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(57) Abstract: The process for the treatment of carbonaceous slurry, comprises the steps of injecting a gas comprising oxygen into said
slurry at temperatures of 150 °C to 350 °C and a pressure of above the associated boiling point pressures resulting in an gas-/vapor-
mixture comprising at least water, oxygen and hydrogen, as well as determining the volume fraction of water in said vapor-/gas-mixture
and stopping the injection of gas comprising oxygen in case the volume fraction of water is below 0.84 in said vapor-/gas-mixture. The
volume fraction of water vapor in said vapor-/gas-mixture is determined by the IAPWS formulation for water and steam.
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Process and plant for the treatment of carbonaceous slurry

The present invention relates to a process and a plant for the treatment of car-
bonaceous slurry in general, produced by an upstream alumina production
process in particular, comprising the steps of injecting a gas containing oxygen
into said slurry at temperatures of 150 °C to 350 °C and pressures above the
associated boiling points resulting in a vapor-/gas- mixture, mainly comprising
water, oxygen. nitrogen and hydrogen, determining the volume fraction of water
vapor in said vapor-/gas- mixture and stopping the injection of gas comprising
oxygen, preferably oxygen enriched gas or pure oxygen, in case the volume

fraction of water vapor is below 0.84 in said vapor-/gas- mixture.

In a process for the treatment of carbonaceous slurry, carbonaceous molecules
are flamelessly combusted (i.e. oxidized) at elevated temperature and pressures
by an oxidant, e.g. oxygen, contained in as air or as pure oxygen, which is
commonly referred to as wet oxidation and is described in US 2,665,249. It is
assumed that the oxygen is no longer in the gas phase when acting as an oxi-
dant. It dissolves into the liquid first and the oxidized. Typically, the oxygen is
supplied in substoichiometric and below solubility. The aim is to avoid excess O
in the off-gas to be oxidized matter. Compared to other processes for the limita-
tion of the content of carbonaceous matter, wet oxidation is a rather energy and
cost efficient process to produce a basically clean liquor phase. Modern under-
standing of the wet oxidation process chemistry is that the bi- radical oxygen
starts a radical reaction by reaction with water and/or the carbonaceous mole-

cules.

A common problem of wet oxidation is the increased generation of hydrogen as
a by-product via recombination of a hydrogen atom and water molecules forming
elemental hydrogen- and OH-radicals. Even in the produced small amounts of
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hydrogen may form an explosive mixture with any oxygen that may be present in
the gas phase, wherein the mixture is easily ignited at the elevated tempera-
tures and pressures required for the wet oxidation process.

To solve this problem, Arnswald ("Removal of organic carbon from Bayer liquor
by wet oxidation in tube digesters", Light Metals 1991, pages 23 to 27) has
suggested measurement of the oxygen content in the gases produced in the wet
oxidation process. Since a mixture of hydrogen and oxygen is explosive when
the oxygen content is between 3 and 97 vol.-% at the typical process tempera-
tures of above 300 °C, Arnswald suggests to shut down the wet oxidation pro-

cess in cases the oxygen content exceeds 3 vol.-%.

On the other hand a gas mixture containing the species water vapor, hydrogen
and oxygen is not explosive, as long as the water vapor content in a mixture of

water vapor, hydrogen and oxygen exceeds a volume fraction of 0.84.

Water content in a gas stream is difficult to determine under the high tempera-
tures and pressures present in a wet oxidation process, which is why the oxygen
content is used as reference by Arnswald.

Using the oxygen content as reference for an explosive mixture, a dead time
between the extraction of the to be analyzed gas and the detection of an explo-
sive hydrogen/ oxygen mixture of up to 90 seconds is to be expected, since the
vapor-/gas- mixture is to be extracted and refined before the oxygen content is

analyzed by analyzers downstream of the process.

Several efforts have been conducted to reduce the detection time of said for-
mation, all using oxygen content as reference. One of the main advantages

thereof is that oxygen detectors are readily available.
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It is an object of the present invention to reduce the dead time in detection of an
explosive oxygen / hydrogen mixture in a wet oxidation process as well as to
reduce the investment costs and the maintenance requirements and to improve

the reliability of the procedure employed.

This object is solved by the subject matter of independent process claim 1.
Specifically, the present invention provides a process for the treatment of carbo-
naceous slurry, as for instance produced by an upstream alumina production
process. By injecting a gas comprising oxygen, preferably an oxygen rich gas
with an oxygen content of > 20 vol.-%, into said slurry at temperatures of
150 °C to 350 °C, preferably 150 to 300 °C and a pressure above the respective
boiling points, a vapor-/gas- mixture at least comprising water, and hydrogen is
obtained. This is due to the decomposition of the carbonaceous molecules
resulting in the formation of water and hydrogen via a side reaction.

Oxygen potentially is omnipresent in the described process, since it is intro-
duced in significant quantities. Whereas the prior art utilizes oxygen sensors for
determination of the oxygen content in the vapor-/gas- mixture, the present
invention proposes the determination of the volume fraction of water in said
vapor-/gas- mixture. In case the volume fraction of water is below 0.84. prefera-
bly 0,9, the injection of gas comprising oxygen is immediately stopped, which
prevents further formation of an explosive oxygen/ hydrogen mixture. According
to the invention, the molar fraction of water in the vapor-/gas- mixture is deter-

mined as follows:

The pressure of the mixture of water vapor and non-condensables (NC) such as
hydrogen and oxygen measured at any process point of the process represents
the absolute pressure of that mixture, consisting of the sum of the partial pres-

sures of water vapor and non-condensables.
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Measuring the absolute pressure and the temperature at a given process point
allows to determine the following:

e With temperature and pressure being linked (by the IAPWS formulation of
water and steam) to one another for a pure water and saturated vapor
phase, the temperature measured at a given process point is the tempera-
ture corresponding to the partial pressure of the saturated steam in the wa-
ter vapor/non- condensable mixture at that process point. Via the IAPWS
formulation the corresponding saturation pressure Ps can be calculated.

e The knowledge of the absolute pressure P of the water vapor/non- conden-
sable mixture (NC) and the partial pressure Ps of the steam fraction in that
mixture, allow for the calculation of the mole fraction Xyc of the non con-

densables (= volume share) in the mixture:

P -Ps
Xng = -mm-mmmmee- _
P

The volume fraction of a compound is defined as the amount of said compound
in a given volume divided by the total amount of all constituents in the corre-

sponding mixture.

Figure 1 shows the respective detection of an explosive vapor-/gas-mixture by

temperature-/pressure-measurement.

Therefore, if the water content of the vapor-/gas- mixture is sufficient high to
prevent a formation of an explosive mixture, the water content in the upstream
process steps will be above the critical limit of 0.84, preferably 0.9, for the vol-

ume fraction of water in the vapor-/gas- mixture. In other words, the water con-
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tent in the vapor-/gas- mixture deviates from the water content in the upstream
process steps, in which wet oxidation occurs. Therefore, the continuous and
instant determination of the volume fraction of water in the vapor-/gas- mixture
allows a reduction of the dead time between formation and detection of an ex-
plosive oxygen/ hydrogen mixture.

However, it will still take just as long to purge out the Ngas - which may contain
oxygen - as for an Oz detected trip. To avoid dead time, it is necessary to have a

trip on both, O, and partial pressure,

The temperature and pressure of the vapor-/gas- mixture are used to determine
the volume fraction of water at the particular point of measurement. Said deter-
mination is based on the fact, that in each point of the wet oxidation process a
water saturated gas phase is obtained. In other words a dynamic equilibrium
between condensed (liquid) water and water vapor is observed. For a pure
(100 vol.-% water) phase this equilibrium is described by the water vapor pres-
sure saturation- curve. The water saturated gas phase in a wet oxidation pro-
cess, however, also contains non-condensable gases such as hydrogen and
oxygen. Due to the presence of these non-condensable gases, the equilibrium
between condensed and vaporous water is "distorted", such that the tempera-
ture of a saturated water mixture is no longer correlated to the absolute pres-
sure, but to the partial pressure of the water, which then allows to quantify vol-
ume fraction or molar fraction of water. In other words, the presence of the non-
condensable gases results in a temperature measured, which is lower than if

compared to the temperature to be expected for a pure water phase.

Therefore, temperature and pressure sensors are used in accordance with the
invention. Since these sensors are required for the control of the wet oxidation

process parameters, no additional sensors may be necessary. Further, tempera-
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ture and pressure sensors are very robust and require little maintenance, the

overall process costs are reduced.

Preferably, the molar fraction of water is 0.84 to 1.0, preferably 0.9 to 1.0 , the
molar fraction of oxygen is 0 to 0.16 and the molar fraction of hydrogen is O to
0.16 and wherein the sum of the molar fractions of all constituents of the vapor-

/gas- mixture is 1.

The molar fraction of water is determined by the procedure described above.
Figure 2 shows temperature differences measured at a given system pressure
with water vapor fraction of 0,84 in the water-vapor mixture.

It is preferred, that the temperature and the pressure of the vapor-/gas- mixture
is measured after separation of a major part of water, e.g. via condensation in a
condenser vapor-/gas- mixture. As an immediate safety mechanism, the con-
densation of water may be stopped same as the introduction of oxygen contain-
ing gas in cases the determined water vapor fraction is too low. The stopped
condensation increases the water content downstream of the condenser and
thus further prevents the formation of an explosive hydrogen / oxygen mixture

downstream of the condenser.

In a further preferred embodiment, a chemically inert gas, e.g. nitrogen, is added
to the vapor-/gas- mixture removed from the at least one flash tank. This may be
done directly after the flash tank. However, it is particularly preferred to provide
an inlet downstream of the separation of water, since a formation of an explo-
sive mixture is promoted by water separation. The addition of a chemically inert
gas further provides a procedure, which very rapidly, i.e. within less than 30
seconds, can adjust the hydrogen/ oxygen mixture to non-explosive conditions.

In this regard it is particularly preferred that the amount of inert gas such as
nitrogen, is adjusted such that in case in the vapor-/gas- mixture in case a molar
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fraction of water of less than 0.84 is determined. This further prevents the exist-

ence of an explosive hydrogen/ oxygen mixture is prevented.

The object of the present invention is further solved by a plant for the treatment
of carbonaceous slurry according to the features of plant claim 7.

Specifically, such a plant, in particular downstream of an alumina production
process, comprises at least one flash tank with at least one inlet for introduction
of —with respect to its content on carbonaceous matter- untreated and/or partial-
ly treated slurry provided via a supply tube. Further, a gas supply tube is provid-
ed for introduction of a gas comprising oxygen to said slurry upstream of the
flash tank to allow for the necessary residence time for the dissolution of the
oxygen into said slurry and its reaction with the carbonaceous matter. The gas
supply tube comprises a valve for regulation of the oxygen amount introduced
into the process. The flash tank has a gas-/vapor- outlet tube for discharging the
vapor-/gas-mixture from at least one flash tank. The plant also comprises at
least one temperature sensor for measuring the temperature of said vapor-/gas-
mixture, and one pressure sensor for measuring the pressure of said vapor-
/gas- mixture, and a control and computation unit for determining the volume
fraction of water. The valve of the gas supply tube is closed in case the molar
fraction of water vapor is below 0.84 in the vapor-/gas- mixture in order to avoid

the formation of an explosive mixture.

In a preferred embodiment, the plant comprises at least one condenser vapor-
/gas- mixture. One or more condenser(s) connected in series or parallel may be
provided downstream of the last flash tank in order to remove water from the
combined vapor-/gas- mixture streams of each flash tank. Such a plant layout
reduces the overall construction costs, since only one or few condenser(s) are
required. Alternatively, one condenser has to be provided for each flash tank.
Thereby, the construction costs for the corresponding plant are higher, but the
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conditions (like temperature and pressure) of the wet oxidation process for each
flash tank can be regulated independently.

In this regard it is further preferred, that the temperature sensor and the pres-

sure sensor is (are) located downstream to the condenser.

In a further preferred embodiment, the gas supply tube emerges with the slurry
supply tube such, that the gas comprising oxygen is introduced into the slurry
upstream of the flash tank. Consequently, the reaction time between the oxygen
and the carbonaceous is granted to be completed before entering the flash tank
without an increase of the retention time of the slurry inside the flash tanks. In
other words, a sort of pretreatment of the slurry before being introduced into the

flash tank is achieved.

According to another preferred embodiment, the gas outlet tube, in particular
directly, guides the vapor-/gas- mixture to a condenser in which water is sepa-

rated from the vapor-/gas- mixture.

Further objectives, features, advantages and possible applications of the inven-
tion can be taken from the following description of the drawing. All features
described and/or illustrated form the subject-matter of the invention per se or in
any combination, also independent of their inclusion in individual claims or their

back-reference.

Fig. 1 shows a detection scheme for explosive vapor-/gas-mixtures,

Fig. 2 shows a ratio between pressure and temperature in a system according

to the invention and
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Fig. 3  shows schematically a plant for the treatment of carbonaceous slurry
according to the present invention

In fig. 3, carbonaceous slurry is introduced via supply tube 1 and conduit 2 into a
flash tank 10. Inside the flash tank 10, the slurry is distributed via spraying
unit 11 such that gas / liquid or slurry separation is enhanced. A gas containing
oxygen or technically pure oxygen (> 95 vol.-%) is introduced into the plant and
flash tank 10 via gas supply tube 3 and conduit 2. The amount of oxygen added
is regulated by regulation valve 4. Said valve 4 is controlled by control unit 5. In
the preferred embodiment shown in Fig. 3, the oxygen is directly introduced into
the slurry and upstream of the flash tank 10, which increases the reaction time
between oxygen and the carbonaceous materials without increasing of the

retention time of the slurry in the flash tank 10.

Inside conduit 2 and flash tank 10 decomposition of the carbonaceous material
occurs due to reaction between oxygen and the carbonaceous material. A va-
por-/gas- mixture comprising water, oxygen and hydrogen is generated thereby.
Said vapor-/gas- mixture is removed from flash tank 10 via conduit 20.

The remaining slurry is removed from flash tank 10 via conduit 21. As shown in
Fig. 3, several flash tanks may be connected in series downstream of flash
tank 10 with corresponding conduits for removal of the vapor-/gas- mixture
produced in said subsequent flash tanks and conduits for removal of the remain-
ing slurry. Downstream of each flash tank provided, the generated vapor-/gas-
mixture is removed and either subsequently combined with the vapor-/gas-
mixture from flash tank 10 in conduit 20, or, a separate vapor-/gas- mixture
removal conduit for each flash tank is provided, which increases the flexibility of
the process, since each flash tank may be controlled completely independently.

Finally, the vapor-/gas- mixture from all flash tanks are guided into at least one
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condenser 30, preferably however into separate and designated condensers as

shown in Fig. 3.

In a similar manner, the removal of the remaining slurry from each flash tank
may be guided into the subsequent flash tank (as shown in Fig. 3) or each re-
moval conduit for the remaining slurry may be combined into one discharge

conduit for discharging the remaining slurry.

Regarding condenser 30 it is preferred to provide a condenser for each flash
tank of the inventive plant. In said condenser 30 (or in each condenser assigned
to each flash tank provided) water from the vapor-/gas- mixture is condensed
and thus separated from non-condensable substances. The non-condensable
substances are mainly hydrogen and oxygen, but may also include nitrogen,
carbon dioxide, carbon monoxide, methane or other by-products exhibiting a

very low boiling point, e.g. below - 50 °C.

From condenser 30, a condensate comprising water as main constituent is
removed via conduit 33. The water removed from condenser 30 of the inventive
plant is basically free of any contamination, in particular carbonaceous material,
and may be used in an upstream process, as for instance as suspension medi-
um in an upstream Bayer-process for producing aluminum. Consequently, the
inventive plant may be included in a joint system thus reducing the amount of
fresh water required. Alternatively, the water may be discharged into the envi-
ronment as basically pure water, in particular after further after treatment, e.g.

removal of inorganic substances.

Via conduits 20 to 20x the remaining vapor /gas mixture from the last flash tank
(or from all flash tanks combined) is subjected to condensers 30 to 30x (or to the
condenser assigned to each respective flash tank). In particular in the case the
remaining slurry has passed each flash tank and is thus removed from the final
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flash tank, the remaining slurry is basically free of carbonaceous matter. In
general, the carbonaceous matter is reduced by typically 50 to 90 % depending
on process temperature, residence time and oxygen addition. In any case, the

treated remaining slurry is removed via conduit 32 from the process.

Via valves 35 to 35x and control units 36 to 36x assigned to valves 35 to 35x,
the amount of condensate removed from the process is regulated.

The non-condensable constituents of the vapor-/gas- mixture are removed from
the condensers 30 to 30x via conduits 37 to 37x. In the preferred embodiment
shown in Fig. 3, a temperature sensors 40 to 40x and a pressure sensors 41 to
41x determine the temperature and pressure of the non-condensable constitu-
ents left after removal of the major part of water in condensers 30 to 30x. Due to
the removal of water inside condensers 30 to 30x, the most critical (i.e. least)
volume fraction of water is present together with hydrogen and oxygen in con-
duits 37 to 37x. In the case the volume fraction of water less than 0.84, the
oxygen supply via conduits 3 and 2 is stopped by closing valve 4 and the for-
mation of an explosive mixture upstream of the condenser is prevented in the
first place. Further, the condensation of water in the condensers 30 to 30x may
be stopped in case of an explosive mixture of hydrogen and oxygen is about to

be formed downstream of the condenser.

The removal of non-condensable constituents of the vapor-/gas- mixture via
conduits 37 to 37x and 38 to 38x is controlled by valves 50 to 50x together with

the assigned control units 51 to 51x.

The invention and the reduction of the dead time is further illustrated by means

of a following example:
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Example 1

For four different pressures (50, 30, 10, 5 bar abs) measured of a water va-
por/non- condensable mixture, the temperatures to expected for a pure water
vapor phase and the temperatures actually measured in case of non- conden-
sable mole-/volume fractions of 0,05, 0,1 and 0,15 are indicated.

10

P [ bar abs] T[°C] T[°C] Ps[barabs] | Xnc [-]
measured measured without non- calculated via | calculated
condensables | IAPWS

50 260,8 263,9 47,5 0,05

50 257,4 263,9 45 0,10

50 254,0 263,9 42,5 0,15

30 231,0 233,9 28,5 0,05

30 228,0 233,9 27 0,10

30 225,0 233,9 25,5 0,15

10 177,7 179,9 9,5 0,05

10 173,3 179,9 9,0 0,10

10 172,9 179,9 8,5 0,15

5 149,9 151,8 4,75 0,05
147,9 151,8 4,5 0,10
145,8 151,8 4,25 0,15
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Reference numbers

1 supply tube

2 conduit

3 supply tube

4 regulation valve
5 control unit

10 flash tank

11 spraying unit
20-20x conduit

21 conduit

30-30x condenser
32 -34 conduit
35-35x valve
36-36x control unit
37-37x conduit
37-38x conduit

40-40x valve
41-41x control unit
50-50x valve

51-51x control unit
60x,61x conduit

PCT/EP2016/077687
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Claims

1.

A process for the treatment of carbonaceous slurry, comprising the steps
of injecting a gas comprising oxygen into said slurry at temperatures of
150 °C to 350 °C and a pressure of above the associated boiling point
pressures resulting in an gas-/vapor-mixture comprising at least water,
oxygen and hydrogen, determining the volume fraction of water in said
vapor-/gas-mixture and stopping the injection of gas comprising oxygen in
case the volume fraction of water is below 0.84 in said vapor-/gas-
mixture, characterized in that the volume fraction of water vapor in said
vapor-/gas-mixture is determined by the IAPWS formulation for water and

steam.

A process according to claim 1, wherein the temperature and pressure of

the vapor-/gas-mixture is measured.

A process according to claims 1 or 2, wherein volume fraction of water is
0,84 to 1,0 the molar fraction of oxygen is 0 to 0,16 and the molar fraction

of hydrogen is 0 to 0,16.

A process according to any of claims 2 or 3, wherein the volume fraction
of water is determined by the IAPWS formulation of water and steam.

A process according to any of the preceding claims, wherein the temper-
ature and pressure of said vapor-/gas-mixture is measured after separat-

ing water via condensation.

A process according to any of the preceding claims, wherein a chemically
inert gas is added to said vapor-/gas-mixture in case a given water vapor
fraction is fallen below.
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10.

11.

15

A plant for the treatment of carbonaceous slurry comprising at least one
flash tank (10) with at least one inlet conduit (2) for introduction of un-
treated and/or partially treated slurry provided via a slurry supply tube (1),
a gas supply tube (3) comprising a valve (4) for introduction of a gas
comprising oxygen to said slurry, a gas outlet tube (20) for discharging
vapor-/gas-mixture from at least one flash tank (10), at least one tempera-
ture sensor (40) for determining the temperature of said vapor-/gas-
mixture and one pressure sensor (41) for determining the pressure of said
vapor-/gas-mixture, a control (5) for closing said valve (4) in case the vol-

ume fraction of water is below 0.84 in said vapor-/gas-mixture.

A plant according to claim 7, further comprising at least one condenser
(30) for separating water from the vapor-/gas-mixture.

A plant according to claim 7 or 8, wherein the gas supply tube (3) directly
emerges with the slurry supply tube (1) such that the gas comprising oxy-
gen is introduced into the slurry upstream of the flash tank (10).

A plant according to any of claims 7 to 9, wherein the gas outlet tube (20)
guides the vapor-/gas-mixture to the at least one condenser (30) in which
water is separated from the vapor-/gas-mixture.

A plant according to claim 10, wherein the temperature sensor (40) and
the pressure sensor (41) are located downstream to the at least one con-
denser (30).
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