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A PROCESS FOR PRODUCING A FIBRE PLANT/LIME PRODUCT

Technical Field

The invention relates to a .process for producing. a fibre
plant/lime product. In ‘particular, the invention relates to a
process for producing a'}mm@/lime product. Thevinvention also
relates to fibre plant/lime products, especially hemp, 1lime

products for use as building, insulation or masonry products.

Background to the Invention

There is an urgent -need to find more appropriate building

materials which are independent of fossil fuel sdurces, lock

carbon into building material and reduce the requirement for

fuel to maintain ambient dry warm conditions in buildings.

Currently the building materials market is supplied by materials

‘which have a high “embodied energy, generate‘significant volumes

of greenhouse gasses and are largely in appropriate for use in

modern buildings. Indeed even -synthetic 3insulating materials

brequire high inputs of energy to manufacture and due to low

moisture buffer values, cause internal condensation in buildings
which has lead to a requirement in building regulations to
ventilate and exhaust moisture to eliminate condensation and

moulds.

There has therefore been-,é recent trend towards breathable
building materials with good moisture buffering values. such as
sheep’s wool insulation, timber and hemplime amongst others to
improve the internal atmosphere and create warm/dry breathable

buildings. However there is also a need to create supply chains
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of such breathable materials at economic cost and on a locally'

available basis.

HempLime has shown great promise as one solution to the above

issues. There are however a number of major obstacle to rapid

- development of supply chains includingf high risk of crop loss

due to un-reliable weather patterns in autumnal temperate
climates; high capital cost of processing plants using current
methods of fibre and hemp processing; high storage and transport
costs; limit to lo;élization due to the capital nature of
processing; and inefficiencies in recovery of energy in lime

cycle.

Lime has been used as a building material since ancient times
and is very well known in the building industry. Lime is used by
species of the animal kingdom as the building material for
skéletal and shell. structures. Limestone is widely -available

around the world . as sedimentary rocks but also in to form of

'shells in beaches, lakes, the oceans and so on. Quicklime is

produced by burning Calcium carbonate or lime stone in a Kiln to
form Calcium Oxide CaO and CO;. Much of the energy used to burn
lime is embodied in the quicklime as potential thermal energy.
Slaking is the term commonly used to mean the addition of water
or hydration of quicklime. When lime is slaked this energy is
vigorously released. in the form of exothermic heat. This effect
is well known .in the lime and chemical processing industry.
Hydrated Lime CaOH 1is another common building material.
Quicklime CaO expands and becomes Hydrated lime in the presence

of water. Hydrated lime has a lower bulk density than quicklime

and expands during the reaction process to occupy more space.

Hydrated 1lime is common supplied as .a dry powder with no

adhesion properties and lime putty, where a surplus of water
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over and above the hydration requirement’s, has been added. Lime
putty has excellent adhesion properties. Lime is also the main
component of Portland cement in conjunction with mineral
aggregates and water used to manufacture concrete and other
building materials. However Hydrated lime reacts with CO, to
become CaCO; or Calcium carbonate or Limestone. The addition of
CO; or carbonation process is a gradual process over time and is
responsible for the set of 1lime based building products
particularly the High Calcium or fat limes. This material reacts
with the air unlike Portland cement or Calcium alumina cements
where the setting process is caused by internal chemical/mineral
bonds giving a rapid set and where CO2 relaeased during
calcination is not re-absorbed as is the case with High calcium
and hydraulic limes. Hydraﬁlic limes' combine atmospheric set
with a chemical set. It is well known amongst lime experts that
high calcium or fat lime are slow to set due to the slow rate of
CO; diffusion from the atmosphere into the lime matrix. However
the fat limes or high calcium limes are recommended due to the

breathability of the pure high célcium limes.

'Recently Hemp has been used as an aggregate to manufacture

~building materials in conjunction with Lime to form HempLime Or

also sometimes referred to as Hemp Crete. Existing processes
utilize dry hemp straQ or dessicated hemp straw, as the
feedstock for the production of these materials (see for example
United States Patent Application No: 2004/0129182). These
processes involve the collection and preparation of dry hemp
aggregate, lime énd water. With these existing processes,‘the
empbodied biological water in the hemp is lost in the field
meaning that additional water must be supplied at the point of
mixing. In many cases the embodied heat in the guicklime is also

lost and a hydrated lime is used and in other cases quicklime is
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used to dry the additional non cellular water to reduce drying

time in the wall.

Statements of Invention

Broadly, the invention relates to a process for producing a
fibre plant/lime product of the type comprising a composite of
fibre plant material and slaked lime in. which the slaked lime
provides structural rigidity to the composiﬁe and assists in the
binding of the components together. The process employs starting
fibre plant material having a high percentage.of water contained
within the fibre plant material (embodied bioclogical water).
This may be, for example, freshly harvested fibre plant
méterial, or fibre ‘plant material which has been ensiled
(microbiologically cultured or fermented) for a suitable period
to time. The process involves admixing the starting fibre plant
material and calcium oxide and allowing the embodied biological
water in the fibre plant react with calcium oxide which results
in some - of the embodied biological water within the plant
material b(both within the cells and between the cells) being
reacted, .and replaced, with slakéd lime. This ©provides a
structural rigidity to the fibre plant material component of the

fibre pglant/lime product.

Accordingly, in a first aspect, ‘the invention reiates to a
process for producing a fibre plant/lime product comprising a
step of providing a fibre plant starting material having a water
content of at least 50% (w/w), admixing the starting material
with calcium oxide (or a source of calcium oxide) to form a
reaction mixture,. and allowing the calcium oxide reacﬁ with

embodied biological water in the starting material to form the
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fibre plant/lime product in which embodied biological free water

in the fibré»plant material has been converted to slaked lime.

Typically, the process provides for the calcium oxide being
intimately mixed with the fibre plant starting material such
that the resultant slaked lime in the fibre plant is intimately
mixed with the fibre plant material. Typicélly, the slaked lime

intimately coats the fibres of the fibre plant material.

The process of the invention provides a number of advantages.
First, the process obviates the need to pre-process the fibre
plant material to remove water (dessication); This is an energy

intensive process which removes water from the fibre plant

material prior to reaction with the calcium oxide. It is either

~carried out with drying machinery, with associated energy costs,

or it 'is normally carried out in the field by leaving the
hérveSted fibre plant material in the field and turning several
times over a period of weeks to allow. the material dry. This
results in. a fibre plant/lime product in a dessicated form which
usually needs to be stored prior to use. When it is eventually
employed to produce a fibre plant/lime product, water needs to
be.re—added to the dessicated material to allow the mixing with
calcium hydroxide and some times calcium oxide to proceed.
Secondly, as indicated above, when dessicated fibre plant
material is employed to produce a fibre plant/lime product,
water needs to be added to the process. The process of the
invention obviates this requirement by employing the water
embodied within the plant ‘material -as a water of reaction.
Thirdly, the fibre plant/lime products of the prbcess of the
present invention have improved properties .compared to fibre
plant/lime products generated using dessicated fibre plant

material, including improved penetration of 1lime into the
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vascular plant architecture, breathability, moisture buffering

value (MBV), and setting times. In particular, the process of

the invention provides for an intimate mixing of the calcium
oxide within the reaction mixture which results in a fibre.
plant/lime product in which the resultant slaked 1lime is
intimately mixed with the fibres of the product, typically
coating the fibres. Furthermore, the process of the invention
allows immediate wuse of har?ested fibre piant -material if

required.

In a preferred embodiment of the invention, the fibre plant
starting material is non—dessicéted fibre plant materiél. This
is taken to mean thatathe fibre plant material is not treated to
dessicate the material by drying in the field or active drying

using drying machinery or active drying processes.

In one embodiment of the invention, the fibre plant starting
material is ensiled fibre plant material. Ensiling is a term
known in the art, and refers to a proéess where the harvested

fibre plant material is stored in a container which limits or

 prevents access of air to the stored material. It results in

partial fermentation of the material during which the anaerobic
conditions 1in the container favour the growth of anaerobic
bacterial which utilise sugars ‘and other substrates in the fibre
material to produce fermentation by-products, including lactic
acid and other organic acids. When ensiled hemp is employed in
the process of the invention, these ferméntation (generally
including - organic acid) by-products are neutralised to form
organo-mineral salts such as calcium lactate, calcium lignin and
cellulosic by—productsv which stabilise and help solidify the

resultant fibre plant/lime product.
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Typically, the ensiled fibre plant material is ensiled for a
sufficient ©period of time to allow the production of
fermentation products within the ehsiled material. Generally,
ensiling takes placé for at least 40, 80, 160, 240, 320, 400 and
480 days. However, the ensiling period may be suitably reduced
by modifying the proéess to accelerate fermentation by means of[
for example, inoculating the material with a starter culture,
addition of fermentation substrates, and modifying the

temperature of the process.

In a preferred embodiment of the invention, the ratio of fibre
plant starting material to calcium oxide in the reaction mixture

is ‘from 10:50 and 4:1, preferably from 10:50 and 10:5, ideally

~ from 1:4 and 2:1, all provided as w/w. -

In one embodiment of the invention, in addition to high calcium
lime as sole components of the additional components are added
prior to, during and/or after the reaction such as silica
powder/slurries, clay powders/slurries, lime slurries, Portland
cement, calcium alumina cement, aluminium powders, silicon
powder, polymer resins or any binder of an organic or inorganic

nature.

Typically, the fibre plant starting material is pulverised prior
to reaction . with the calcium oxide to produce particles
typically having a mean length of between 1 and 100mm, ideally
between 5 and 50mm. In this regard, mean length means the
average length or size of the particles taken across a widest
diameter of the particles. When the particles have an elongated
shape, this will generally bé their 1length. Pulverisation may

also provide a pulverised product in which the size or length of
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the particles are variable within a given range, for example

most of the particles may have a size of between .1 and 100mm.

In one embodiment of the invention, the reaction mixture is

processed to ensure intimate contact between the fibre plant

- starting material and the calcium oxide. This may be achieved,

for example, by partially pressing or compacting the reabtion 
mix during the reaction. Generally, the starting fibre plant

material and the calcium oxide are added to a reaction vessel

and mixed by means of a single or twin auger or turned during

the reaction period so as to allow a sufficient amount of
contact between the calcium oxide and the fibre plant material.
Trials indicate that this is achieved, for example, by means of

any_suitablé bulk mixer having a screw -or auger or paddle type

mixer, operating continuously or discontinuously. For example,

the fibre plant and calcium oxide may be added to the mixer,

mixed initially for a period of at least 4 minutes, and then
allowed to sit for a period 4 minutes to allow the calcium oxide
react with the moisture in the fibre plant. After a suitable
period of time, for example, ten minutes, the materials may be
mixed again for a further minute before being allowed to sit for
a, further reaction period. This is repeated until the desired:

moisture content in the fibre plant material is achieved.

In the process of the invention, biological water in the fibre
plant reacts with the calcium oxide (often provided in the form
of quick 1lime) in an exothermic reaction to form calcium

hydroxide (commonly known as slaked or hydrated lime) and heat.

Ca0O + HyO (biological) « Ca(OH), + complex by-products + 488
BTU/1lb of CaO
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From a drying point of view, this has the.two—fold effect of
remoVing water from the reaction mixture chemically through the
formation of calcium hydrate, and the removal of water by means
of evaporation as a result of the heat generated in the reaction

vessel and final placement position.

The amount of calcium oxide required in the process depends on a
number of variables, including the moisture content of the
starting fibre plant material, the desired moisture content of
the finished fibre plant material, the type of fibre plant being
processed, and also the thermal conductivity of the reaction
vessel in which the process of the invention is being carried
out; Thus, as.. it hydrates,vapproximately 3.1kg of calcium oxide
combines with approximately 1lkg of water- to produce calcium
hydroxide. Thus, if you start with 1 tonne of fibre plant having
a moisture content of 70%, approximately 700kg of the fibre-
plaht will be water. If you require that the moisture content be

reduced to 19%, this would entail that. 245kg of water is

'reacted. In ideal reaction conditions, about 790kg of calcium

oxide would be required‘to react the 110kg of moisture. This
would mean that the fibre plant: calcium. oxide ratio would be
100:79 (w/w) » However, in practice there are benefits to -

maintaining a level of moisture within the mixture as moisture

‘proVides an important mechanism for adhesion between particles

therefore in practice a moisture content of not less than 30% is
desirable for immediate on site use as a building material.
Research at the Institute  for Post harvest technology
demonstrated the surprising result that very low concentrations
of Ca0 will generate stables. In one embodiment of the invention
lower moisture contents are aéceptable where only a feedstock

for further processes is required.
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In one embodiment of the invention, the process involves the
steps of determining the moisture content of the starting fibre
plant material, deciding the desired moisture content of the
finished fibre plant/lime product, calculating the amount of
water to be removed from tﬁe fibre plant to arrive at the
desired moisture content, subsequently calculating the amount of
the calcium oxide required to remove  that amount of water under
ideal reaction conditions, and employing excess calcium oxide in

the reaction.

The calcium oxide may be provided in a substantially pure form.
However, it may also be provided in the form of lime, quicklime,
or burnt limekhaving a high proportion of calcium oxide. In a
preferred embodiment of the invention .the calcium oxide is
provided in  the form of high calcium quicklime. In one
embodimenf of the in&ention fresh calcium oxide having a
temperature greater than 98 degrees centigrade is used directly
from the kiln thereby further improving thermal and energetic

efficiencies.

In one embodiment of the invention, the fibre plant/lime product
is ‘used  as an insulating material, for example, thermal
insulation ‘materials and sound insuiating materials. These
properties are due to the low density’of the product provided by

the fibre plant/lime product.

In one embodiment of the invention, the fibre plant/lime prodUct
is post-treated to form a secondary product. Typically, post
treatment 1includes the step of adding further water and/or
further components to the fibre plant/lime product. Water may be
added as a liquid, or in the form of a paste or slurry in Which

water is admixed with other secondary components. The further.

10
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components may comprise structural elements, such as mineral
components, and binding elements such as organic polymers and

non-organic binders. In one embodiment, the binding element is a

. lime-containing product such as, for example, lime putty.

Typically, the structural element is a mineral component such as
a mineral powder. Examples of further components include: silica
powder/slurries; clay powders/slurries; lime slurries; Portland
cement; calcium alumina cement; aluminium powders}~ silicon
powder; polymer resins or any binder of an organic or inorganic

nature.

In one embodiment of the invention, the fibre plant/lime product
is milledvprior to post-treatment. This may take place when, for
example, the fibre piant/lime product is fully or partially
solidified after the reaction with the lime is completed, and
the solid mass needs to be broken-Up for further processing. The
process of Dbreaking up the solid or semi-solid mass is not

restricted to milling, and the skilled person will know a number
of other methods of breaking up the product into a more

particulate form.

In one embodiment, the fibre plant/lime product is optionally
milled and then mixed with water to provide a wet-mix fibre
plant/lime paste. This paste may be used as a building material,
and may be prepared at a building site for use as a poured
concrete-like product, or for use as mortar or plaster. It may
also be packaged in a water and air tight packaging for storage
and further use as, for example, a building material. In one
embodiment, the water is provided in the form of suspension

comprising water and a building component such as lime (i.e.

"lime putty). Suitably, the further components are added to form

the paste such as a structural component as described above.

11
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In one embodiment of the invention, the fibre plant/lime product
or the secondary product is post-treated to form a masonry
product, wherein the tfeatment is selected from the. group
consisting - of:' casting; compression; drying; heating;
autoclaving Co? injectibn. Suitably, prior to treatment of the
fibre plant/lime produét, a further component is added to the
fibre plant/lime product selected from the group consisting of:
water; mineral products incluing clays, gYpsum, water glass
pozzalanas, rock dust; lime products including hydraulic limes, 
portland cement, calcium aiumina cement, and organic compounds
such as bitumen, and any organic polymer.

Ideally, the fibre plant starting material has a water content

of at least 55% (W/w), preferably at least 60% (w/w), more

preferably at least 65% (w/w), and ideally at least 70% (w/w).

Typically, the reaction time is sufficient to‘decréase to water.

content of the fibre plant material to iO%, 20% or 30% (w/w).

Generally, at least 75% of the water content of the fibre plant
starting material is embodied biological water. Suitably, at
least f80% of the water content of the fibre plant starting
méterial is embodied biological water. Preferably, at least 85%
of the water content bf’ the fibre plant starting material is
embodied biological water. More preferably, at least 90% of the
water content of the fibre plant starting material is embodied
biological water. Ideally, at least 95%.of the water content of

the fibre plant starting material is embodied biological water

Typically, at 1least 50% (w/w) of the slaked lime contained
within the fibre plant/lime product is embodied within ‘the fibre
plant component of the fibre plant/lime product. Preferably, at

12
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Jleast 60% or 70% (w/w) of the slaked lime contained within the-

fibre plant/lime product is embodied within the fibre piant
component of the fibre plant/lime product. Ideally, at least 75%
(w/w) of the slaked lime contained within the fibre plant/lime -
product is embodied within the fibre plant component of the

fibre plant/lime product.

In one embodiment, the process of the invention. is a process for

(partially) drying fibre plant material.

The starting fibre plant material 1is selected from the group
shown in Appendix 2. In a preferred embodiment, the fibre plant
material is selected from the group consisting of: hemp; jute;

manila hemp; .kenaf;' miscanthus; sisal; papyrus; flax; nettle;

.. cardoon; and. combinations thereof. One suitable combination is

hemp and nettle. Other suitable combinations will be apparent to

the skilled person;

. In a particularly preferred embodiment of the invention,‘ the

starting fibre plant material is hemp.

The: invention also relates to é fibre piant/lime product
obtainable by a process of the invention, or a secondary pfoduct
obtainable by the process of the invention,‘and to the use of
such a fibre plant/lime product or secondary product as a
masonry, insﬁlation or building product. Typically, the masonry,
insulation or Dbuilding prodﬁct is selected from the group
consisting of: building products; building aggregates; fibre
plant-crete products (i.e. hempcrete); fibre plant-based floor
screed products; fibre plant/lime block (i.e. hemp/lime block);
fibre plant/lime plaster (i.e. hemp/lime plaster); insulation

material; and fibre plant/lime (i.e. hemp/lime) renderings.

13
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The invention also relates to a wet-mix fibre plant/lime paste

obtainable by the process of the invention.

The invention also relates to a masonry product obtainable by

the process of the invention.

The invention also relates to a- fibre plént/lime composite
product of the type formed in a prdéess in which fibre plant
material is admixed with_ calcium oxide resulting in the
formation of slaked lime which binds the composite and which
upon drying reacts with CO2 to form a calcium carbonate, wherein
the plant fibres of the fibre plant material dre intimately
coated with crystals of slaked 1lime. The term “intimately
coated” should be understood as meaning that a significant
proportion of the surface of the» fibres of the fibre plant
material is. coated with‘-slaked lime crystals as shown in the
attached figures. 1In the fibre piaht/lime product of the
invention,>the fibre plant material is typically convertedrto.a
light weight insulating solid 6rganic masonry ‘product which can

be described as a fibrous ~plant material, and which been

" hardened by deposition or conversion into calcium carbonate. The

material could be described as masonry, stone like. The material
can be the main or partial component of a family of building
products. including but not 1limited to .plasters, mortars,
insulation plasters mortars, grout, tile ‘adhesives, caulking
material extruded putties, bricks, blocks, wall infill, floor
infill, roof insulation, mass hempcrete, roof tile, continious

roofing system, cement system re-enforcement.

14
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Brief Description of the Figures

The invention will be more clearly understood from the following
description thereof, given by way of  example only, with
reference to the accompanying électron micrograph pictures
(provided courtesy of Dr Adel E1l-Turki, Bristol University) in

which:

Figs 1 to 3 are electron micrographs of a hemp/lime product

according to the invention formed using ensiled hemp and calcium

‘oxide in 2:1 ratio (w/w) without any added water and in which

Figs 1 and 2 show the fibres of . the hemp intimately coated with
slaked lime crystals, and Fig. 3 shows the interface (4) between
a slaked lime crystal and the surface of a hemp fibre where

bonding has taken place.

Figs 4 to 7 are electron micrographs of a secoﬁdary product
(paste) 6f the invention formed using the hemp lime producﬁ of
Figs 1 to 3 which is mixed in a ration of 5:50:45 (w/w)
(hemp/lime product 5%, lime putty .50%, and mineral-powdér 45%) .

The figures show the intimate contact between the slaked lime

crystéls (3) and'the hemp fibres (2), and the intimate mixture

between the fibres (2), the slaked lime crystals (3) -and the
mineral components of the mineral powder (1). Fig. 7b clearly
shows the slaked 1lime crystals coating Aintimately the hemp

fibre. -

Detailed Description of the Invention

The invention will be more clearly understood from the following

description, given by way of example only.

15
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Example 1

Freshly harvested hemp was weighed and was determined to have a
dry matter content of 30% aﬁd moisture content of 70%. The hemp
was chopped ‘to approximately 10-20mm lehgths. Quicklime . was
added at a proportion of 1 hemp:1 quicklime by weight in an open
vessel. A weight was placed on the mixture to improve contact.
The mixture was left to react and an exothermic process was
observed after one half hour. After the mixture had cooled a
sample was removed and weighed. The sample weighed 172 grams.
The sample was then oven dried at 200°C for 30 minutes to remove
substantially all df the .moisture cdntent. After drying the
sample weighed 130 grams. Thus, 429 of water remainéd after the
quicklime treatment which is the equivalent of 24% 'moisture
contéﬁt. Thus, the pfbcess of the invention reddced the moisture

content of the hemp from 70% to 24% in a short period of time..

Example 2
A bail of plastic wrapped 4ft. x 4ft ensiled hemp was stored

outside for one month and delivered to site for processing. The

'bail was opened at 6pm and a wet straw mass with strong lactic.
-acid odour and extensive microbial colonies were observed. This

‘raw ensiled straw was removed and reduced and pulverised to

approximately 6mm particle length and layered with powdered
quicklime in a 2:1 quicklime/hemp.ratio {(w/w). This mixture was
placed in a vessel with a 1id that was in turn placed in an
insulated box and a heavy weight applied to nminﬁain intimate
contact between  the hemp and the powdered quicklime. This
reaction mixture was left for two hours after which the mass of
hemp had become quite solid and an expansion of the mass-had
taken place. This mixture was lightly milled to break up the

mass and this was mixed with water in a ratio of 30% water to
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provide a (secondary product) paste. After addition of water no

further heat evolution was observed, indicating the all of the
quicklime had been converted to slaked lime. A portion of this
mixture was applied to a dry rendered block work wall with a
plasterers trowel and a closed surface was achieved. This was
three hours after the hemp was removed from the bail. It was
noted that the applied plaster did not exhibit the same rank
odours of the original hemp silage, indicative that
pasteurization and neutralization of long chain organic fatty
acids had occurred. = Gradual hardening was evident within

minutes and good adhesion was also self-evident.

The lack of exothermal reaction when additional water was added

confirms that the water used in the reaction of.‘quick lime’ to
‘slaked 1lime’ could only have originated _ftpm hemp material
only. This simple test also demonstrates thatbeipensive procéss
of field drying .and the Capital expensive process of
decortication, currently used in the Hemp industry are redundant

steps in the generation of hemp/limerbased building materials.

Example 3 »

Non;desiccated nettle was mixed with 2 parts hemp dry matter
with 1 part lime (w/w) ‘through a twin augur extruder. A
spontaneous exothermic reaction of 98 degrees centigrade was
observed. The mixture has a moisture content of 30% after the
process had completed. The material was immediately pressed into
aAfdrm and continued to evaporate moisﬁure as steam from the hot
mass surface. The material became a solid mass and dried
completely over a period of 5 weeks. The material has a bulk
density of .53tons/m3 which indicates it as an ideal insulating

building material.
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Example 4. ,

100kg of freshly swathed hemp was placed into'a éhopper box and
chopped into lengths of .01 to Ol.m in length. The moisture
cbnteht of chopped hemp was measured as 70% (w/w). The chopped.
hemp was then placed in a large mixer and 100kg high calcium
quicklime added. The conteﬁts were then mixed for two minutes to
dispérse the quicklime throughout the hemp, before being left to
react for one hour. The contents were then mixed for a further
two ﬁinutes before being left for two hours to react. The final

product hemp was found to have a moisture content of 19%.

Example 5 _
A bail‘of'wrapped 4ft x 4ft ensiled jute was stored outside for

‘one month and delivered to site for processing. The bail was

opened a wet straw mass with strong lactic acid‘ odour and
extensive micfobial colonies were observed.. This réw ensiled
jute was removed and reduced and pulverised to approXimately 6mm
particlé length and layered with powdered quicklime in a 2:1°
jﬁte/quicklime ratio (w/w). This mixture was placed in a vessel

with a 1lid that was in turn placed in an insulated box and a

_heavy weight applied to maintain intimate contact between the

.vstraw and the powdered quicklime. This reaction mixture was

left for two hours after which the mass of jute had become quite
solid and an expansion of the mass had taken place. This
mixture was lightly milled to break up the mass and this was
mixed with water in a ratio of 30% water to form a (secondary
product) paste. After addition of water no further heat
evolution was observed, indicating the all of the gquicklime had
been converted to slaked lime. A portion of this mixture was
applied to a dry rendered blockwork wall with a plasterers
trowel and a closed surface was achieved. This was three hours

after the jute was removed from the bail. It was noted that the

18



10

15

20

25

30

WO 2009/063442 i PCT/IE2008/000109

applied plaster did not exhibit the same rank odours of the
original jute Silage, indicative that pasteurization had
occurred. Gradual hardening was evident within minutes and good

adhesion was also self-evident.

The lack: of exotherm when additional water was  added confirms
that the water used in the reaction of ‘quick lime’ to ‘slaked

lime’ originated from jute material only.

Referring to the Figures, the intimate coating of slaked lime

crystals on the hemp fibres in the product is clearly shown,

.especially in Figure 7(b) where the hemp fibre is .completely

covered in slaked lime crystals. This is achieved in part due to

the fact that no‘wéter is added to the initial reaction which

fmeans that. the calcium oxide 1is forced to react with the

embodied biological ‘water in the plant-material'itSelf, and this
ensures that resultant slaked 1lime will be intimately - and
homogenously formed throughout the product and will coat the

fibres of the hemp component of the product.

With convention hemp farming techniques, field losses for
farmers are heavy, reducing profit for farmers. It is envisaged
that storage will be a major obstacle as production expands over
the coming years. While farmers see hemp as a new and exciting
break-crop, crop saving over 6 weeks of September and October,
with field losses of up to 40%, délays in sowing subsequent
crops, afe éll barriers to general farming acceptance and

profitability.

Industrial hemp processing is currently exclusively based on the

reduction of the dried crop through de-cortication systems based
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on hammer mills and/or roller breakers and subsequent separation
of fibre hutd/shivé and duét, Systems are supplied by companies
such as Tamafa, Vaﬁ Domelle and LaRoche with a price tag of £3-
5Million for a 10,000ton/ahnum line involving up to 70 pieces of
separate equipment. Hemp decortication is a.capital intensive
process and the hemp must be dry or serious production blockages
and delays will occur. It should be pointed out that regarding
the production of hemp/lime materials, water is added at the end
of the process, thus water is removed in the field only to be

re-added again by the processor

Farming aspects:

In this process, the supply chain begins with ensiled fibre
plant material. The fibre plant»crop is cut and chopped, blown
into a forage wagon by a suitable forager such as a Class Jaguar

850 6mm"preCisidn chop and vblown- into a forage trailer ‘and

removed immediately from the field to be ensiléd. in existing

silage pits. Lactic acid bacteria quickly convert the material
to stable fibre plant silage for storage until required for
further processing. This step has»a number»of»adVantages:

-® The farmer ldsses none of 'his crop and 98%. of the. crop

‘should end up on the weigh bridge

¢ The farmer can immediately plough his field for a winter

cereal such as wheat or green crop such as grass.

e The farmer has no turning . operation to dry the crop. Some
farmers have had to turn the crop up to 6 times in 07 and

dufing each turnihg operation field losses occur

® The risk of total loss during an extremely wet autumn is

completely eliminated
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The farmer does not have to build additional storage to

store the fibre plant crop

Beef farmers are currently seeking alternative farm
enterprises, as the beef sector is not profitable. Beef
farmers can switch to fibre plant farming at little capital

cost. -

Processing Aspects

The following are all the advantages for the processor

® The reduction/rendering of the crop to a small particle

size has occurred .in one simple operation in the field.
Green fibre plant is much easier to cut than desiccated

fibre piant. This has now been‘achieved

® An existing work force of silage contractors and silage

equipment can be directed towards the harvest the fibre
plant crop simultaneously over broad geographical areaé._
With the dry line dercortication syStenl very expensive

custom made equipment must first of all be sourced and
this acts as a barrier to farﬁer entry as no harvesting

service is readily available

e only simple blending machinery to combine the materials

is required

¢ the process actually generates energy and the overall

energy requirements are largely reduced

e the footprint of the factory space is reduced and in one

expression of this process no factory is necessary at all
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as materials can be processed diréctly from field to

final wall placement.
e production can be expanded very quickly to satisfy demand

e the price can be reduced to the end user as the capital
investment is an order magnitude less than de~-

vcorticétion/desiccated fibre costs

e farmer contracts are easily achieved as the farmer will

now make a good return

e Dbioregional expansion 1is more achievable as factory

space, energy cost and transport costs are all reduced

As a‘ comparison, a hemp/lime product formed according to the
prdcess of thé invention (non-dessicated hemp/lime) wés comparéd
with a conventional deséicatéd hemp/lime product and other lime-
based building pfoducts in terms of product breathability and

Moisture Buffering Value MBV. The results of this comparison are

- summarized in Table 1 below}

Table 1

MBV

Portland Hydraulic Fat Lime Desiccated | Non-
cement lime ~ | hemplime desiccated

hemp-lime
Non Compromised High MBV Rapid

: ' ... . | Breathable .
breathable | breathability . breathability

Medium MBV

Very low | Medium MBV Very High MBV

Fast Set Medium set Slow set Slow set Medium set
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A further comparison of non-dessicated cultured (ensiled)
hemp/lime (of the invention) and dessicated hemp/lime (prior

art) was carried out and the results are summarized in Table 2

below.

Table 2

Desiccated Contaminated Hemp

Non-desiccated Cultured Hemp

¢ Danger of Total Crop
Loss in Temperate
Climates

e Creation of
degenerative microbial

and fungal populations

on hemp/fibre  straw

feedstock
e Harvest involves field
which takes

ideal

drying

time = even in
conditions and involves

field

multiple
operations
e Heavy Field losses

occur as crop 1is 1laid

on field, turned and
returned. Baler fails
to pick-up - crop and

crops disintegrates due

to mechanical damage.

e Danger of <crop 1loss
eliminated as
harvesting 1is climate
independent

¢ Fermat ion ‘ of |
beneficial microbial

population to preserve
and condition Crop for
processing ‘
Simple one pass harvesting
-achieved in '

operation .one

day
. 'Fieid losses virtually
is

eliminated as crop

cut and blown directly

into transport wagon.
Crop 1is not 1laid on
ground or handled on

ground. All leaf,«seed

flower and stem

fractions are saved.

e Contamination of crop

eliminated -
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Contamination of crop

With soil stones' and

field debris likely

Multiple operations
increase farm,
- machinery, diesel and

labor costs

Mechanical cutting and

reduction of crop
impossible as reduced
crop cannot then be

picked up from ground

Bales demonstrate
uneven moisture content

and variations

Degeneration of
biochemical/photochemic
al cellular and
extracellular |
componénts

Up to 15% of saved crop

becomes dust or store

causing health risk to

factory worker and
necessitates
significant investment
in fire prevention
Requires large storage
sheds to be of

- No dust

Single operation.
reduces farm,
machinery, diesel and

labor costs

Mechanical cutting and
reduction of crop
simplified and crop can
be easily cut while
cells are stili turgid

and green.

Preserved hémp/fibre
has uniform moisture
content
,Pre$ervatibn : of

.biochémical/phytoqhemic

al cellular and extra-

cellular components

issues: occur

during production

process , significantly

reducing danger of

fire, dust explosions

and health and safety

of personnel creating

No : ' storage
infrastructure‘

reguired. Field storage
possible or existing
extant silage stores

can be utilized
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commercial economic e Existing harvesters
interest _ owned/operated

commercial contractors

e Specialist harvesters available for immediate
and lack of commercial usé
contractors act as
impediment to e Green crop can be sown
commercialization of immediately after
industry harvested to improve

agronomic economics

® Green crop sowing e Increased dry matter
limited due to extended | yield to farmers and|
harvest period increased income

e Reduced dry mater yield
to farmers resulting in e .Increased utilizable
reduced income . yield to processor from

given land base

e Redﬁced . utilizable
'yield to processor from & Reduced capital cost of
_given land base o processing. Simple &
‘ , _ economical ‘
e Typical - €2-5million

capital requirement for

processing

From the above it can be -seen that there is no advantage in
field drying and preserving hemp when compared with non-
desiccated cultured hemp. The simple reason that no single

commercial example of a non-desiccated cultured hemp processing
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operation exists is due to the high energy cost of drying the
non-desiccated hemp. The cost is so high that is excludes
commercialization. The invention realizes the heretofore unused

step of introducing quicklime as the sap desiccating step while

- simultaneously providing the mineral component in the hemplime

mix. The invention simplifies and economizes all harvesting,
agronomic and processing aspects. The invention allows for rapid
deployment of a carbon locking building materials by removing
supply chain impediments such as profitability, availability of
harvesting equipment, availability of storage, availability of
processing machinery infrastructure and localization of

processing.
The . invention is not 1limited to the embodiments hereinbefore

described which may be wvaried in construction, process and

detail without departing from the spirit of the invention.
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APPENDIX 1
Bio-Slake Trials Potzdam
Ratio by weight
Ca0 | Hemp Temp. Time to Total Final Dry | DM percental
Peak to peak Moisture Matter unprocessed | reduction
(°C) (min) % (after [%] hemp of
reaction) (before moisture
mix) [%]) due to
slaking
(%]
1 0.25 70.1 41 18.39 81.6 27.7 53.9
1 0.50 59.7 37 37.4 62.6 27.7 34.9
1 1.00 43.4 46 47.5 52.5 27.7 24.8
1 1.50 34.6 52 55.89 44.1 27.7 16.4
1 2.00 32.3 37 59.43 40.6 27.7 12.9
1 4.00 28.1 43 65.36 1 34.6 27.7 6.9
Ca0O | Hemp | Temp. Time Total Final Dry | DM - percental
Peak to to | Moisture |Matter extruded | reduction
(°c) peak % (after [%] hemp of moisture
(min) reaction) : (before due to
: : mix) [%] slaking [%]
1 0.25 [179.3 31 12.1 87.9 30.67 57.2
1 0.50 {69.5 26 29.28 70.7 30.67 40.1
1 1.00 .}41.3 45 44,69 55.3 30.67 24.6
1 1.50 {34.6 48 51.6 48.4 30.67 17.7
1 2.00 {28.5 - |52 55.37 44.6 30.67 14.0
1 4.00 |27 53 61.87 38.1 30.67 17.5
CaO | Hemp | Temp. Time to | Total Final DM milled.| percental
Peak to peak |Moisture |Dry hemp reduction
(°c) (min) % (after | Matter (before of
' reaction) | [%] mix) moisture
[%1 due to
slaking
[5]
1 0.25 170.6 20 12.55 87.5 30.44 57.0
1 0.50 |65.4 24 29.66 70.3 30.44 39.9
1 1.00 {58.3 35 45.1 54.9 30.44 24,5
1 1.50 |40.8 39 52.7 47.3 30.44 16.9
1 2.00 |31.6 46 55.38 44,6 30.44 14.2
1 4,00 |27.8 50 57.54 42.5 30.44 12.0
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CLAIMS

1. A process for producing a - fibre plant/lime product

comprising a step of providing a fibre plant starting
material having a water contenf of at least 50% (w/w),
admixing the starting material with calcium oxide to form a
reaction mixture, and allowing the calcium oxide react with
embodied biological water in the starting material to form
the fibre plant/lime product in which embddied biological
free water in the fibre plant material has'beeﬁ converted

to slaked iime.

. A process as claimed in Claim 1 in which the fibre plant

starting material is non-dessicated fibre plant material{

. A process as claimed in any of Claims 1 to 2 in which the

fibre plant starting material is ensiled fibre plant

material.

. A pfocess as claimed in Claim 3 in which the ensiled fibre

plant material has been ensiled for a sufficient period of
time to- allow the production of fermentation products

within the ensiled material.

. A process as claimed in Claim 4 in which the fibre plant

material is ensiled for at least 7 days.

. A process as claimed in any preceding Claim. in which the

ratio of fibre plant starting material to calcium oxide in

the reaction mixture is between 10:20 and 10:1 (w/w).
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7. A process as claimed in any preceding Claim in which the
fibre plant starting material is pulverised prior to
reaction with the calcium oxide to produce'particles having

a mean length of between 1 and 100mm.

8. A process as claimed in any preceding Claim in which the
reaction mixture 1is processed to ensure intimate contact
between the fibre plant starting material and the calcium

oxide.

9. A process as claimed in any preceding Claim in which the
fibre plant/lime .product is milled prior to further

treatment.A

10. A process“as claimed in any preceding Claim in .which
the fibre plant/lime product is optionally milled and then
mixed with water to provide a wet-mix fibre plant/lime

paste.

11. /A'process'as claimed in any of Claim 1l to 10 in which
ﬁhe fibre plant/lime product isi post-treated to form a
masonry, insulating or bﬁilding product,‘~wherein the
treatment is selected from the group consisting of:
casting; compression; drying; and heating; autoclaving or

any combinations thereof.

12. « A process as claimed in Claim 12 in which s part of
the post-treatment of the fibre plant/lime product, a
further component is added to the fibre plant/lime product
selected from the group consisting of: a structural

component; and a binder component.
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13. A process as claimed in Claim 12 in which the
structural compoﬁent is selected from the group consisting
of: clays; gypsum; water glass pozzalanas; rock dust; and

other mineral-conatining products.

14. A process as claimed in Claim 12 or 13 in which the
binder component is selected from the group consisting of:
lime products including hydraulic limes, portland cement,
‘and calcium alumina cement; and orgénic compounds such as

bitumen, and any organic polymer.

15. . A process as claimed in any preceding Claim in which
the fibre plant starting material has a water content of at

least 60% (w/w).

i6. A process as claimed in any preceding Claim in which
at least 75% of the water content of the fibre plant

starting material is embodied biological water.

17. A process as claimed in Claim 16 in which at least 90%:
of the water content of the fibre plant starting material

is embodied biological water.

18. A process as claimed in any preceding Claim in which
at least 50% of the slaked lime contained within the fibre
plant/lime product is formed from embodied biological water

in the plant material{

19. A process as claimed in any preceding Claim in which
at least 80% or 90% of the slaked lime contained within the
fibre plant/lime product is formed from embodied bioclogical

water in the plant material.

3
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20. A process as claimed in. any prededing Claim which is a

process for (partially) drying fibre plant material.

21. A process as claimed in any preceding Claim in which
the starting fibre plant material is selected from the
group consisting of: hemp; jute; manila hemp; kenaf;
miscanthus; sisal; papyrus; flax; nettle; cardoon; and

combinations thereof.

22. A process as claimed in Claim 21 in which the starting

fibre plant material is hemp.

- 23. A fibre plant/lime product obtainable by the process

of aﬁy of Claims 1 to 22.

24, A wet-mix fibre plant/lime paste obtainable by the

-process of any of Claims 10 to 22.

25. A ‘mésonry, buildingf or particle 'board, produét_

obtainable by the method of any of Claims 11 to 22.

26. A fibre plant/lime product of Claim 23 for use as a

masonry, insulating or building product.

,27.Use as -claimed in Claim 26 in which the building product is

selected from the group consisting of: building aggregates;
plaéters; mortars; insulation plasters mortars; grout; tile
adhesives; caulking material extruded putties; bricks;
blocks; wall infill; floor infill; roof insulation; mass
hempcrete; roof tile; continuous roofing system; and cement

system re-enforcement.



WO 2009/063442 v PCT/IE2008/000109

28.A fibre plént/lime composite prdduct of>£héviype forﬁédfin

a process in which fibre plant material is admixed with

calcium oxide. resulting in the formation of slaked lime

5 which binds the-cOmpqsite and which upon drying reacts with
CO, to form a calcium carbonate, wherein the slaked lime

ihtimately coats the fibres of the fibre plant material.

29.A fibre plant/lime product as claimed in Claim 28 in which

10 the slaked lime particles bind to a surface of the fibres.
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