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@ Process for upgrading low-grade fuel fines and fuel so obtained.

@ A process for upgrading low-grade fuel fines having
a particle size of less than 25 mm comprising shaping the
fines into coherent bodies and heating these bodies at a
temperature of 150—375° C in the presence of water at a
pressure which is higher than the vapour pressure of
water at the applied temperature.
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PROCESS POR UPGRADING LOW-GRADE FUEL FINES AND
FUEL SO OBTATNED

The invention relates to a process for upgrading low-grade fuel
having a particle size of less than 25 mm.

Solid fuel which contains more than 10% by weight, and more
particularly more than 4Q% by weight of bound and/or unbound water
(herein referred to as low-grade fuel) can suitably be subjected to
thermal upgrading. This fuel is designated as low-grade because its
weak or crumbly consistency gives it poor handlesbility and because
the calorific value lies too far below that of normally used fuels
such as hard coal or oil. Examples of such fuel are young coal (such
as brown coal), peat, lignite, wood and carbon-containing waste
(such as compost). '

Young cocal, for example, generally contains 40-70% by weight of
water and peat contains 80-90% by weight. The water in said fuels
occurs in a number of forms, namely as inherent or absorbed water,
as a constituent in compouﬁd organic substances, as chemically bound
water (for example water of crystallization) and as potentially
present water, i1.e. water that forms from chemically bound oxygen
and hydrogen during upgrading of the fuel.

It is desirable to remove these types of water down to desired
percentagzss and to separate them from the fuel, sc as to raise the
calorific value and to improve handleability. As a result of such
treatment the fuel VYecomes less expensive to transport and its com-
tustion properties are improved.

There are various ways of upgrading low-grade fuel, the most
commonly used routé being thermal upgrading. EZxampies of the varicus
possibilities of achieving thermal upgrading include:

- The fuel can be dried (heating at atmospheric pressure at a

Ony

temperature below 150 C}, asz a result of which the inherent

®

water axzd the absortved water is driven off and evaporated. This
requires a relstively large amocuns of snergy (neav of 2vapo-
raticn, and in most cases cnly produces a partial reduction oF

ks watar ccntent of the fuel Th ~araral the water drive
02 Waoar conten Oxn T4 Iue.. i3 gnerat L8 water ariven
D H

BAD ORIGINAL



2 0019969

off will in the course of time be reabsorhed.

- The fuel can be subjected to such heating (suitably between 150
and 25000) that a thermal upgrading takes place as a result of
which chemically bound water is eliminated frem the fuel and

5 cannot be reabsorbed. This thermal upgrading can be carried out
under condition; in which the water to be removed evaporates
(and this required additional energy, in the form of heat
evaporation) or at such a pressure that the water remains
liguid (so that a physical separation between a solid and a
10 liquid phase becomes necessary).
- The fuel can be subjected to a treatment under more drastic

conditions, under which organic substances such as acids, salts

and esters are partly decomposed, such as by decarbtoxylation
(separation of carbon dioxide). An organic substance (for ex-

15 ample R.COOH) comprising an oxygen-containing group (for ex-

35

ample a carboxyl group, i.e. COOH) can split off carbon dioxide
: while the hydrogen is becoming attached to the remaining
carbon chain (for example: R.COOH —> RH + 002). This decom~

position occcurs at higher temperatures - in particular above

20 350°C - and is accompanied by a drastic structural change of

the fuel. Carboxylation, for example, causes fuel to become

rovg s

hydrophobic instead of hydrophilic, since the decarboxylation
causes the polar oxygen-containing groups, which gave the fuel
its hydroPhilic character, to disappear.
25 An advantage of thermal upgrading in the presence of water (at
' a pressure higher than the water vapour pressure at the selected
temperature) is that the formation of gas from the fuel (largely as
a result of decarboxylation) already begins at 30000, whereaé under
dry conditions (at a pressure lower than the water vapour pressure

30 at the selected temperature] the formation of gas is fairly insig-

nificant below 100°C.

In the past a number oFf proposals have been made envisaging an
economically acceptable upgrading, and the Applicant itself has also
proposed a process of the type mentioned in the preamble (see U.K.

35 patent specificazion No. 1,471,949]. In said process, which is of

the slurry type, finely divided fuel is mixed with water into a

bt
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puxpable slurry, and the slurry is heated at high pressure until
upgrading coccurs. Besides a number of advantages, said slurry
process has the inherent drawback that the added quantity of waster
also has tc be heated. Nevertheless, 1t has attracted wide interest
from various quarters.

The present invention dces not relate to the above-mentioned
slurry process, but to a fixed-bed process which has been kxnown for
some time and in which the fuel, not in a pumpable slurry dut es-
sentially without additional water, is heated in a fixed ved under
such conditions that the driven-off water remains liquid. In this
description, fixed bed-type processes include all processes in which
a charge of solid fuel or a convinuous stream of solid fuel is
heated without the charge first having been converted into a pumpable
siurry in water. Such processes may, for example, make use of a
fixed bed, a moving bed or a fliuldized bed.

An example of such a fixed-bed process is the Fleigsner process,
which essentially comprises the heating in a vessel of a gquantity of
fuel (see US patent specificaticn No. 1,632,829 and Industrial and

Engineering Chemistry, December 1930 (Vol. 22, No. 12, pp. 1347-

[}

1360)). The fuel is present in a fixed bed and is heated by passing
saturated steam into the vessel, which steam partiaily condenses.

The condensed steam and the water originating from the fuel percolate
downwards through the fixed bed.and are drained off at the bottom of
the vessel. Said process is used on a considerable scale Iin practice.

-

Tkhe. inventicn relates to such s process, in which on the one hand

liguid water is indeed present during Ihe heating, but on the other

hand, there is so litile water that the charge to be heated is in
the solid state.

In the "fixed-bed" processes of the Fleissner type, the fuel in
the reaecscr in which trze heating Sakes place must have as uniform as
Dossibls a particle size, which size is situated between certain
Iinizs. The upper limii is impcsed by the reguirements that the

<nrcugh-neat time must e sulficiently shors, i.2. that the intericr

reguirad semreraturs suifiziently fast to arrive at an econcmic
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smallest particles must not be washed out of the bed and by the fact

that the proportion of inherent moisture increases with the per-
centage of small fuel particles (drainage from the hed deteriorates).
Certain fuels become available with too small a particle size,

g 5 and they are not suitable for the Fleissner process. Other fuels

contain a fraction, often considerable, with too large particles.
Reduction (for example by grinding or crushing) always yields, in
addition to a usable fraction, a fraction fines with too small
particles which, hithertc, could nct be utilized in the fixed bed-

10  type process. It will be clear that these fines represent a loss,
since they collect a considerably lower return than upgraded fuel.

The object of the present invention is to change this situation
and to provide a fixed bed-type process for the upgrading of fuel
fines.

15 According to the invention low grade fuel fines having a
particle size of less than 25 mm are upgraded by shaping the fines
into coherent bodies and heating these bodies at a temperature of
150—3TSOC in the presence of water at a pressure which is higher
than the vapour pressure of water at the applied temperature.

20 It has been found that the coherent bodies do not lose their
initial strength during thermal upgrading and mostly even become
considerabiy stronger. A possible explanation of this is that during
the upgrading treatment some tar is formed, which might act as the
binder. Of course, the bodies must possess a certain minimum "green'

25 strength before thermal upgrading, in order that they can be passed
without disintegrating to the apparatus in which they are subjected
to the thermal upgrading treatment.

A very important advantage of the process according to the
invention 1s that the separation of the upgraded fuel and the

30 driven-off water is much simpler and cheaper and that the upgraded
end prodﬁct is obtained in convenient form and does not dust.

In practice, it has heen found that the reguirement of a certain
minimum "green" strength can be met ir a2 number of ways. The bodies
may, for example, be cbtained by axtruding, dy briquetting, dy

35 opressing (tablet making) and by compaction (ramming].
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A very attractive method in which the shaping of the bodies can
e combined with their supply to the space in which the upgrading
treatment takes place, consists of supplying the fines tc the up-
grading space via an extrusion press or via a solids pump for over-
coming high pressure.

The pressure which is applied for the purpose of shaping the
bodies depends inter alia on the type of fuel, but it is usually
between 0.1 and 25 kN/cm? and preferably between 1 and 15 kN/cmz.

Although the application of a higher pressure will be corres-
pondingly more expensive, it often yields the advantage of a greater
strength and possibly partial dewatering when the bodies are shaped.

According to the invention, it is preferred to shape bodies
having a largest dimension between 10 and 150 mm. On the one hand,
such bodies give a sufficiently rapid upgrading and, on the other,
they present no problem when separating the formed water from the
bodies. It is preferred that during the heating of the bodies no
Tines are present having a particle size of less than 5 mm and

preferably less than 10 mm.

In this connection it is noted that it will be clear that in
all cases the bodies will be larger than the particles of which they
are composed, so that the lower limit of 10 mm only applies tc
bodies made of particles having a smaller size.

If the "green" strength of the bodies isg not satisfactory,
according to the invention a binder can be added to the fines before

the bedies are shaped. Examples of such binders are bitumen, residual

petroleum fractions, and coal tar.

A principls known per se can be advantageously applied to %the
D D T o _

present invention, namely that after the heating of the bodies and

14

removal of the liquid watar, the pressure in the upgrading space is

reduced and/or the temperature is raised sc that steam forms, thereby

tromoting the decarbaxylation and facilitating the separation of

fuel and water. During this second heating period undar the changed

conditions, the upgrading treatment i1s continued.
The Invention will now be elucidated with reference to two

T

specific examples of a process according to the invention.
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EXAMPLE ]

A quantity of Victoria brown coal (an Australian brown ccal
having a water content of 53.9% by weight and a calorific value of
3078 cal/g) was compacted at a pressure of 5.0 kN/cm2 to form
cushion~shaped tablets having a largest diameter of 11.4% mm.

A quantity of 553.8 g of tablets was heated at a temperature of
250°C for 60 minutes at a pressure of U5 bar; during heating the
tablets remained in contact with the separating water, which remained
ligquid (the water vapour pressure at 250°C is approx. L0 bar). The
formed water was subsequently drained off.

Next the tablets were heated for 60 minutes at 360°C at a
pressure of 4O bar, during which treatment all the present water and
all the forming separating water was in the vapour state (the water
vapour pressure at 360°C is approx. 190 bar).

During both treatments the tablets remained intact, but con-
siderable crimping occurred: after the treatment the tablets were
reduced to only 37% of their original volumes (the largest tablet
dimension was now 8.2 mm) .-

- Upgrading may therefore be said to have taken place with regard
to transportability (the fuel takes up considerably less space). The
product has also been upgraded with regard to its combustion proper-
ties, since the calorific value of the Tuel after the treatment was
7600 cal/g (which is more than double the original value).

The following mass balance can be given for this experiment:

The tablets originally consisted of 256 g dry coal and 298 g

water. After completion of the treatment there remained 207.3 g of

.
} - which

end product, 17.75 1 of gas was formed (principally <o, .
corresponds to a consumption of approx. 35 g = 13.5% of the dry coal
of the starting product, and approx. 5.5% of the dry ccal of the
starting product was converted into tar. The end product thereiore
contained 19% by weight of dry coal less than *he starting prcduct.

Fram this mass valance the following energy balance can be
csdcuiated: '

The starting product, namely 553.3 g, had 2 calorific capacity

of 553.8 x 3078 cal = 1705 kcal.
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The end product, namely 207.3 g, had a calorific capacity of
207 .3 x T6Q0 cal = 1575 keal.

The end product therefore still represented 92.1%. of the calo-
rific capacity of the starting product, concentrated into 37% of the
original volume and into 37.4% of the original weight. Upgrading may
therefore most certainly be said to have taken place.

The wabter content of the treated tablets was approx. 1% by
weight.

In order to obtain an idea of the strength of the tablets in
the various stages, the loads at which the tablets began to burst
under a press were determined: 7
- the "green" strength of the untreated tablets was 4.0 N;

- the strength of the tablets after the treatment at 250°C was

7.5 N3 and
- the strength of the tablets after treatment at 360°C was 29.8 N.

This demonstrates clearly that the strength of the tablets
increases as a result of the upgrading treatment, which cZn be a
great advantage in subsequent processing. Incidentally, the strength
of lumps of the same brown coal (untreated) was L.2 N.

In order to obtain an idea of the dusting properties of the
treated brown coal, the tablets were subjected to a drop shatter
test (modified ASTM D L4L0). In this, the elements to be tested are
dropped a number of times in a conditicned manner and after the test
the weight perceﬁtage of the fraction of small particles in the

residues 1s analysed:

- of tablets heated only %o ESOOC, 33.0% by welght shattered into

particles smaller than 2 mm:

- of tablets additionally heated at 360°C, only 6.3% by weight
shattered into particles smaller than 2 mm, and

- of lumps of brown coal of ccmparable dimensions which had been
thermally dried, 84.0% by weight shattered into particles
smaller tThan 2 mm.
This shows clearly that upgrading may also be said to have

taken place with regard to the dusiing properties and handleability.

BAD ORIGINAL
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EXAMPLE 2

A quantity of Morwell brown coal (an Australian brown coal
having a water content of 61.2% by weight and a calorific value of
2600 cal/g) was compacted at a pressure of 5.0 kN/cm2 to form uniform
tablets (the same dimensions as in Example 1). The tablets were then
heated at 340°C at a pressure of 156 bar for 1 minute (the vapour
pressure of water at 3hOOC is approx. 149 bar) in the presence of
some inherent moisture. »

During this treatment there was a crimping of 40% and approx.
12% of the dry coal was lost during the treatment.

The end product had a water content of 34.6% by weight and a
calorific value of 4960 cal/g.

Here again, upgrading may therefore be said to have taken
place, since the volume was decreased by 40% and the calorific value
was more than doubled. '

Incidentally, the water content of the brown coal is still
considerable and capable of further improvement.

Iﬁ‘a drop shatter test, 1.9% by weight of the upgraded tablets
shattered into a fraction smaller than 1.18 mm, while of upgraded
brown coal lumps (particle size 7.5-12 mm) a quantity of 6.9% by
weight shattered into a fraction smaller than 1.18 mm.

This shows that even an upgrading treatment of short duration

produces strong tablets and a reduction in water content.
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CLATIMS

1. A process for upgrading low-grade fuel fines having a particle
size of less than 25 mm comprising shaping the fines into coherent
bodies and heating these bodies at a temperature of JSO-3TSOC in
the presence of water at a pressure which is higher than the vapour
pressure of water at the applied temperature.

2. A process as claimed in eclaim 1, in which the bodies are
obtained by extruding, briquetting, pressing or cbmpacting.

3. A process as claimed in claim 1 or 2, in which the bodies are
shaped at a pressure of 0.1-25 kN/cm2 and preferably at a pressure
of 1-15 KN/ ca”.

4, A process as claimed in any one of claims 1-3, in which bodies
are shaped having a largest dimension between 1Q and 150 rmm.

5. A process as claimed in any one of claims 1-4, in which a
binder is added to the fines before the bodies are shaped.

6. A process as claimed in any one of claims 1-5, in whicéh during
the heating of the bodies no fines are present having a particle
size of less than 5 mm and preferably less than 10 mm.

7. TFuel when obtained by az process as claimed in any one of claims

1-6.
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