distribute said
hydrophobizing reagent on surfaces of said particulates
in said treated combination. said hydrophobizing
reagent increasing a contact angle between water and a

22. A method for dewatering moist particulates. comprising the steps of:
combining a hydrophobizing reagent having an HLB
value less than 10 that is a fatty ester with a moist
particulate solution comprised of 1—99% by weight
water and 1—99% by weight particulate to form a
treated combination. said hydrophobizing reagent com-

prising less than 10% by weight of said treated com-

surface of a particle in said moist particulate solution to
bination;
10
greater than 65°; and
removing water from said surfaces of said moist particulates to produce dry particulates.
16. The method of claim 15 wherein said hydrophobizing
reagent has an HLB value of less than 10.
17. The method of claim 15 wherein said contact angle is 15
greater than 80°.
18. The method of claim 15 wherein said removing step
is performed by a mechanical process selected from the

group consisting of centrifugation. ﬁltration. and application

dispersing said hydrophobizing reagent throughout said
treated combination to coat surfaces of said particulates
in said treated combination. said hydrophobizing
reagent increasing a contact angle between water and a
surface of a particle in said moist particulate solution to
greater than 65°; and

removing water from said surfaces of said moist particu—
lates to produce dry particulates.
23. The method of claim 22 wherein said contact angle is

20
of gas pressure.
greater than 80°.
19. The method of claim 15 further comprising the step of
24. The method of claim 22 wherein said removing step
selecting said particulate in said moist particulate solution
achieves a moisture content for said dry particulates of less
from the group consisting of coals and sulﬁde minerals.
than 20%.
20. The method of claim 15 wherein said removing step
25. The method of claim 22 wherein said removing step
achieves a moisture content for said dry particulates of less 25 is performed by a mechanical process selected from the
than 20%.
group consisting of centrifugation, ﬁltration. and application
21. The method of claim 15 wherein said removing step
of gas pressure.

achieves a moisture content for said dry particulates of less
than 10%.
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