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(54) PROCESS AND APPARATUS FOR REFINING SAND

(57) A process for refining sand for use as frac sand
comprising the steps of passing the sand through a first
fines separation stage to remove fine particles of con-
taminant from the sand, reducing the water content of
the sand to less than 20%, passing the sand into an at-
trition scrubber unit containing moving blades to delam-

inate clay and other contaminants from the sand grains,
passing the sand from the attrition scrubber unit through
a second fines separation stage to separate fine contam-
inants from the sand and dewatering the resulting sand
product in a further dewatering stage.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a process and appara-
tus for refining sand and in particular to a process and
apparatus for refining frac sand.

BACKGROUND OF THE INVENTION

[0002] "Frac sand" is a high-purity silica sand with very
durable and very round grains. It is a crush-resistant ma-
terial produced for use by the petroleum industry. It is
used in the hydraulic fracturing process (known as "frack-
ing") to produce petroleum fluids, such as oil, natural gas
and natural gas liquids from rock units that lack adequate
pore space for these fluids to flow to a well.
[0003] Some subsurface rock formations, such as or-
ganic shale, contain large amounts of oil, natural gas or
natural gas liquids that will not flow freely to a well. They
will not flow to a well because the rock unit either lacks
permeability (interconnected pore spaces) or the pore
spaces in the rock are so small that these fluids can not
flow through them.
[0004] The hydraulic fracturing process solves this
problem by generating fractures in the rock. This is done
by drilling a well into the rock, sealing the portion of the
well in the petroleum-bearing zone, and pumping water
under high pressure into that portion of the well. This
water is generally treated with a chemicals and thicken-
ers such as guar gum to create a viscous gel. This gel
facilitates the water’s ability to carry grains of frac sand
in suspension.
[0005] Large pumps at the surface increase the water
pressure in the sealed portion of the well until it is high
enough to exceed the breaking point of the surrounding
rocks. When their breaking point is reached, the rocks
fracture suddenly and water rushes rapidly into the frac-
tures, inflating them and extending them deeper into the
rock. Billions of sand grains are carried deep into the
fractures by this sudden rush of water. A few thousand
tons of frac sand may be required to stimulate a single
well. When the pumps are turned off, the fractures deflate
but cannot close completely because they are propped
open by the frac sand. This only occurs if enough sand
grains to resist the force of the closing fractures have
been delivered into the rock.
[0006] The new fractures in the rock, propped open by
the durable sand grains, form a network of pore space
that allows petroleum fluids to flow out of the rock and
into the well. Frac sand is known as a "proppant" because
it props the fractures open.
[0007] Frac sand must meet very demanding specifi-
cations. Frac sand must usually comprise high-purity sil-
ica sand with a specific grain size perfectly matched to
job requirements, with a spherical shape that enables it
to be carried in hydraulic fracturing fluid with minimal tur-
bulence, along with a durability to resist crushing forces

of closing fractures. Frac sand is produced in a range of
sizes from as small as 0.1mm in diameter to over 2mm
in diameter depending upon customer specifications.
Most of the frac sand used is between 0.4 and 0.8 mm
in size.
[0008] Frac sand specifications are the responsibility
in the USA of the American Petroleum Institute (API) and
the current standard is API RP 56. These specifications
are very demanding and, as a result, suitable deposits
are limited. The limited availability of natural reserves
which are suitable for frac sand production coupled with
growing demand ensures a high price for any producers
able to meet the API RP 56 frac sand specifications.
[0009] Frac sand is not used straight from the ground.
It requires processing or refining to optimize its perform-
ance. After mining, the sand is cleaned in washing plant
to remove clay, silt and other fine contaminants. After
washing, the sand is typically stacked in piles to allow
the wash water to drain off. This operation is usually done
outdoors and is restricted to times of the year when tem-
peratures are above freezing. After the sand is drained,
it is typically placed in an air dryer to remove all moisture.
The dry grains are then screened to obtain specific size
fractions for different customers. Sand that is not suitable
for fracking may be separated and sold for other uses.
[0010] Some sand refining plants are located at the
mine site. However, known sand refining plants are very
expensive and time consuming to build and are usually
very large. Therefore they are therefore often shared by
multiple mines. These plants are therefore often centrally
located to several mines and the sand is delivered to the
plant by truck, train or conveyer.
[0011] An object of the present invention is to provide
a cost effective portable frac sand refining process and
apparatus that can be readily installed at the mine/quarry
site and which can be containerised for transportation to
site.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the present inven-
tion there is provided A process for refining sand for use
as frac sand comprising the steps of passing the sand
through a first fines separation stage to remove fine par-
ticles of contaminant from the sand, reducing the water
content of the sand to less than 20%, passing the sand
into an attrition scrubber unit containing moving blades
to delaminate clay and other contaminants from the sand
grains, passing the sand from the attrition scrubber unit
through a second fines separation stage to separate fine
contaminants from the sand and dewatering the resulting
sand product in a further dewatering stage.
[0013] Said first and/or said second fines separating
stages may be carried out in a respective hydro-cyclone
unit. The or each hydro-cyclone unit may comprise mul-
tiple cyclones arranged in parallel to one another.
[0014] Preferably the water content of the sand down-
stream of the first fines separation stage is reduced by
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means of a first dewatering screen. Said further dewa-
tering stage may be carried out on a second dewatering
screen.
[0015] The process may comprise a first step of grad-
ing the sand to remove oversize material from the sand
on a vibratory screen having an apertured deck upstream
of said first fines separation stage. The step of grading
the sand may remove material having a particle size of
greater than 2mm.
[0016] In one embodiment the process may comprise
the further comprising the step of controlling the water
content of the sand upstream of the attrition scrubber unit
such that the sand entering the attrition scrubber unit has
a water content of between 20% and 25%. The water
content of the sand may be controlled by determining the
water content of the sand and adding water to the sand
to achieve the required water content. The water content
of the sand may be determined by monitoring the torque
demand of the attrition scrubber unit.
[0017] The sand may pass into a counter flow classi-
fication unit upstream of the second fines separation
stage, wherein an upwards flow of water separates par-
ticles smaller than 200mm from the sand, the sand prod-
uct settling in the bottom of the counter flow classification
unit, the sand being removed from the bottom of the coun-
ter flow classification unit before being passed into said
further dewatering stage.
[0018] According to a further aspect of the present in-
vention there is provided an apparatus for refining sand
for use as frac sand comprising an elongate chassis, a
first fines separating device being mounted on the chas-
sis for separating fine material from the sand, a first de-
watering screen being mounted on the chassis adjacent
to and downstream of the first fines separating device for
receiving sand therefrom, an attrition scrubber unit being
mounted on the chassis adjacent to and downstream of
the first dewatering screen, said attrition scrubber unit
receiving sand from the first dewatering screen, said at-
trition scrubber unit containing a plurality of moving
blades adapted to delaminate clay and other contami-
nants from the sand grains as the sand passes through
the attrition scrubber unit, a second fines separating de-
vice, a second dewatering screen being provided on a
second end of the chassis, opposite said first end, for
receiving the sand product from the second fines sepa-
rating device to dewater the sand product.
[0019] Preferably the first fines separating device com-
prises a first hydro-cyclone unit.
[0020] Preferably the second fines separating device
comprises a second hydro-cyclone unit.
[0021] The first and/or the second hydro-cyclone units
may comprise multiple cyclones having a common inlet
manifold, and common outlet manifolds.
[0022] The second fines separating device may further
comprise a classifier unit being mounted on the chassis
for receiving sand from the second hydro-cyclone unit
for further separating fine contaminants from the sand
[0023] Preferably the classifier unit is mounted on the

chassis beneath the second hydro-cyclone unit. The
classifier unit may comprise a counter flow classification
unit comprising at least one tank into which the sand is
introduced downstream of the second hydro-cyclone
unit, an upward flow of water being passed into a lower
region of the at least one tank at a predetermined velocity
to lift fine particles up into an overflow weir of the tank,
the sand product settling and being collected in a lower
region of the tank. In a preferred embodiment the clas-
sifier unit comprises two or more counter flow classifica-
tion units mounted side by side on the chassis.
[0024] The apparatus may further comprise a grading
screen mounted on a first end of the chassis for removing
oversize material from the sand upstream of said first
fines separating device. A pump may be provided for
pumping sand, entrained in a flow of water, from a sump
of the grading screen into the first fines separating device.
[0025] A control device may be provided for controlling
the water content of the sand upstream of the attrition
scrubber unit such that the sand entering the attrition
scrubber unit has a water content of between 20% and
25%. The control device may determine the water con-
tent of the sand downstream of the first dewatering
screen and adds water to the sand to achieve the required
water content. The control device may determine the wa-
ter content of the sand by monitoring the torque applied
the attrition scrubber unit.
[0026] The chassis may be separable into two or more
elongate sections to allow the apparatus to be contain-
erised for transportation to the site.
[0027] The components of the various stages of the
apparatus may be mounted on and may be spread along
the length of the chassis, minimising the distance the
sand has to be moved between each stage.
[0028] Preferably the various components of the ap-
paratus are located at substantially the same height
along the length of the chassis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A frac sand refining apparatus and method will
now be described, by way of example only, with reference
to the accompanying drawings, in which :-

Figure 1 is a perspective view of an apparatus for
refining frac sand in accordance with an embodiment
of the present invention;
Figure 2 is a side view of the apparatus of Figure 1;
Figure 3 is a plan view of the apparatus of Figure 1;
Figure 4 is a longitudinal sectional view through the
apparatus of Figure 1;
Figure 5 is a detailed plan view of the attrition cell
cluster of the apparatus of Figure 1; and
Figure 6 is a longitudinal sectional view through one
bank of cells of the attrition cell cluster of Figure 5.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0030] As illustrated in the drawings, a frac sand refin-
ing apparatus in accordance with an embodiment of the
present invention comprising an elongate chassis 2 upon
which the various stages of the refining apparatus are
mounted. The chassis 2 may be separable into two or
more sections to allow the apparatus to be containerised
for transportation to the site. The components of the var-
ious stages of the apparatus are mounted on and are
spread along the length of the chassis 2, minimising the
distance the sand has to be moved between each stage.
Furthermore, the various stages of the apparatus are lo-
cated at substantially the same height along the length
of the chassis 2, reducing pumping loads compared to
prior art plants, where sand and water typically have to
be pumped to considerable height as they are transferred
between different stages of the refining operation.
[0031] In a first stage, material is loaded onto a lower
end of an upwardly inclined feed conveyor 4 provided at
a first end of the chassis 2, comprising a belt conveyor,
and is delivered onto an inclined vibrating grading screen
10 located on the first end of the chassis 2 beneath the
feed conveyor 4. The feed material is screened by the
grading screen 10 into an oversize (waste product), pass-
ing off a lower end of the grading screen 10 to be delivered
into a hopper or skip or onto a belt conveyor located be-
neath the feed conveyor 4 at the first end of the chassis
2. The undersize material (i.e. the sand product) passes
through apertures in the deck of the grading screen 10
to be collected beneath the deck of the screen in a sump.
Typically the cut point of this first stage may be approx-
imately 2mm (i.e. the screen deck having 2mm apertures)
to enable 250 tons per hour of material to pass through
the 2mm apertures of the screen deck, whereby the over-
size material having a particle size greater than 2mm is
removed from the sand product. It is envisaged that decks
having a smaller aperture size may be used where a
smaller grain size if required. In one embodiment the
screen deck may be 1.8 metres wide and 8 metres in
length.
[0032] In a second stage, the product from the grading
screen 10 is pumped from the sump of the grading screen
10, preferably using a centrifugal slurry pump and rubber
lined pipework, to a first set of hydro-cyclones 20. The
first set of hydro-cyclones 20 perform a separation proc-
ess, typically removing very fine particles of sand and
contaminants (e.g. clay & organics), as well as dewater-
ing the product. The cut point of the second stage may
be in the region of 63-75mm. The hydro-cyclones 20 will
also increase the concentration (i.e. reduce the water
content) of the product by removing water as well as con-
taminants to facilitate the next stage of the process. Typ-
ical the underflow of the first set of the hydro-cyclones
20 is in the region of 1000 g/l. As shown in the drawings,
the first set of hydro-cyclones 20 may comprise four cy-
clone arranged in adjacent pairs, fed from a common
manifold and delivering an underflow and overflow to re-

spective common outlet manifolds.
[0033] The third stage of the process is a dewatering
stage, wherein the product from the first set of hydro-
cyclones 20 is delivered onto a first vibratory dewatering
screen 30 mounted on the frame 2 adjacent the first set
of hydro-cyclones 20. The first set of hydro-cyclones 20
are mounted above a feed end of the first dewatering
screen 30 such that the underflow of the hydro-cyclones
20 may be delivered onto the dewatering screen 30 by
gravity.
[0034] A linear reciprocating force is applied to the first
dewatering screen 30, via a pair of counter rotating ec-
centric masses as is known in the art, at a desired stroke
and at a set frequency. This reciprocating motion of the
screen 30 effectively shakes the excess water from the
product, through small holes in the deck of the screen,
reducing the moisture content of the product down to
about 15%.
[0035] In a fourth stage, the product (sand) from the
first dewatering screen 30 is then discharged from a dis-
charge end of the screen and is subsequently gravity fed
(or alternatively pumped) into an attrition cell cluster 40
mounted on the frame 2 adjacent and downstream of the
first dewatering screen 30. The attrition cell cluster 40
comprises a plurality of attrition scrubber cells (up to 8)
arranged in series, each containing rotating blades which
force sand grains against each other, resulting in intense
scrubbing, polishing and disintegration of the sand, dela-
minating clay, graphite and other contaminants from the
sand grains.
[0036] Figures 5 and 6 illustrate the attrition cell cluster
40 in more detail. As can be seen from Figure 5, the
attrition cell cluster comprises 8 cells 42 arranged in two
banks of four, each cell 42 having a drive motor 44 mount-
ed at an upper end and containing a vertically extending
drive shaft 46 having a plurality of blades or vanes 48
mounted thereon. The drive motors 44 rotate the drive
shafts 46 and thus move the blades 48 through the sand
slurry contained within each cell 42. Openings 49 are
provided between the cells 42 in each bank at alternating
between upper and lower ends of the adjacent cells so
that sand must pass through all of the cells 42 of each
bank of cells in series, preferably passing vertically
though each cell between the openings 49.
[0037] The water content of the product entering the
attrition cell cluster 40 is carefully controlled to obtain a
water content of 20% to 25% (adding water to the product
to achieve the desired water content) to ensure optimum
operation of the attrition cell cluster. This may be
achieved by monitoring the torque load applied to the
blades 48 by the drive motor 44 of the upstream most
cell 42 of the attrition cell cluster 40 and adding water as
necessary to achieve the optimum water content, result-
ing in maximum attrition of the sand. The attrition cell
cluster 40 will remove all surface contamination off the
sand grains. The water content may be controlled by
means of a PLC (programmable logic controller), moni-
toring the torque of the motor 44 and controlling a mo-
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torised or pneumatically operated valve to add water into
the cell 42 as required.
[0038] The product discharged from the attrition cell
cluster 40 is fed into a sump or tank 42 mounted in the
frame adjacent and downstream of the attrition cell clus-
ter 40 . Fresh water is added to the sand in the sump 42
to achieve the correct concentration for a subsequent
pumping process (typically 350g/l). A centrifugal slurry
pump may be then used to feed the product into a second
set of hydro-cyclones 50.
[0039] The second set of hydro-cyclones 50 perform
another separation process in a fifth stage of the refining
process, removing the very fine material (clay and other
contaminants) separated from the sand grains in the at-
trition process. As shown in the drawings, the second set
of hydro-cyclones 50 may also comprise an arrangement
of four cyclones arranged in pairs, fed from a common
manifold and delivering material to common outlet man-
ifolds above and below the cyclones.
[0040] In a sixth stage, the underflow of the second set
of hydro-cyclones 50 is fed into two (or more) counter
flow classification units (CFCUs) 60A,60B upon which
the second set of hydro-cyclones 50 are mounted. As
shown in the drawings, each pair of hydro-cyclones 50
of the second set of hydro-cyclones 50 may feed a sep-
arate CFCU, the CFCUs 60A,60B being mounted side
by side on the chassis 2 to maximise classification of the
product without increasing the width of the apparatus.
The CFCUs 60A,60B may separate particles smaller
than 100um or 200um from the product, the cut point
possibly varying from customer to customer to suit cus-
tomer requirements.
[0041] In each CFCU 60A,60B the product is passed
into a tank, wherein an upward flow of water is pumped
into a lower region of the tank at a predetermined velocity
(typically 8-10mm/s) to lift finer particles up into an over-
flow weir of the tank. Larger particles will want to settle
in the tank, sinking to the bottom of the tank.
[0042] Using pressure transducers, the ’teeter bed’ in-
side the tank of each CFCU can be determined, then,
using this signal, a PLC can control the operation of an
outlet valve, such as a modulating outlet pinch valve, at
the bottom of each tank to maintain the level of this teeter
bed. Using these controls a consistent level of separation
can be performed. The overflow from each CFCU tank,
comprising water contaminated with clay and other fine
materials separated from the sand product, may be piped
to a further process, such as a further cyclone separator
and or dewatering screen, to allow the water to be recy-
cled.
[0043] The underflow (product) of the tank of each
CFCU is transferred to a seventh stage, comprising a
further dewatering screen 70, removing excess water
from the sand product, which may then be discharged
onto a stockpile conveyor.
[0044] The invention is not limited to the embodi-
ment(s) described herein but can be amended or modi-
fied without departing from the scope of the present in-

vention.

Claims

1. A process for refining sand for use as frac sand com-
prising the steps of passing the sand through a first
fines separation stage (20) to remove fine particles
of contaminant from the sand, reducing the water
content of the sand to less than 20%, passing the
sand into an attrition scrubber unit (40) containing
moving blades (48) to delaminate clay and other con-
taminants from the sand grains, passing the sand
from the attrition scrubber unit through a second
fines separation stage (50) to separate fine contam-
inants from the sand and dewatering the resulting
sand product in a further dewatering stage.

2. A process as claimed in any preceding claim, further
comprising the step of controlling the water content
of the sand upstream of the attrition scrubber unit
(40) such that the sand entering the attrition scrubber
unit (40) has a water content of between 20% and
25%.

3. A process as claimed in claim 2, wherein the water
content of the sand is controlled by determining the
water content of the sand and adding water to the
sand to achieve the required water content.

4. A process as claimed in claim 3, wherein the water
content of the sand is determined by monitoring the
torque demand of the attrition scrubber unit (40).

5. A process as claimed in any preceding claim, where-
in the sand is passes into a counter flow classification
unit (60A,60B) upstream of the second fines sepa-
ration stage (50), wherein an upwards flow of water
separates particles smaller than 200mm from the
sand, the sand product settling in the bottom of the
counter flow classification unit (60A,60B), the sand
being removed from the bottom of the counter flow
classification unit before being passed into said fur-
ther dewatering stage (70).

6. A process as claimed in any preceding claim, com-
prising a first step of grading the sand to remove
oversize material from the sand on a vibratory screen
(10) having an apertured deck upstream of said first
fines separation stage, wherein the step of grading
the sand removes material having a particle size of
greater than 2mm.

7. An apparatus for refining sand for use as frac sand
comprising an elongate chassis (2), a first fines sep-
arating device (20) being mounted on the chassis
for separating fine material from the sand, a first de-
watering screen (30) being mounted on the chassis
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adjacent to and downstream of the first fines sepa-
rating device for receiving sand therefrom, an attri-
tion scrubber unit (40) being mounted on the chassis
adjacent to and downstream of the first dewatering
screen, said attrition scrubber unit receiving sand
from the first dewatering screen (30), said attrition
scrubber unit (40) containing a plurality of moving
blades (48) adapted to delaminate clay and other
contaminants from the sand grains as the sand pass-
es through the attrition scrubber unit (40), a second
fines separating device (50), a second dewatering
screen (70) being provided on a second end of the
chassis (2), opposite said first end, for receiving the
sand product from the second fines separating de-
vice (50) to dewater the sand product.

8. An apparatus as claimed in claim 7, wherein the first
and second fines separating devices (20,50) com-
prises first and second hydro-cyclone units respec-
tively.

9. An apparatus as claimed in claim 8, wherein the first
and/or the second hydro-cyclone unit (20,50) com-
prises multiple cyclones having a common inlet man-
ifold, and common outlet manifolds.

10. An apparatus as claimed in claim 8 or claim 9, where-
in the second fines separating device further com-
prises a classifier unit (60A,60B) being mounted on
the chassis (2) for receiving sand from the second
hydro-cyclone unit (50) for further separating fine
contaminants from the sand

11. An apparatus as claimed in claim 10, wherein the
classifier unit (60A,60B) comprises a counter flow
classification unit comprising at least one tank into
which the sand is introduced downstream of the sec-
ond hydro-cyclone unit, an upward flow of water be-
ing passed into a lower region of the at least one
tank at a predetermined velocity to lift fine particles
up into an overflow weir of the tank, the sand product
settling and being collected in a lower region of the
tank.

12. An apparatus as claimed in any of claims 7 to 11,
further comprising a grading screen (10) mounted
on a first end of the chassis (2) for removing oversize
material from the sand upstream of said first fines
separating device (20).

13. An apparatus as claimed in claim 12, wherein a pump
is provided for pumping sand, entrained in a flow of
water, from a sump of the grading screen (10) into
the first fines separating device (20).

14. An apparatus as claimed in any of claims 7 to 13,
wherein a control device is provided for controlling
the water content of the sand upstream of the attrition

scrubber unit (40) such that the sand entering the
attrition scrubber unit has a water content of between
20% and 25%.

15. An apparatus as claimed in claim 14, wherein the
control device determines the water content of the
sand by monitoring the torque applied to the blades
(48) of the attrition scrubber unit (40) and controls
the water content of the sand by adding water to the
sand to achieve the target water content.
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