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BIOCHAR PRODUCTS AND METHOD OF MANUFACTURE THEREOF

TECHNICAL FIELD

[0001]

The present invention relates to a biochar or charcoal
product and methods of producing the biochar product

which incorporates different additives.

BACKGROUND

[0002]

[0003]

[0004]

Biochar is a highly porous carbonized material that
can be found on the soil after a forest has burned.
The porous nature of biochar and other charcoal
products has been found to provide a habitat for
beneficial microbes that absorb toxins in the soil and
convert organic detritus into useful materials for the

growth of nascent plants.

Synthetic charcoal products and biochar can be made on
an industrial scale by burning wood chips and other
cellulosic materials in an oxygen deficient
atmosphere. Biochar in particular has a remedial
benefit on the soil due mainly to the highly porous
nature of the charcoal it contains. These pores are
able to absorb toxic metals and accommodate beneficial
microbes that feed on the remaining organics, leaving

the soil fit for plant growth.

Synthetic biochar is made and traded worldwide. It is
used mainly for soil remediation and improved plant
growth. Early manufacturing processes were
essentially based upon those for making pure charcoal.

The feedstock can be any cellulose containing material
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[0005]

[0006]

that will breakdown under anoxic conditions to produce
charcoal. Wood chips are preferred. Although the
cellulose in the wood decomposes mainly to carbon and
water, at high temperatures, a side reaction converts
some charcoal into biogases and bioligquids. As biochar
is not a pure charcoal, it is sold at a lower price.
The reaction by-products reduce the value further, as

they are only marketable as cheap fuel.

The particles of synthetic biochar may be distributed
on the soil with equipment used for other agricultural
products, such as plant seed and pelletized
fertilizer. However, since the charccal in the
biochar is somewhat friable, distribution using
conventional agriculture eqgquipment creates hazardous
dust, and loss of useful product. Furthermore, the
low bulk density and lack of particle sizing control
of the biochar causes separation of any blend of
biochar and plant seed and/or commercial fertilizer
during handling and distribution. To overcome this
problem, methods have been developed to protect the
biochar particles with a layer of an inert ceramic
material. This approach has been found to minimize
product breakdown and increase bulk density. As the
ceramic coating needs to be sintered at high
temperature, undesirable by-products are formed at the
expense of some of the charcoal. Also, the inert
coating simply disintegrates into small particles that

remain in the soil.

It should be noted that biochar may also be used in
other industries. Biodiesel for sale as
transportation fuel in Canada and the United States

must meet strict quality guidelines (CAN/CGSB-3.524-
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[0007]

SUMMARY

[0008]

2011 in Canada and ASTM 6751 in the U.S.). Biodiesel
must have low water and glycerol content. Often
biodiesel manufacturers must use post-manufacturing
desiccants and absorptive resins to remove unwanted
contaminants before the gquality of the biodiesel is
sufficient for sale. This is sometimes referred to as
“polishing.” A biochar-based polishing agent would be
advantageous because it 1s environmentally benign
unlike some polymeric polishing agents. Thus, disposal
0of the bio-based based agent after polishing may be
seen as having less of a negative impact. Because
biochar is dusty and comprised of small particles that
would contaminate the biodiesel, using un-pelleted
biochar is not an option to absorb unwanted ligquid
contaminants such as water from transportation fuel.
However, if biochar is densified into pellets that are
robust and non-dusty, the product can be used as a
polishing agent without introducing further

contamination.

A biochar product that can be used as noted above
would therefore be advantageous. Not only that, but a
process for producing such a product, with mechanical
properties that allow its use in the biodiesel

industry, would also be advantageous and desirable.

The present invention provides a method for producing
biochar particles or pellets which use different
additives as binders for the biochar pellets. The
method includes producing a mixture with biochar and

additives selected from bentonite clay,
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[0009]

[0010]

nanocrystalline cellulose (NCC), polyvinyl acetate,
and sodium borate. The mixture is created by mixing
one or more of the additives with charcoal. The
mixture is then processed in a pelletizer device.
While processing, the surface of the mixture is
sprayed with a liguid. Once turned into pellets by
way of the pelletizer device, the resulting pellets
are then dried by applying heat to the pellets. The
liguid can be water or a solution of water and sodium
borate. Alternatively, a polyvinyl acetate solution

can be added to the mixture.

In a first aspect, the present invention provides a
charcoal product comprising a porous charcoal pellet
having at least one additive selected from a group
comprising bentonite clay, nanocrystalline cellulose,

polyvinyl acetate, and sodium borate.

In a second aspect, the present invention provides a
method for producing charcoal pellets, the method

comprising:

a) mixing charcoal with at least one additive to

result in a mixture;

b) processing said mixture in a pelletizer device
which forces said mixture to tumble and to form

pellets;

c) spraying said mixture with a liquid while said
mixture is being processed in said pelletizer

device; and

d) heating said pellets to dry said pellets.



WO 2017/059536 PCT/CA2016/051164

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

The embodiments of the present invention will now be
described by reference to the following figures, in
which identical reference numerals in different

figures indicate identical elements and in which:

FIGURE 1 is a photograph of the resulting charcoal

pellets using PVA as a binder;

FIGURE 2 is a photograph of the resulting charcoal

pellets using bentonite clay as a binder; and

FIGURE 3 is a photograph of the resulting charcocal
pellets according to the process detailed as Example

9.

DETAILED DESCRIPTION

[0012]

[0013]

The present invention, in one embodiment, provides a
biochar or charcoal product having a binding agent
which may be bentonite, nanocrystalline cellulose, or
polyvinyl acetate. The binding agents and the methods
disclosed are low-energy and inexpensive routes for
obtaining a desirable product and do not require

specialized eqguipment.

It should be clear that the term “biochar” as used in
this document means charcoal sourced from cellulose-
based feedstock and is for use in improving soils.
However, for the purposes of the present invention,
the terms biochar and charcoal are used
interchangeably and the term “biochar” should not be

taken to limit the scope of the invention.
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[0014]

[0015]

To obtain the charcoal for use in the production of
the biochar or charcoal products of the invention, it
is preferred to use charcoal with a uniform sizing of
charcoal particles. Unactivated charcocal made from
pine wood chips was purchased and presented with a
wide variety of particles sizes and moisture content
percentages. Charcoal preparation is critical to
efficient pelleting regardless of the additives or
methodology, and it was found that a uniform
distribution of charcoal particles , which required a
dryving, sizing and sorting preparation process, was
most useful. A Unotec™ silage mixer with three
horizontal mixing augers was modified to have three 27
collars welded to the bottom where heated air was
forced through a manifold using a 1.5hp Keho™ Dblower.
This system enabled up to 6 yards of charcoal to be
mixed and dried over the course of 2-3 days of

continuous operation.

The dried charcoal was then fed into a Buskirk
Engineering HM1000™ hammer mill for particle
reduction; charcoal that was too wet plugged the
system, while insufficient processing occurred if the
charcoal was too dry. It was found that drying process
must be tightly controlled to ensure that the charcoal
moisture content (percent based on weight) was between
5% and 11%. A Sweco LS 24™ geparator was used for size
sorting in combination with an Oneida™ 2hp cyclone
creating a negative pressure throughout the system.
The undersized particles can be incorporated with the
pelleting mix to avoid waste, whereas the oversized

particles must be recycled through the hammer mill.
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[0016]

[0017]

A pelletizer device is used for mixing biochar or
charcoal with an appropriate additive which acts as a
binding or adhesion agent. The mixture is then
aggregated in a rotating pelletizer device. In one
implementation, the pelletizer device is a rotating
drum with an adjustable drum angle. The bottom of the
drum has a rough textured surface that pulls the
mixture up and around. As the mixture is tumbled
repeatedly through the drum, the mixture starts to
stick together in small particles which then glomerate
or aggregate into larger and rounder pellets. The
drum angle can be set to different angles from
horizontal. The Agglo-Miser™ device manufactured by

Mars Minerals was used in one implementation.

According to one aspect of the invention, NCC
(nanocrystalline cellulose) can be used as one of the
binders for the biochar pellets. NCC 1is pure
cellulose in crystalline form that is rod shaped, 1-
100nm in diameter and 10-200 nm in length and
characterized as one of the strongest and stiffest
natural materials available. NCC i1s biodegradable and
non-toxic with unique properties in suspension such as
self-assembly that make it a suitable candidate for
biocomposites and binders. NCC has been found to
improve the strength of some glues, including
polyvinyl acetate (PVA) used in engineering wood
products. This is thought to be a consequence of NCC
dispersion and self-assembly in a PVA suspension. The
outcome of these trials whereby NCC was added to
charcoal and bentonite clay mixture illustrate how it
may improve the adsorbtion qualities of the final
product to yield a dense, durable high quality pellet.

An optimal mixture using a PVA/NCC could be blended

- 7 -
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[0018]

[0019]

[0020]

[0021]

with a host of other additives to produce low-cost
pellets that are durable encugh to be handled using
industrial eguipment and to resist deterioration under
a number of different applications, including ligquids

filtration.

It should be noted, for clarity, that nanocrystalline
cellulose is produced after acid hydrolysis of market
pulp as a source of cellulose and then refined during

a centrifuge/filtration process.

In one implementation of the present invention, cat
litter was used as a source of bentonite clay. This
impure bentonite is a mix of mostly calcium bentonite,
some sodium bentonite and other contaminants. To use
the cat litter for this invention, the cat litter was
ground and sieved to a maximum size of 1 mm to remove
any large contaminating foreign matter such as
prebbles. It should be noted that, for the purposes of
this invention, the term “bentonite” and “bentonite
clay” 1is to include sodium bentonite, calcium
bentonite, other types of bentonite, and any mixtures

thereof.

When charcoal is to be used with bentonite, ground
charcoal is mixed with a desired amount of bentonite
and enough water to eliminate dust, but not to become
noticeably wet. Pre-wetting reduced charcoal dust and
improved pelleting performance. The pre-wetted
mixture is then sieved to 2 mm prior to pelleting and
resulted in more consistent and manageable pellet

size.

It should be noted that slowly adding a liquid such as

water as a fine mist through a paint sprayer during
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[0022]

[0023]

[0024]

pelleting was found to be another useful step in
ensuring consistent formation of small pellets. Many
short applications of water (at a pressure of
approximately 0.5 bar] were performed every few
minutes. The water was directed at the surface of the
tumbling mixture in the pelletizer. To avoid over-—
wetting, the water was allowed to thoroughly mix for a

few minutes between applications.

As will be seen in the examples below, a number of
different mixture ratios of bentonite and charcoal
were tried. However, the best results were produced

using a 2:1 ratio between bentonite and charcoal.

Bentonite clay is a preferred binder for biochar as:

- It is cheap and widely available in U.S.A. and

Canada. Bentonite is commonly used in drilling muds.

— Bentonite is a completely natural product.

— Charcoal pellets made with bentonite binder,
depending on the absorbate, could be composted or

applied to land after use.

— In addition to being an inert wvehicle for carrying
nutrients, fertilizers, etc., charcoal/bentonite
pellets can be used for a range of applications
including animal feed supplements, horticultural
growing media, solid acid catalysts, desiccants and
polishing agents, and for soil improvement and

reclamation.

Another useful additive and/or binder for
biochar/charcoal pellets is polyvinyl acetate (PVA)

and sodium borate (borax). The charcoal pellets can
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[0025]

[0026]

[0027]

be bound using a mixture of polyvinyl acetate) (PVA)
and sodium borate (borax). Borate is known to cross—
link PVA to form gels. These agqueous mixtures harden
upon loss of water. It has been found that
incorporating charcoal into cross-linked PVA/borax
mixtures allows for the formation of a cohesive
particle. This cohesive particle was found to be
amenable to forming a generally spherical particle on
random tumbling and this particle then hardens to a
hard, dustless pellet upon drying. It was found that
the PVA/borax mixture need not be formed prior to
introduction of charcoal. Indeed, from a practical
perspective, it is more advantageous to mix charcoal
into PVA solutions first, then, by introduction of
borax solution to the surface of such mixture, form

the desired pellets.

For the examples provided, the PVA solutions used were
commercial white glue. For example, the commercial
white glue used was 37.5% PVA, 62.5% water by mass. By
incorporating charcoal into PVA solutions, handling of
the charcoal is greatly improved and dust levels are
controlled. A photograph of charcoal pellets which

used PVA as a binder is provided in Figure 1.

The biochar/charcoal pellets of the present invention
can be manufactured using the various methods

disclosed below.

In one method, bentonite clay is used as a binder and
water 1s used as a texture modifier for the

biochar/charcoal. In one example only bentonite clay,
charcoal and water are used in the pelleting mixture.

In a variant, only bentonite clay, charcoal,
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[0028]

nanocrystalline cellulose and water are used for the
pelleting mixture. The pelleting is performed using a
rotating pelletizer at room temperature (approx.
20°C). The rotating drum of the pelletizer is set
between 10° and 40°, preferably at 15-25°. The pre-
moistened bentonite and charcoal mixture is loaded
into the pelletizer and the pelletizer is allowed to
rotate with the angle set such that pelleted material,
of different bulk density than unpelleted material,
migrates to the front of the pan to leave a
substantially enriched zone of pelleted material and a
substantially enriched zone of unpelleted material.
The discharge mechanism can be set so that material is
removed from the pelletizer as new, unpelleted
material is introduced. This allows for the operation
in a semi-batch mode, or the operation may occur in
batch mode. In semi-batch mode, the pelleting matter
is kept in the pelletizer such that material exits the
pelletizer in substantially “finished” pellet form.
Figure 2 is a photograph of the resulting charcoal

pellets which used bentonite as a binder.

It should be noted that water is preferably added to
the mixture in the pelletizer. 1In either batch or
semi-batch operation, water is slowly introduced to
the surface of the mixture as it is mixing using a
fine mist sprayer at low volume and low pressure,
thereby maintaining a mixing moisture level adequate
to sustain pelleting. Applied water is allowed to
homogenize or mix between applications. Excessive
moisture or excessively fast addition of water can
cause clumping and larger aggregate growth.
Conversely, inadeguate moisture results in no pellet

formation. Further, i1if the pellets are left too long

- 11 -
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[0029]

[0030]

[0031]

in the pelletizer, smaller pellets aggregate into
large, non-uniform pellets. Once the pellets are
formed, the resulting pellets can then be dried in an

oven.

In another aspect of the invention, instead of
bentonite clay, polyvinyl acetate (PVA) is used as a
binder. For this wvariant of the invention, PVA and
water are mixed with charcoal to form a paste. The
paste is then sieved and then placed in a rotating
pelletizer. As the paste 1s pelletized, a mixture of
water and sodium borate (borax) is sprayed on to the
paste. The resulting pellets are then dried in an

oven for approximately 24 hours.

The following are examples of implementations of the
variants of the present invention. The following
examples should be taken as illustrative and not an
exhaustive or as limiting to the scope of the present

invention.

Example 1: 300 g of bentonite clay and 150 g of pre-
prepared charcoal are mixed and then loaded into a
rotating pelletizer drum. The mixture is misted with
water from a low-pressure atomizer (e.g. an automobile
paint gun). A total of 275 mL of water is applied. The
mixture is mixed in the rotating drum set at an
elevation of 20° for 2 hours at room temperature
(approximately 18-21 °C), after which time the mixture
consists mainly of pellets of 1 mm — 1 cm diameter.
The pellets are removed from the drum and dried at 70
°C for 24 hours. Pellet strength varied from weak to

hard, dustless pellets.
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[0032]

[0033]

[0034]

Example 2: 200 g of bentonite clay, 100 g of prepared
charcoal and 50 g of nanocrystalline cellulose are
premixed then loaded into a rotating pelletizer drum.
The mixture is misted with water from a low-pressure
atomizer (e.g. an automobile paint gun). A total of
275 mL water is applied. The mixture is mixed in the
rotating drum set at 20° for 1 hour and ten minutes at
room temperature, then dried at 70 °C for one hour.
The mixture is then loaded back into the pelletizer
for 40 minutes after which time the mixture consists
mainly of pellets of 1 mm — 1 cm diameter. The pellets
are removed from the drum and dried at 70 °C. Pellets

are hard, angular and dustless, mainly 1 — 5 mm.

It should be noted that the nanocrystalline cellulose
was mixed with finely ground, sieved bentonite clay by
mixing in a bread dough mixer or by hand using a
mortar and pestle. Once the nanocrystalline cellulose
and the bentonite have been mixed, the resulting

mixture was combined with the charcoal.

Example 3: 400 g of bentonite and 200 g of prepared
charcoal are pre-mixed then loaded into a rotating
pelletizer drum. The mixture is misted with water from
a low-pressure atomizer (e.g. an automobile paint
gun). A total of 415 mL water is applied. The mixture
is mixed in the rotating drum for one hour and ten
minutes at room temperature, after which time the
mixture consists mainly of pellets of 1 mm — 4 mm
diameter. The pellets are then removed from the
pelletizer drum and dried at 70 °C to form dustless

pellets of moderate strength.



WO 2017/059536 PCT/CA2016/051164

[0035]

[0036]

Example 4: 300 g of prepared charcoal was placed in a
mixer and 200 mL water containing 15 g of commercial
white glue (5.65 g of PVA) was mixed in to form a
paste. The paste was sieved through a 2 mm sieve, then
introduced into the rotating pelletizer. As the
charcoal/PVA mixture mixed in the pelletizer, a
solution of borax (15 g of sodium borate in a total of
500 mL of liguid) was applied to the surface of the
mixture in short bursts using an automotive paint
spray gun using an approximate pressure of 10 psi on

the spray gun.

It should be noted that, when sodium borate is used,
slow, careful addition of the borax solution is useful
for ensuring consistent pellet formation. For this
example, four to six applications of the sodium borate
solution were made with the applications being
separated by a few minutes. Each application of the
solution was directed to the surface of the mixture in
the pelletizer. To avoid over-wetting, the charcoal
was allowed to thoroughly mix for a few minutes
between applications of the solution. The total amount
of borax or sodium borate solution applied was 310 mL,
using 9.3 g of sodium borate. The angle of the
pelletizer was set at 25° for the first 5 minutes,
then lowered to 18° for thirty minutes then finally
decreased to 15° until the pellets formed. The
pelleting temperature was approximately 20°C. After
two hours, the pelleted product was removed from the
pelletizer and dried in a gravity oven at 70 °C for 24
hours. The pellets were approximately 3 - 4 mm and not
very spherical. Most of the resulting pellets were

hard, but some were brittle.
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[0037]

[0038]

[0039]

[0040]

Example 5: 150 g of prepared charcoal was placed in a
mixer and 200 mL water containing 20 g of commercial
white glue (7.50 g of PVA) was mixed in to form a
paste mixture. The paste mixture was sieved through a
2 mm sieve and then introduced into the rotating
pelletizer. As the charcoal-PVA mixture mixed in the
pelletizer, a solution of borax (10 g of sodium borate
in 100 mL of water) was applied to the surface of the
composition in short bursts by use of an automotive
paint spray gun. The pressure setting for the spray

guy was set to approximately 10 psi.

Similar to the procedure in Example 4 above, four to
six applications of the borax solution were made every
few minutes, each application being directed to the
surface of the mixture. To avoid over-wetting, the
charcoal was allowed to thoroughly mix for a few
minutes between applications. The total amount of
borax solution applied was 145 mL (containing a total

of 14.5 g of sodium borate).

For the pelletizer, the angle of the pelletizer drum
was set at 25° for the first 10 minutes, then lowered
to 15° for sixteen minutes then finally decreased to
12° until the pellets formed. The pelleting
temperature was approximately 20°C. After 2.5 hours in
the pelletizer, the pelleted mixture was removed from
the pelletizer and dried in a gravity oven at 70 °C
for 24 hours. The pellets were fairly uniform in size

at approximately 6 — 8 mm per pellet.

Example 6: 300 g of prepared charcoal was placed in a
mixer and 400 mL water containing 80 g of commercial

white glue (with 30 g of PVA) was mixed in to form a
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[0041]

[0042]

[0043]

[0044]

paste mixture. The paste mixture was sieved through a
2 mm sieve and then introduced into the rotating
pelletizer. As the charcoal-PVA mixture rotated in the
pelletizer, a solution of borax (with a total of 50 g
of sodium in 500 mL of water) was applied to the
surface of the composition in short bursts using an
automotive paint spray gun. The pressure setting for

the spray gun was set at approximately 10 psi.

As with Examples 4 and 5 above, at total of four to
six applications of the borax solution were made every
few minutes, directed to the surface of the mixture.
To avoid over-wetting, the charcoal was allowed to
thoroughly mix for a few minutes between applications.
The total amount of borax solution applied was 120 mL

using 12 g of sodium borate.

For the pelletizer, the pelletizer drum was set at an
angle of 25° for the first 5 minutes, then lowered to
18° for fifty minutes then finally decreased to 15°
until the pellets formed. The pelleting temperature
was approximately 20°C. After two hours, the resulting
pellets were removed from the pelletizer and dried in
a gravity oven at 70 °C for 24 hours. The pellets were
fairly uniform in size, the majority being
approximately 1— 2 mm in size. Pellets were very hard

and not dusty.

The resulting biochar/charcoal pellets were tested for
their ability to absorb moisture from biodiesel. The

results given below were obtained.

To demonstrate the utility of the charcoal pellets as
absorbants, charcoal pellets were compared to

commercial absorbants for their ability to absorb

— 16 -
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[0045]

[0046]

[0047]

water from biodiesel. In one test, two samples of
biodiesel were obtained and water was added to each to
obtain a final water contents of 808.1 ppm (BDa) and
803.3 ppm (BDb) (measured by Karl Fischer titration).
Two commercial absorbants, Eco2Pure™ and Purolite™
PD206 were tested against the charcoal pellets
obtained using the procedure in Examples 3 and 6. The
pellets from Example 3 used a bentonite binder while

the pellets from Example 6 used a PVA/borax binder.

The commercial absorbants and the charcoal pellets
were each loaded into glass chromatography columns
equipped with Teflon stopcocks. 81.5 g of each test
article was loaded into each of the chromatography
columns and wet biocdiesel was passed through each test

article.

The residence time for the biodiesel (i.e. the time
the biodiesel was in the columns) was adjusted
beforehand so that the biodiesel contacted each sample
for approximately the same amount of time. 100 mL of
either BDa or BDb was passed through each test article
and the water content of the biodiesel was measured

after by Karl Fischer titration.

Oven—-dried Eco2Pure reduced the water concentration by
92%, and Purolite (as-received) reduced the water
concentration by 84%. Purolite, oven-dried to
negligible moisture content, reduced water
concentration in biodiesel by 96%. The biochar pellets
using bentonite as a binder reduced the water
concentration by 81%. The biochar pellets using the
PVA/borax mix as a binder reduced the water

concentration in the biodiesel by 88%.
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. . volume . Tested | Water | water
Filtration weight of .
Sample ID time (h) of pellets ellets (g) on content | reduction
(my | PR (ppm) | in %
Wetted biodiesel 808.1
batch 1 (BDa) ppm
Wetted biodiesel 803.3
batch 2 (BDb) ppm
Eco2Pure 2:16 330 81.5 BDa | 65.6 ppm 91.88%
BDa 128.6
Purolite 1:55 100 81.5 ppm 84.09%
Purolite( dried) 1:58 100 81.5 BDb | 34.7 ppm | 95.68%
Example 6 1:56 270 81.5 BDb | 98.7 ppm | 87.71%
BDa 154.5
Example 3 1:59 143 81.5 ppm 80.88%
Table 1: Water concentration reduction in biodiesel by various
absorbants
[0048] To further test the samples, a second test was run in
which the volume, rather than the mass of the test
absorbant, was kept constant. Approximately 46 mL of
charcoal pellets obtained as discussed in Examples 1-5
were used. The samples were loaded into glass
chromatography columns. A sample of biodiesel was
obtained and wetted to a water concentration of 904.9
ppm (measured by Karl Fischer titration). Additional
testing subjects (commercial absorbants from Eco2Pure™
and Purolite™) were each loaded into glass
chromatography columns equipped with Teflon stopcocks
and wet biodiesel was passed through each test
article. As in the first test, the residence time was
adjusted beforehand so that the biodiesel passed
through each test article in approximately the same
amount of time.
[0049] The charcoal pellets (using a charcoal:bentonite mass

ratio of 1:2) from Example 3 (pelletized for 1 hours
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and ten minutes) only removed 15% of water. However,

the charcoal pellets from Example 1 (using the same
mass ratio of charcoal to bentonite but which was
of water.

pelletized for 2 hours) removed 80%

[0050] Most surprisingly, the charcoal pellets which used NCC
in addition to the bentonite removed 90% of the water
in the biodiesel. For this sample, a mass ratio of
charcoal/bentonite/NCC of 2:24:1 was used. The
charcoal /PVA/borax pellets obtained in Example 4 only
removed 31% of the water while the charcoal/PVA/borax
pellets from Example 5 removed 61% of water.

water
Filtration volume of pellets | mass of pellets Water .
Sample ID . reduction
time (h) {mL) (g) content |. |
in %

Wetted

biodiesel 904.9 ppm

Example 5 1.24 45 11.49 349.1 ppm 61.42%

Example 1 1.25 416 30.97 185.1 ppm 79.54%

Example 2 1.25 47 27.85 85.7 ppm 90.53%

Example 4 1.34 45 10.60 626.4 ppm 30.78%

Example 3 1.15 416 25.22 772.8 ppm 14.60%
Table 2: Water concentration reduction of biodiesel by
charcoal/bentonite and charcoal /PVA/borax pellets

[0051] To demonstrate the utility of the charcoal pellets as

glycerol absorbants, charcoal pellets were compared to
commercial absorbants for their ability to absorb

glycerol from crude biodiesel.

Two biodiesel samples were obtained with a glycerol
content of 0.0034% and 0.0092% by mass (measured by
gas chromatography). Two commercial absorbants,

Eco2Pure™ and Purolite™ PD206, and the charcoal
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pellets obtained using the process in Example 6 and
Example 3 were compared. The pellets from Example 6

used a PVA/borax binder while the pellets from Example
3 used a bentonite binder. The absorbants to be

tested, along with the charcoal pellets, were each
loaded separately into glass chromatography columns
equipped with Teflon stopcocks. The test absorbants
were loaded into each of the chromatography columns
and biodiesel was passed through each test article. As
with the tests above, the residence time was adjusted
beforehand so that the biodiesel contacted each
absorbant for approximately the same amount of time.
100 mL of biodiesel containing glycerol was passed
through each test article and the glycerol content of
the biodiesel was measured after this using gas
chromatography. The Eco2Pure absorbant reduced the
glycerol concentration by 41.7% while the Purolite
absorbant reduced glycerol concentration by 91.3%.
In comparison, the charcoal pellets which used the
PVA/borax binder reduced the glycerol concentration by

26.5%. The charcoal pellets which used the bentonite

binder reduced the glycerol content by 84.8%. The
results are detailed in Table 3 below.
Filtration | volume of mass of Tested glycerol glycerc.»l .
Sample ID time (h) | pellets (mL) | pellets (g) on content reduction in
{(mass%) %

Biodiesel with
glycerol 0.0034
Eco2Pure 2:16 330 81.5 BD#1 0.0020 41.2
Purolite 1:58 100 81.5 BD#2 0.0008 91.3
Example 6 1:56 270 81.5 BD#1 0.0025 26.5
Example 3 1:59 143 81.5 BD#2 0.0014 84.8

Table 3: Glycerol concentration reduction of biodiesel

by charcoal/PVA/borax pellets compared to commercial

absorbants
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[0054]

As noted above, the resulting biochar pellets may be
used in the manufacture of biodiesel. These
biochar/charcoal pellets may also be used in
esterifications and transesterification reactions
other than biodiesel manufacture. The charcoal pellets
may also be used as a convenient biodiesel desiccant.
Alternatively, un-densified charcoal may also be used
in a sealed cartridge or similar as a disposable fixed
bed biodiesel desiccant. Accordingly, it should be
clear that the resulting product may be used as a
biodiesel desiccant, a transportation fuel desiccant,
a dessicant for liquid hydrocarbon mixture, or as an

organic solution desiccant.

In addition to the above examples, further examples
and tests of the efficacy of various implementations

0of the invention are presented below.

Example 7: A sample composed of charcoal and
bentonite clay was used for this test. The sample

material consisted of 16% charcoal (140g) and 84%

bentonite clay (720g). The two materials were mixed
in the agglomerizer drum for 20 minutes. A 5%

solution of diluted PVA (100ml) was sprayed
sporadically while the drum speed was alternated
between 30-50 rpm and while the drum angle was varied
between 5-30 degrees. The treatment was continued
until most of the material (approximately 90% of the
material) had formed into pellets. The pellets were
then sprayed with a 20% sodium borate solution (20ml)
at a pressure of 1 atm until the pellets were coated.
The pellets were then screened to under 1.0 mm and

then dried at 75 degrees Celsius for 60 minutes. The



WO 2017/059536 PCT/CA2016/051164

[0055]

[0056]

pellets were very hard and dusty and high product loss

occurred due to clumping.

Example 8: For this trial, the raw materials used
were charcoal (28%), bentonite clay (57%), and
nanocrystalline cellulose or NCC (14%). The sample
consisted of 100g of charcoal, 200g of bentonite clay,
and 50g of NCC. The clay and the NCC were blended
together and tumble mixed in the agglomerizer drum for
20 minutes. The charcoal was then added and a 5%
solution of diluted PVA (100ml) was sprayed
sporadically while the drum speed was alternated
between 20-50 rpm and while the drum angle was varied
between 5-30 degrees. The treatment was continued
until most of the material (approximately 90%) had
formed into pellets. The resulting pellets were then
air-dried (at approximately 20 degrees Celsius) for 30
min. The air dried pellets were then re-introduced
into the agglomerizer drum where a 20% sodium borate
solution (20 ml) was applied (or sprayed) at a
pressure of 1 atm until the pellets were coated. The
resulting pellets were then screened to under 1.0mm
and then dried at 75 degrees Celsius for 60 minutes.
The final pellets were competent (although not as hard

as Example 7) with minimal dust.

From Example 8, it concluded that lowering the clay
component appeared to reduce the hardness (and
dustiness) of the pellet. Adding the two step
pelleting process resulted in an improvement in pellet
size control and conversion rate, and it may also be
useful to the pellet hardness as the sodium borate can
effectively cross link with the PVA to create a

surface coating.
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Example 9: For this trial, the raw materials used were
28% charcoal, 58% bentonite clay, and 14% NCC. 1In
terms of guantity, 56g of charcoal, 115g of bentonite
clay, and 28g of NCC were used. The clay and the NCC

were placed in a sealed container and tumble mixed on

low speed (20 rpm) for 20 minutes. The charcoal was
then added to the mix in the agglomerizer. A 2.5%

solution of diluted PVA (100ml) was sprayed
sporadically on to the mixture while the drum speed
was alternated between 20-50 rpm and while the drum
angle was varied between 5-30 degrees. This was
continued until most of the material (approximately
90%) had formed into pellets. The pellets were then
air-dried at 20 degrees Celsius for 30 min. The air
dried pellets were then re-introduced into the
agglomerizer drum and a 20% solution of sodium borate
(20 ml) was sprayed or applied as a coating liquid at
a pressure of 1 atm until the pellets were coated.
The resulting pellets were then screened to under
1.0mm and then dried at 75 degrees Celsius for 60

minutes.

From Example 9, it would seem that reducing the PVA
input did not appear to have an effect on the

resulting pellets.

From the trials of Examples 7-9, it would seem that a
dense, durable pellet is possible when just clay and
charcoal are blended with the clay forming the highest
fraction (i.e. more than 60%) as shown in Example 7.
That 1is, the clay adds both bulk density and
durability. It therefore follows from Examples 7-9

that the clay fraction can be reduced, and that pellet
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hardness may be achieved by alternate means, such as

adding a polymer binder.

A 177g sample from Example 9 was used for testing
after screening to isolate the size between 005-1.0mm
(see Figure 3). The testing procedure below
illustrates how a sample from the trial of Example 9
was then tested for its ability to act as adsorbent or

polishing agent to purify biodiesel.

A canola-based sample of B100 was spiked with de-
ionized water, glycerol (obtained from Sigma Aldrich,
Catalogue # 1-9161-2, lot# MAO0336MA), glycerides
(obtained as ASTM D6584 Standard Solution 5 containing
1-Monooleoyl-RAC-Glycerol, 1,3-Diclein, and Triolein,
Sigma Aldrich Catalogue # 44917-U, Lot # LC15115V),
and oleic acid (Sigma Aldrich Catalogue # 1-6224, lot#
525067) to approximately 10% off the ASTM D6751
biodiesel specification limits for these constituents.
This spiked sample was then used to test the ability
of the resulting pellets from Example 9 for its
adsorbent or polishing agent abilities to purify

biodiesel.

About 125 mL of the resulting pellets from Example 9
was loaded in a glass filtration column of 3.8lcm of
inner diameter. Samples of Purolite™ PD206 and the
sample from Example 9 (the adsorbents) were dried in
an oven overnight at about 110°C before being loaded
into the filtration column. In order to avoid any
channeling through the void spaces, the adsorbent
columns were packed as tight as possible by moderately
tapping the wall of the column while it was being

filled. Glass wool was used to hold the adsorbent in
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440 mL of

biodiesel was poured at the top of each column and was

allowed to filter through the adsorbent at an

approximately 10 mL/min flow rate.

conditions are given Table 4 below.

biodiesel was collected, measured in weight,

Other experimental

The filtered

and was

tested for the properties listed in Table 5 below.

Property Purolite™ PD206 Example 9
Volume of adsorbent loaded 125 125
(ml)
Mass of adsorbent loaded (g) 107 53.7
Mass of biodiesel filtered (g) 359 352.8
Time taken to filter (min) a7 46

[0062]

Table 4:

ability of Example 9 pellets

Experimental conditions for testing adsorbent

The filtered biodiesel was collected, measured in
weight, and was tested for the properties listed in
Table 5 below.
Property/Units/Test Spiked Purolite™ Example 9 ASTM D6571
Method Biodiesel Filtrate Filtrate Spec.
Sample [FL1l6- [FL16-0846- [FL16-0846-
0846-006] 007] 008]
Water Content,
mg/kg. 856 170 184 500
(ASTM D6304)
Free Glycerin, mass
S (ASTM D6584) <0.005 <0.001 <0.001 0.020
Total Glycerin,
mass % 0.106 0.104 0.098 0.240
(ASTM D6584)
Total Monglyceride,
mass % (ASTM D6584) 0.288 0.289 0.268
Total Diglyceride, _
mass % (ASTM D6584) 0.135 0.136 0.136
Total Triglyceride, _
mass % (ASTM D6584) 0.075 0.076 0.077
Acid Number,
mgKOH/g
(ASTM D664) 0.46 0.47 0.45 0
Type of End Point
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Table 5: Properties of biodiesel determined before and

after filtration

[0063] Referring to Table 6 below, the table summarizes the
reproducibility and repeatability of the tests used to
determine the biodiesel properties listed in Table 5.
It should be noted that repeatability is the
difference expected between successive results
obtained by the same operator using the same equipment
under constant operating conditions on identical test
material and will exceed the reported values only 1
case in 20. As well, it should be noted that
reproducibility is the difference expected between two
single and independent results obtained by different
operators working in different laboratories on
identical test materials, and will exceed the reported
values only 1 case in 20.

Property/Units/Test Spiked Purolite™ Example 9 ASTM D6571

Method Biodiesel Filtrate Filtrate Spec.

Sample [FL16-0846- [FL16-0846- Limits
[FL16-0846- 007] 008]
006]
Water Content,
mg/kg. 856 170 184 500
(ASTM D6304)
Free Glycerin, mass
s (ASTM D6584) <0.005 <0.001 <0.001 0.020
Total Glycerin,
mass % 0.106 0.104 0.098 0.240
(ASTM D6584)

Total Monglyceride, L

mass % (ASTM D6584) 0.288 0.289 0.268

Total Diglyceride, L

mass & (ASTM D6584) 0.135 0.136 0.136

Total Triglyceride, L

mass % (ASTM D6584) 0.075 0.076 0.077

Acid Number,
mgKOH/ g

(ASTM D664) 0.46 0.47 0.45 0.50
Type of End Point
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[0065]

Table 6: Repeatability and Reproducibility of the Test
ASTM methods used in determining the properties of the

biodiesel listed in Table 5

The production of biodiesel, which is a fatty acid
methyl ester (FAME), starts when feedstock of
triglycerides reacts with methanol and a catalyst, and
breaks down to first diglycerides, then to
monoglycerides, and then finally to FAME and a
residual product of free glycerol. A reaction that
achieves 100 percent conversion to FAME is unlikely
and thus unreacted triglycerides from the feedstock
can contaminate the final product. This
contamination, which includes the unreacted
triglycerides and the intermediates mono- and
diglycerides, is collectively known as bound glycerol.
The free glycerol may also contaminate the FAME if it
is not completely removed during the separation
phase(s). The sum of the bound and the free glycerol

is referred to as total glycerol.

ASTM D6584 provides a standardized method for the
determination of free glycerocl and total (free +
bound) glycerol using high temperature gas
chromatography. Low levels of free and bound glycerol
are critical to the performance of biodiesel fuels, as
these contaminants can contribute to the formation of
deposits on injector nozzles, pistons, valves, filters
and storage tanks. The results of the lab tests shown
in Table 5 above illustrate that 50 percent less (by
mass) of the Example 9 adsorbent performed equally, or
slightly better than the PuroliteTM PD206 as a method

to remove the free and bound glycerol contaminants.
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[0067]

[0068]

ASTM D6304 is test to determine the level of entrained
water in biodiesel. A series of water washes are often
used to treat the crude FAME to remove the methanol,
catalyst and any free and bound glycerols that might
remain. However, the water may also become a source of
contamination that must be removed during a final
polishing step. The presence of water in fuels can
lead to premature corrosion and wear, an increase in
the debris load resulting in diminished lubrication
and premature plugging of filters, an impedance in the
effect of additives, and undesirable support of
deleterious bacterial growth. The results from the
testing shown in Table 5 above illustrate that 50
percent less (by mass) of the Example 9 adsorbent
performed on par with the PuroliteTM PD206, removing
78% and 80% of the water, respectively, from the

spiked sample.

ASTM D664 is a test to determine the guantity of
catalyst (KOH) that remains in the washed FAME as a
measure of its purity. Any remaining catalyst may
react with the free and bound glycerol to form soap,
which can clog filters. The acid number is also an
indication of the oxidative stability of the FAME with
a lower acid number associated with increased
stability. The results from the testing shown in
Table 5 above illustrate that 50 percent less (by
mass) of the Example 9 adsorbent reduced the acid
number, whereas PuroliteTM PD206 actually showed an

increased acid number compared to the spiked sample.

As can be seen, the use of additives such as NCC and
bentonite clay to charcoal allows for the manufacture

of pellets with a number of uses. From the various
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[0070]

examples above, depending on the desired result, a
liguid of some sort was found to promote the formation
of pellets from the charcoal mixture. In some of the
examples, water was added to the charcoal and to the
additive (s)to promote the formation of pellets. 1In
some implementations, the liquid used to promote the
formation of pellets was a PVA solution and, in some

implementations the PVA was the additive.

The advantages of the resulting biochar/charcoal
pellets are numerous. These charcoal pellets
manufactured using the above procedures are inert to
biodiesel at room temperature, i.e. they do not
catalyze or react chemically with biodiesel. As
another advantage, these biochar/charcoal pellets
absorb unwanted biodiesel contaminants such as water
and glycerol. The charcoal pellets also maintain
their shape and do not dissolve (up to 48 hours
tested), so the pellets are easily removed from the
biodiesel. The shape and size of the pellets lends
itself to convenient large-scale processing options,
such as fixed-bed flow through reactors in which the
charcoal desiccant remains stationary and the
biodiesel is passed through the resin bed. The
charcoal desiccant, when spent, can be disposed of

harmlessly in landfills as a bio-based product.

The biochar/charcoal pellets may also be used for
other purposes. As an example, the end product may be
used as a supplement for animal feed. Activated
charcoal is known to be effective at treating
parasitic infections in different ruminant animals,
including cattle and sheep (see Mundt, H-C., et al.

Parasitol Resistance, Aug 2007; 101 (Supplement 1): 93
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[0072]

- 104, 17661113, Cit:2.). Therapeutic variants are
sold commercially where charcoal is combined with
various sulphaletamides for the treatment of
coccidiosis infection in beef cattle, dairy cattle,
veal and sheep. Research has shown that adding
charcoal to the diet of chicken broilers and laying
hens can improve growth performance during the first
28 days of fattening and reduced cracked eggs if added
as a dietary supplement to laying hens (see Kutlu, H-
R., Unsal, I., Gorgulu, M., Animal Feed Science and
Technology, 2001, wvol 90, n3-4, pp.213-226. ISSN 0377-
8401.).

The resulting product of one aspect of the invention
is thus useful in a number of industries. The
resulting charcoal pellets can be used for biodiesel
manufacturing, as an animal feed supplement, in
esterifications reactions, in transesterification
reactions, as an organic solution dessicant, and as a

liguid hydrocarbon mixture dessicant.

For a more thorough understanding of the present

invention, the following references may be consulted:

Edmond Lam, et al., Applications of functionalized and
nanoparticle-modified nanocrystalline cellulose, Trends

in Biotechnology, May 2012 Vol. 30, No. 5.

Habibi, Youssef, et al., Cellulose Nanocyrstals:
Chemistry, Self-Assembly and Applications, March
2010,Chem. Rev. 110, pp.3479-3500.

Tetreau, ]1P. Impact of Nanotechnology in Alberta,
Nanocyrstalline Cellulose, October 30, 2010,

University of Alberta.
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Kaboorani, A., et al., Nanocrystalline cellulose
(NCC): A renewable nano-material for polyvinyl acetate
(PVA) adhesive. European Polymer Journal 48, (2012)
1829-1837.

Habibi Y, Lucia LA, Rojas 0J. (2010) Cellulose
Nanocrystals: Chemistry, Self-assembly and

Applications. Chemical Reviews 110:3479-3500

Peng BL, Dhar N, Liu HL, Tam KC. (2011) Chemistry and
applications of nanocrystalline cellulose and its
derivatives: A nanotechnology perspective. The
Canadian Journal of Chemical Engineering 89[5]:1191-

1206

Siqueira G, Bras J, Dufresne A. [2010] Polymers 2 (4)
728-765

Moon RJ, Martini A, Nairn J, Simonsen J, Youngblood J.
(2011) Cellulose nanomaterials review: structure,
properties and nanocomposites. Chem. Soc. Rev. 40:394-

1-3994

Angelova LV, Terech P, Natali I, Dei L, Carretti E,
Weiss RG. (2011) Cosolvent Gel-like Materials from
Partially Hydrolyzed Poly(vinyl acetate)s and Borax.
Langmuir 27:1 1671-1 1682

A person understanding this invention may now conceive
of alternative structures and embodiments or
variations of the above all of which are intended to
fall within the scope of the invention as defined in

the claims that follow.
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We claim:

1. A charcoal product comprising a porous charcoal pellet
having at least one additive selected from a group comprising
bentonite, nanocrystalline cellulose, polyvinyl acetate, and

sodium borate.

2. A charcoal product according to claim 1, wherein said
product comprises biochar and bentonite having a bentonite to

charcoal mass ratio of 2:1.

3. A charcoal product according to claim 2, wherein said
product is further comprised of nanocrystalline cellulose,
said product having a charcoal to nanocrystalline cellulose

mass ratio of 2:1.

4., A charcoal product according to claim 1, wherein said

bentonite is used as a binder for said pellet.

5. A charcoal product according to claim 1, wherein said

polyvinyl acetate is used as a binder for said pellet.

6. A charcoal product according to claim 1, wherein said
polyvinyl acetate and said sodium borate are used as binders

for said pellet.

7. A charcoal product according to claim 1, wherein said

product is for at least one of:

— biodiesel manufacturing;

— animal feed supplement;

— esterifications reactions;

— transesterification reactions;

- organic solution dessicant; and

— liquid hydrocarbon mixture dessicant.
_32_



WO 2017/059536 PCT/CA2016/051164

3. A method for producing charcoal pellets, the method

comprising:

a) mixing charcoal with at least one additive to result

in a mixture;

b) processing said mixture in a pelletizer device which

forces said mixture to tumble and to form pellets;

c) spraying said mixture with a ligquid while said mixture

is being processed in said pelletizer device; and

d) heating said pellets to dry said pellets.

9. A method according to claim 8, wherein said liquid is

water.

10. A method according to claim 8, wherein said liquid is a

solution comprising water and sodium borate.

11. A method according to claim 10, wherein step c¢) is
executed by spraying said mixture such that said liquid is

only sprayed on a surface of said mixture.

12. A method according to claim 11, wherein said ligquid is
sprayed on said mixture between four to six times every few

minutes.

13. A method according to claim 8, wherein said mixture is
processed in said pelletizer device for a period of time

lasting between twenty minutes and two and a half hours.

14. A method according to claim 8, wherein said pellets are

dried at a temperature of approximately 70-75 degrees C.

15. A method according to claim 8, wherein said liquid is a

solution comprising water and polyvinyl acetate (PVA).
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16. A method according to claim 8, wherein, between steps ¢)
and d), said pellets are treated with a coating ligquid to coat

said pellets with said coating liguid.

17. A method according to claim 16, wherein said coating

liguid is a sodium borate solution.

18. A method according to claim 16, wherein said pellets are

air dried prior to being treated with said coating liguid.

19. A method according to claim 8, wherein said at least one
additive 1s one or more of: bentonite, nanocrystalline

cellulose, polyvinyl acetate, and sodium borate.
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