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Description

Field of the invention

[0001] The invention generally relates to a process for
treating biomass. In particular, the invention relates to a
process and a device for treating biomass, wherein the
temperature stability of the prehydrolysis treatment of the
biomass is improved.

Background art

[0002] When treating biomass it is known in the art to
firstly pretreat the biomass in a prehydrolysis reactor in
which the hemicellulose is dissolved from the biomass
under pressure and heat in the presence of steam and
optionally in the presence of a catalyst and/or suitable
chemical substance. A typical temperature interval for
the pretreatment reaction is between 120 °C and 225 °C
whereby a pressure of up to 25 bar is obtained. The typ-
ical residence time of the biomass in the prehydrolysis
reactor is in the range of from 2 min to 60 min, such as
from 2 min to 30 min. These parameters depend on the
desired extent of pretreatment in the reactor as well as
on the presence of additional catalysts or chemical sub-
stances.
[0003] Usually the pretreatment process is conducted
continuously, whereby the biomass is continuously fed
into the prehydrolysis reactor by means of a feeding de-
vice and the pretreated biomass is continuously dis-
charged from the prehydrolysis reactor by means of a
discharger. Suitable ways of discharging the pretreated
biomass are e.g. by means of steam explosion, i.e. a
rapid decrease of pressure creating a flashing of the
steam and destructuration of the biomass; by means of
dilution discharge, wherein the pretreated biomass is di-
luted in the discharger so that the dilution water decreas-
es the temperature and avoids a rapid pressure drop, so
that no steam flashing occurs; or other discharging meth-
ods, such as through a refiner, by pumping, sluice valve
etc. Steam is added to the prehydrolysis reactor through
one or more steam inlets, preferably several steam inlets,
which are distributed near the biomass inlet and option-
ally over the length of the reactor.
[0004] During dilution discharge the dilution water in
the discharger creates a seal lock so that the steam can-
not escape from the prehydrolysis reactor through the
discharger, so that steam consumption is largely de-
creased. As a consequence the circulation of the steam
from the biomass feeding point to the biomass discharge
is greatly diminished so that the steam does not circulate
through the biomass bed in the prehydrolysis reactor.
Additionally, gas formed during the pretreatment is not
evacuated from the prehydrolysis reactor and thus forms
a buffer which decreases the heating of the biomass.
[0005] These problems result in a temperature de-
crease during the pretreatment operation and thereby a
reduced operability and efficiency of the pretreatment

process.

Summary of the invention

[0006] The present invention resides in the finding that
the temperature decrease during the pretreatment proc-
ess can be avoided resulting in an even temperature pro-
file over the length of the prehydrolysis reactor by with-
drawing a small amount of a steam/gas mixture via at
least one outlet in the area at the upper end of the pre-
hydrolysis reactor unit.
[0007] By withdrawing a steam/gas mixture from the
pretreatment reactor unit the steam circulation in the pre-
hydrolysis reactor unit can be increased so that the steam
is circulated through the biomass bed in the reactor more
efficiently. Additionally, a more even temperature profile
over the length of the prehydrolysis reactor can be ob-
tained. Consequently, the pretreatment reaction of the
biomass in the reactor is more efficient so that the resi-
dence time in the pretreament reactor can be reduced.
[0008] The present invention relates to a process for
treating biomass comprising the steps of:

(A) Feeding biomass into a pressurized prehydroly-
sis reactor unit by means of a feeding system;
(B) Feeding steam into the pressurized prehydroly-
sis reactor unit;
(C) Thermally treating the biomass in the pressurized
prehydrolysis reactor unit by contacting the biomass
with steam;
(D) Diluting the thermally treated biomass;
(E) Discharging the diluted thermally treated bio-
mass from the pressurized prehydrolysis reactor
unit;

characterized in that
a steam/gas mixture is withdrawn from at least one outlet
situated in an area at the upper part of the pressurized
prehydrolysis reactor unit.
[0009] Further, the present invention relates to a de-
vice for treating biomass comprising

• a pressurized prehydrolysis reactor unit for thermally
treating biomass;

• a feeding system for feeding biomass into the upper
part of the pressurized prehydrolysis reactor unit;

• at least one inlet for steam at the upper part of the
pressurized prehydrolysis reactor unit;

• two or more means for measuring temperature situ-
ated at different parts of the pressurized prehydrol-
ysis reactor unit;

• a discharging unit for discharging the thermally treat-
ed biomass from the pressurized prehydrolysis re-
actor unit;

• at least one inlet for water into the discharging unit;
• at least one outlet for a steam/gas mixture situated

at the upper part of the pressurized prehydrolysis
reactor unit.
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[0010] Still further, the present invention relates to the
use of withdrawal of a steam/gas mixture from at least
one outlet situated in an area at the upper part of the
pressurized prehydrolysis reactor unit for stabilizing the
temperature of a process for treating biomass comprising
the steps of:

(A) Feeding biomass into a pressurized prehydroly-
sis reactor unit by means of a feeding system;
(B) Feeding steam into the pressurized prehydroly-
sis reactor unit;
(C) Thermally treating the biomass in the pressurized
prehydrolysis reactor unit by contacting the biomass
with steam;
(D) Diluting the thermally treated biomass;
(E) Discharging the diluted thermally treated bio-
mass from the pressurized prehydrolysis reactor
unit.

Definitions

[0011] Biomass is any source of plant material suitable
for converting into pulp and paper material, cellulose-
based construction material or biofuel. Suitable sources
of biomass are lignocellulosic biomass such as virgin bi-
omass, waste biomass and energy crops. Virgin biomass
includes all naturally occurring terrestrial plants such as
trees, bushes and grass. Waste biomass is produced as
a low-value byproduct of various industrial sectors such
as agriculture, e.g. selected from corn stover, sugarcane
bagasse, straw etc., and forestry, e.g. selected from saw
mill and paper mill discards. Energy crops are crops with
high yield of lignocellulosic biomass produced to serve
as a raw material for production of second generation
(2G) biofuel. Examples include switch grass (Panicum
virgatum) and elephant grass.
[0012] A prehydrolysis reactor unit is a unit including
several entities suitable for pretreating biomass. In the
pretreatment process the biomass is rendered accessi-
ble for the downstream hydrolysis process steps. Addi-
tionally, hemicellulose is dissolved from the biomass un-
der pressure and heat in the presence of steam and op-
tionally in the presence of a catalyst and/or suitable
chemical substance. A prehydrolysis reactor unit usually
comprises a feeding system for feeding biomass into to
the prehydrolysis reactor unit, a charging section, situat-
ed at the upper part of the prehydrolysis reactor unit,
through which the biomass is charged into the prehydrol-
ysis reactor by means of the feeding system, a prehy-
drolysis reactor in which the biomass is pretreated under
pressure and heat in the presence of steam and option-
ally in the presence of a catalyst and/or suitable chemical
substance, and a discharging unit through which the pre-
treated biomass is discharged from the prehydrolysis re-
actor by means of dilution discharge.
[0013] The upper part of the prehydrolysis reactor unit
denotes the part of the prehydrolysis reactor unit that is
the highest part of the prehydrolysis reactor unit in the

sense of the farthest from the floor in vertical direction.
Usually, the upper part of the prehydrolyis reactor makes
up the upper 1/5th of the prehydrolysis reactor unit. For
a vertical prehydrolysis reactor unit the upper part is sit-
uated in the area of the charging section through which
the biomass is fed into the prehydrolysis reactor. For a
horizontal prehydrolysis reactor unit the upper part is sit-
uated in the vertically highest part of the prehydrolysis
reactor over the whole length of the prehydrolysis reactor.

Detailed description

Process

[0014] The present invention relates to a process for
treating biomass comprising the steps of:

(A) Feeding biomass into a pressurized prehydroly-
sis reactor unit by means of a feeding system;
(B) Feeding steam into the pressurized prehydroly-
sis reactor unit;
(C) Thermally treating the biomass in the pressurized
prehydrolysis reactor unit by contacting the biomass
with steam;
(D) Diluting the thermally treated biomass;
(E) Discharging the diluted thermally treated bio-
mass from the pressurized prehydrolysis reactor
unit;

characterized in that
a steam/gas mixture is withdrawn from at least one outlet
situated in an area at the upper part of the pressurized
prehydrolysis reactor unit.
[0015] Before feeding the biomass into the pressurized
prehydrolysis reactor the biomass can be pretreated by
cutting and/or washing.
The biomass can additionally be pretreated by dilute acid
hydrolysis by contacting the biomass with a dilute solu-
tion containing an external acidic catalyst, reinforced au-
tohydrolysis by contacting the biomass with a dilute so-
lution containing a recirculated acidic catalyst or autohy-
drolysis by contacting the biomass with water. These pre-
treatment measures are well known in the art.
[0016] In one embodiment the biomass fed into the
pressurized prehydrolysis reactor unit is preferably a sol-
id dry material.
[0017] In another embodiment the biomass fed into the
pressurized prehydrolysis reactor unit is preferably an
aqueous slurry of biomass.
[0018] The biomass is fed into the pressurized prehy-
drolysis reactor unit by means of a feeding system.
[0019] It is preferred that the biomass is continuously
fed into the pressurized prehydrolysis reactor unit.
[0020] The feeding system is preferably situated at the
upper part of the pressurized prehydrolysis reactor.
[0021] Preferably the feeding system comprises
means for actively conveying the biomass into the pres-
surized prehydrolysis reactor unit. Such means is/are
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preferably selected from a plug screw feeder, a force
feed screw feeder, a rotary valve or combinations thereof.
Suitable means for actively conveying the biomass into
the pressurized prehydrolysis reactor unit are known in
the art.
[0022] The biomass is preferably fed into the pressu-
rized prehydrolysis reactor unit through a charging sec-
tion. The charging section is usually situated at the upper
part of the pressurized prehydrolysis reactor unit.
In a vertical pressurized prehydrolysis reactor unit the
charging section usually has the form of a vertical pipe
which connects the feeding system with the upper part
of the vertically arranged pressurized prehydrolysis re-
actor.
In a horizontal pressurized prehydrolysis reactor unit the
charging section usually has the form of a horizontally
arranged pipe which bends downwardly in vertical direc-
tion which connects the feeding system with the upper
part of the horizontally arranged pressurized prehydrol-
ysis reactor.
[0023] Through the charging section the biomass is
vertically fed into the upper part of the pressurized pre-
hydrolysis reactor.
[0024] The pressurized prehydrolysis reactor unit can
comprise one or more reactors such as one or two reac-
tors.
[0025] In one embodiment the pressurized prehydrol-
ysis reactor unit comprises more than one reactor such
as two reactors. If the pressurized prehydrolysis reactor
unit comprises more than one reactor, e.g. an impregna-
tion reactor and a prehydrolysis reactor, the reactors are
usually arranged in series. For example, biomass can be
fed into an impregnation reactor and then be impregnated
in the impregnation reactor. Afterwards, the biomass can
be discharged from the impregnation reactor and fed to
the subsequent respectively downstream prehydrolysis
reactor. The pressurized prehydrolysis reactor unit can
also comprise two or more prehydrolysis reactors ar-
ranged in series and operating at same or different tem-
perature and pressure.
[0026] In another embodiment the pressurized prehy-
drolysis reactor unit comprises only one reactor which
suitably is a prehydrolysis reactor.
[0027] In the pressurized prehydrolysis reactor unit the
biomass is thermally treated, preferably in the presence
of water under pressure, more preferably by heating with
steam, to produce a thermally treated biomass. In par-
ticular, the biomass can be exposed to steam in the pres-
surized prehydrolysis reactor unit, wherein the steam is
fed into the prehydrolysis reactor unit in addition to the
biomass. By exposing the biomass to steam, the biomass
is pressurized in the prehydrolysis reactor unit, and by
heating the pressurized biomass, the thermally treated
biomass is produced.
[0028] Steam is preferably fed into the pressurized pre-
hydrolysis reactor unit through at least one inlet, wherein
at least one inlet is situated at the upper part of the reactor
of the pressurized prehydrolysis reactor unit, preferably

near the charging section and at least one optional ad-
ditional inlet(s) is/are situated at different parts along the
reactor of the pressurized prehydrolysis reactor unit.
[0029] By feeding steam through more than one inlet
into the pressurized prehydrolysis reactor unit distributed
along the reactor of the pressurized prehydrolysis reactor
unit it can be ensured that the steam is more evenly dis-
tributed over the reactor and an improved steam circu-
lation can be obtained. Steam can also be used for sup-
porting and facilitating the discharge of the pretreated
biomass from the pressurized prehydrolysis reactor unit.
[0030] For further improving the steam circulation in
the pressurized prehydrolysis reactor unit a steam/gas
mixture is withdrawn from at least one outlet situated at
the upper art of the pressurized prehydrolysis reactor
unit.
Thereby, the withdrawn steam usually originates from
the steam fed into the pressurized prehydrolysis reactor
as discussed above or below.
The withdrawn gas usually originates from gas formed
during the pretreatment reaction in the prehydrolysis re-
actor unit.
[0031] In one embodiment the steam/gas mixture is
withdrawn from the pressurized prehydrolysis reactor
unit through a single outlet. Said outlet is usually situated
at or near the highest point of the pressurized prehydrol-
ysis reactor unit.
In a vertical pressurized prehydrolysis reactor unit the
single steam/gas mixture outlet is preferably situated at
or near the highest point of the vertically arranged reactor
of the pressurized prehydrolysis reactor unit.
In a horizontal pressurized prehydrolysis reactor unit the
single steam/gas mixture outlet is preferably situated at
or near the charging section, suitably in the upper part
of the horizontally arranged pipe between the feeding
system and the horizontally arranged reactor. Said hor-
izontally arranged pipe of the charging section usually is
the highest point in a horizontal pressurized prehydroly-
sis reactor unit.
[0032] In another embodiment the steam/gas mixture
is withdrawn from the pressurized prehydrolysis reactor
unit through more than one outlet. Thereby, the first outlet
is preferably situated at or near the highest point of the
pressurized prehydrolysis reactor unit as described
above for the single outlet.
The other additional steam/gas mixture outlet(s) is/are
suitably situated further downstream along the reactor of
the pressurized prehydrolysis reactor unit.
[0033] In a vertical pressurized prehydrolysis reactor
unit the other additional steam/gas mixture outlet(s)
is/are suitably situated downwards from the first
steam/gas mixture outlet along the vertically arranged
reactor of the pressurized prehydrolysis reactor unit.
In a horizontal pressurized prehydrolysis reactor unit the
other additional steam/gas mixture outlet(s) is/are suita-
bly situated downstream from the first steam/gas mixture
outlet at the upper part of the horizontally arranged re-
actor of the pressurized prehydrolysis reactor unit. Suit-
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ably in this embodiment the steam/gas mixture is with-
drawn from the pressurized prehydrolysis reactor unit
through two, three or four outlets.
[0034] Preferably, the two or more means for measur-
ing temperature are situated at different parts of the pres-
surized prehydrolysis reactor unit and the temperature
in the pressurized prehydrolysis reactor unit is continu-
ously monitored.
Suitable means for measuring the temperature in the
pressurized prehydrolysis reactor unit are temperature
sensors as known in the art.
[0035] Preferably two means for measuring tempera-
ture are situated at the reactor the pressurized prehy-
drolysis reactor unit at or near the area in which the bio-
mass is fed, such as at or near the charging section, and
at or near the area in which the biomass is discharged,
such as at or near the discharging unit.
Optional additional means for measuring temperature
can be evenly distributed over the length of the pressu-
rized prehydrolysis reactor unit.
[0036] Suitably, the biomass is thermally treated by
heating to a temperature of from 120 °C to 225 °C, pref-
erably of from 150 °C to 210 °C and most preferably of
from 180 °C to 200 °C.
Said temperature range can suitably be controlled by
monitoring the temperature with the two or more means
for measuring temperature.
[0037] The pressure in the reactor of the pressurized
prehydrolysis reactor unit is preferably up to 25 bar, more
preferably from 5 bar to 20 bar, most preferably from 7.5
bar to 15 bar.
[0038] In one operational embodiment of the process
of the invention the steam/gas mixture is withdrawn from
the one or more outlet(s) situated in an area at the upper
part of the pressurized prehydrolysis reactor unit period-
ically when a temperature drop during the operation be-
low a predetermined temperature range is monitored.
Usually the predetermined temperature range is from 0.1
to 10 °C, preferably from 0.5 to 5.0 °C, or even more
preferably from 0.5 to 1.5 °C.
The temperature range is predetermined before start of
the process. As soon as the temperature determined at
one of the means for measuring temperature drops below
the predetermined temperature range the steam/gas
mixture is withdrawn either automatically or manually,
preferably automatically.
[0039] In another operational embodiment of the proc-
ess of the invention the steam/gas mixture is withdrawn
from the at least one outlet situated in an area at the
upper part of the pressurized prehydrolysis reactor unit
continuously during operation.
In said embodiment the temperature can still be contin-
uously monitored.
In said embodiment, the steam/gas mixture may addi-
tionally be withdrawn from the one or more outlet(s) sit-
uated in an area at the upper part of the pressurized
prehydrolysis reactor unit periodically when a tempera-
ture drop during the operation below a predetermined

temperature range is monitored.
The additional periodic withdrawal can be obtained either
by periodically withdrawing a higher amount of steam/gas
mixture for the at least one steam/gas mixture outlet(s)
or by additionally periodically withdrawing the steam/gas
mixture through a steam/gas mixture outlet which was
not used for continuous steam/gas mixture withdrawal.
Usually the predetermined temperature range is from 0.1
to 10°C, preferably from 0.5 to 5.0°C, or even more pref-
erably from 0.5 to 1.5 °C.
[0040] The temperature range is predetermined before
start of the process. As soon as the temperature deter-
mined at one of the means for measuring temperature
drops below the predetermined temperature range the
steam/gas mixture is withdrawn either automatically or
manually, preferably automatically.
[0041] The diluted thermally treated biomass is pref-
erably discharged from the pressurized prehydrolysis re-
actor unit through a discharging unit. In particular, the
diluted thermally treated biomass is preferably dis-
charged from the pressurized prehydrolysis reactor unit
through an orifice and/or a blow valve of the pressurized
prehydrolysis reactor unit.
[0042] Before discharge, the thermally treated bio-
mass is preferably diluted by contact with water. Thereby,
the water is preferably fed into the discharging unit of the
pressurized prehydrolysis reactor unit.
[0043] By diluting the thermally treated biomass the
temperature of the thermally treated biomass is prefera-
bly reduced before discharge to a temperature range of
from 50 °C to 140 °C, preferably from 65 °C to 130 °C
and most preferably from 80 °C to 120 °C.
[0044] Preferably, the diluted thermally treated bio-
mass is discharged from the pressurized prehydrolysis
reactor unit by dilution discharge. Dilution discharge
means that the dilution water decreases the temperature
and avoids a rapid pressure drop, so that no steam flash-
ing occurs.
In particular, the biomass can have a temperature below
100 °C during discharging and no flashing occurs during
discharging. Alternatively, the biomass can have a tem-
perature above 100 °C during discharging and a flashing
occurs. However, this flashing occurs without a steam
explosion occurring during discharging.
Dilution discharge is a technique well known in the art of
biomass pretreatment.
[0045] Preferably, the diluted thermally treated bio-
mass is continuously discharged from the pressurized
prehydrolysis unit.
[0046] The residence time of the biomass in the pres-
surized prehydrolysis reactor unit is usually in the range
of from 2 min to 60 min, such as from 2 min to 30 min.
[0047] The thermally treated biomass discharged from
the pressurized prehydrolysis reactor unit preferably has
a temperature of from 50 °C to 150 °C, preferably from
65 °C to 130 °C and most preferably from 80 °C to 120 °C.
[0048] Suitably, the thermally treated biomass dis-
charged from the pressurized prehydrolysis reactor unit
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is further processed in a hydrolysis reaction as known in
the art.
[0049] It has surprisingly be found that the prehydrol-
ysis process of the invention can be run more efficiently
when a steam/gas mixture is withdrawn from the pres-
surized prehydrolysis reactor unit during operation. Pre-
sumably, the withdrawal of the steam/gas mixture en-
sures improved steam circulation through the pressu-
rized prehydrolysis reactor unit which reduces or even
avoids a temperature drop during operation. As a con-
sequence the pretreatment reaction of the biomass can
be improved and the residence time of the pretreated
biomass in the pressurized prehydrolysis reactor unit can
be reduced.

Device

[0050] The present invention also relates to a device
for treating biomass comprising

• a pressurized prehydrolysis reactor unit for thermally
treating biomass;

• a feeding system for feeding biomass into the upper
part of the pressurized prehydrolysis reactor unit;

• at least one inlet for steam at the upper part of the
pressurized prehydrolysis reactor unit;

• two or more means for measuring temperature situ-
ated at different parts of the pressurized prehydrol-
ysis reactor unit;

• a discharging unit for discharging the thermally treat-
ed biomass from the pressurized prehydrolysis re-
actor unit;

• at least one inlet for water into the discharging unit;
• at least one outlet for a steam/gas mixture situated

at the upper part of the pressurized prehydrolysis
reactor unit.

[0051] The pressurized prehydrolysis reactor unit pref-
erably comprises a feeding system for feeding biomass
into to the prehydrolysis reactor unit, a charging section,
situated at the upper part of the prehydrolysis reactor
unit, through which the biomass is charged into the pre-
hydrolysis reactor by means of the feeding system, a
prehydrolysis reactor in which the biomass is pretreated
under pressure and heat in the presence of steam and
optionally in the presence of a catalyst and/or suitable
chemical substance, and a discharging unit through
which the pretreated biomass is discharged from the pre-
hydrolysis reactor by means of dilution discharge.
[0052] The feeding system is preferably situated at the
upper part of the pressurized prehydrolysis reactor.
[0053] Preferably, the feeding system comprises
means for actively conveying the biomass into the pres-
surized prehydrolysis reactor unit. Such means are pref-
erably selected from a plug screw feeder, a force feed
screw feeder, a rotary valve or combinations thereof.
Suitable means for actively conveying the biomass into
the pressurized prehydrolysis reactor unit are known in

the art.
[0054] In one embodiment the pressurized prehydrol-
ysis reactor unit comprises more than one reactor such
as two reactors. If the pressurized prehydrolysis reactor
unit comprises more than one reactor, e.g. an impregna-
tion reactor and a prehydrolysis reactor, the reactors are
usually arranged in series. For example, biomass can be
fed into an impregnation reactor and then be impregnated
in the impregnation reactor. Afterwards, the biomass can
be discharged from the impregnation reactor and fed to
the subsequent respectively downstream prehydrolysis
reactor. The pressurized prehydrolysis reactor unit can
also comprise two or more prehydrolysis reactors ar-
ranged in series and operating at same or different tem-
perature and pressure.
[0055] In another embodiment the pressurized prehy-
drolysis reactor unit comprises only one reactor which
suitably is a prehydrolysis reactor.
[0056] Preferably, the pressurized prehydrolysis reac-
tor unit is a vertical pressurized prehydrolysis reactor unit
or a horizontal pressurized prehydrolysis reactor unit.
[0057] The pressurized prehydrolysis reactor unit pref-
erably comprises a charging section. The charging sec-
tion is usually situated at the upper part of the pressurized
prehydrolysis reactor unit.
In a vertical pressurized prehydrolysis reactor unit the
charging section usually has the form of a vertical pipe
which connects the feeding system with the upper part
of the vertically arranged pressurized prehydrolysis re-
actor.
In a horizontal pressurized prehydrolysis reactor unit the
charging section usually has the form of a horizontally
arranged pipe which bends downwardly in vertical direc-
tion which connects the feeding system with the upper
part of the horizontally arranged pressurized prehydrol-
ysis reactor.
[0058] The at least one inlet for steam is preferably
situated at the upper part of the reactor of the pressurized
prehydrolysis reactor unit preferably near the charging
section and at least one optional additional inlet(s) is/are
situated at different parts along the reactor of the pres-
surized prehydrolysis reactor unit.
[0059] The device according to the invention further
comprises at least one outlet for a steam/gas mixture
situated at the upper part of the pressurized prehydrolysis
reactor unit.
[0060] In one embodiment the device comprises a sin-
gle outlet for a steam/gas mixture. Said outlet is usually
situated at or near the highest point of the pressurized
prehydrolysis reactor unit.
In a vertical pressurized prehydrolysis reactor unit the
single steam/gas mixture outlet is preferably situated at
or near the highest point of the vertically arranged reactor
of the pressurized prehydrolysis reactor unit.
In a horizontal pressurized prehydrolysis reactor unit the
single steam/gas mixture outlet is preferably situated at
or near the charging section, suitably in the upper part
of the horizontally arranged pipe between the feeding
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system and the horizontally arranged reactor. Said hor-
izontally arranged pipe of the charging section usually is
the highest point in a horizontal pressurized prehydroly-
sis reactor unit.
[0061] In another embodiment the device comprises
more than one outlet. Thereby, the first outlet is preferably
situated at or near the highest point of the pressurized
prehydrolysis reactor unit as described above for the sin-
gle outlet.
The other additional steam/gas mixture outlet(s) is/are
suitably situated further downstream along the reactor of
the pressurized prehydrolysis reactor unit.
[0062] In a vertical pressurized prehydrolysis reactor
unit the other additional steam/gas mixture outlet(s)
is/are suitably situated downwards from the first
steam/gas mixture outlet along the vertically arranged
reactor of the pressurized prehydrolysis reactor unit.
In a horizontal pressurized prehydrolysis reactor unit the
other additional steam/gas mixture outlet(s) is/are suita-
bly situated downstream from the first steam/gas mixture
outlet at the upper part of the horizontally arranged re-
actor of the pressurized prehydrolysis reactor unit. Suit-
ably in this embodiment the device comprises two, three
or four outlets for the steam/gas mixture.
[0063] Preferably, the two or more means for measur-
ing temperature are situated at different parts of the pres-
surized prehydrolysis reactor unit.
Suitable means for measuring the temperature in the
pressurized prehydrolysis reactor unit are temperature
sensors as known in the art.
[0064] Preferably two means for measuring tempera-
ture are situated at the reactor the pressurized prehy-
drolysis reactor unit at or near the area in which the bio-
mass is fed, such as at or near the charging section, and
at or near the area where the biomass is discharged,
such as at or near the discharging unit.
Optional additional means for measuring temperature
can be evenly distributed over the length of the pressu-
rized prehydrolysis reactor unit.
[0065] The device further comprises a discharging
unit.
The discharging unit comprises at least one inlet for water
into the discharging unit. Suitably the discharging unit
comprises one inlet for water into the discharging unit.
Further, the discharging unit comprises an orifice and/or
a blow valve for discharging the diluted thermally treated
biomass.
[0066] Preferably, the device as described above and
below is suitable for the process according to the inven-
tion as described above or below. All features and em-
bodiments as disclosed for the process also apply for the
device.

Use

[0067] The present invention further relates to the use
of withdrawal of a steam/gas mixture from at least one
outlet situated in an area at the upper part of the pressu-

rized prehydrolysis reactor unit for stabilizing the temper-
ature of a process for treating biomass comprising the
steps of:

(A) Feeding biomass into a pressurized prehydroly-
sis reactor unit by means of a feeding system;
(B) Feeding steam into the pressurized prehydroly-
sis reactor unit;
(C) Thermally treating the biomass in the pressurized
prehydrolysis reactor unit by contacting the biomass
with steam;
(D) Diluting the thermally treated biomass;
(E) Discharging the diluted thermally treated bio-
mass from the pressurized prehydrolysis reactor
unit.

Brief description of the drawing

[0068]

Figure 1 shows a vertical pressurized prehydrolysis
reactor unit according to the present invention.
Figure 2 shows a horizontal pressurized prehydrol-
ysis reactor unit according to the present invention.

Detailed description of the drawing

Reference numbers

[0069]

1a vertical pressurized prehydrolysis reactor unit
1b horizontal pressurized prehydrolysis reactor unit
2 feeding inlet for biomass
3 inlet for steam
4 discharging unit for biomass
5 outlet for a steam/gas mixture
6 means for measuring temperature
7 charging section

[0070] Figure 1 shows a vertical pressurized prehy-
drolysis reactor unit (1a) into which biomass is fed
through a feeding inlet (2) into the charging section (7)
situated at the upper part of the vertical pressurized pre-
hydrolysis reactor unit (1a). The biomass is fed into the
vertical pressurized prehydrolysis reactor unit (1a) by
means of a feeding system (not shown), which can be
selected from a plug screw feeder, a force feed screw
feeder, a rotary valve or combinations thereof.
The charging section (7) usually has the form of a vertical
pipe which connects the feeding system with the upper
part of the vertical pressurized prehydrolysis reactor unit
(1a). Through the inlet for steam (3) steam is introduced
into the upper part of the vertical pressurized prehydrol-
ysis reactor unit (1a). In the embodiment shown in Figure
1 the steam inlet (3) is situated in the charging section
(7). The steam (3) can also be situated near the charging
section (7). Steam can also be introduced through op-
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tional additional steam inlet(s), which can be situated at
different parts along the reactor of the vertical pressu-
rized prehydrolysis reactor unit (1a).
By means of steam the biomass is thermally treated in
the vertical pressurized prehydrolysis reactor unit (1a).
The temperature is thereby usually in the range of from
120 °C to 220 °C, preferably of from 150 °C to 210 °C
and most preferably of from 180 °C to 200 °C. The pres-
sure is usually up to 25 bar, preferably of from 5 bar to
20 bar and most preferably of from 7.5 bar to 15 bar.
Two or more means for measuring temperature (6) are
situated at the reactor of the vertical pressurized prehy-
drolysis reactor unit (1a) by which the temperature is con-
tinuously monitored.
A steam/gas mixture is withdrawn from the vertical pres-
surized prehydrolysis reactor unit (1a) from at least one
outlet for a steam/gas mixture (5), which is situated at
the upper part of the pressurized prehydrolysis reactor
unit (1a). The embodiment shown in Figure 1 the outlet
for a steam/gas mixture (5) is situated at the upper part
of the charging section (7).
The steam/gas mixture can be withdrawn periodically or
continuously.
In periodical operational mode the steam/gas mixture is
withdrawn when during operation the temperature drops
below a predetermined temperature range usually of
from 0.1 to 10 °C, preferably from 0.5 to 5.0 °C and most
preferably from 0.5 to 1.5 °C. When the temperature
drops below said predetermined temperature range a
valve of the outlet for a steam/gas mixture either a signal
is given which indicates that the valve of the outlet for a
steam/gas mixture (5) needs to be opened manually or
the valve of the outlet for a steam/gas mixture (5) is
opened automatically.
In continuous operational mode the steam/gas mixture
is continuously withdrawn during operation. Additionally,
the steam/gas mixture may be periodically withdrawn ei-
ther through an additional outlet for a steam/gas mixture
(not shown) in another area at the upper part of the ver-
tical pressurized prehydrolysis reactor unit (1a) or by fur-
ther opening the valve of the outlet of a steam/gas mixture
(5) so that a higher amount of the steam/gas mixture is
periodically withdrawn. A periodic withdrawal of the
steam/gas mixture during continuous operational mode
is usually conduced when a temperature drop below a
predetermined temperature range usually of from 0.1 to
10 °C, preferably from 0.5 to 5.0 °C and most preferably
from 0.5 to 1.5 °C is monitored. The steam/gas mixture
can then be withdrawn either manually or automatically
as described above.
[0071] Water is fed into the vertical pressurized prehy-
drolysis reactor unit (1a) for diluting the thermally treated
biomass (not shown). By diluting the thermally treated
biomass the temperature of the thermally treated bio-
mass is usually reduced before discharge to a tempera-
ture range of from 50 °C to 140 °C, preferably from 65
°C to 130 °C and most preferably from 80 °C to 120 °C.
The diluted thermally treated biomass is then discharged

through the discharging unit (4). The biomass can be
discharged by dilution discharge usually at a temperature
of below 100°C and no flashing.
The biomass can also be discharged at a temperature
above 100°C and flashing without steam explosion.
The residence time of the biomass in the vertical pres-
surized prehydrolysis reactor unit (1a) is usually in the
range of rom 2 min to 60 min, such as from 2 min to 30 min.
[0072] Figure 2 shows a horizontal pressurized prehy-
drolysis reactor unit (1b) into which biomass is fed
through a feeding inlet (2) into the charging section (7)
situated at the upper part of the horizontal pressurized
prehydrolysis reactor unit (1b). The biomass is fed into
the horizontal pressurized prehydrolysis reactor unit (1b)
by means of a feeding system (not shown), which can
be selected from a plug screw feeder, a force feed screw
feeder, a rotary valve or combinations thereof.
The charging section (7) usually has the form of a hori-
zontally arranged pipe which bends downwardly in ver-
tical direction which connects the feeding system with
the upper part of the horizontal pressurized prehydrolysis
reactor unit (1b).
Through the inlet for steam (3) steam is introduced into
the upper part of the horizontal pressurized prehydrolysis
reactor unit (1b). In the embodiment shown in Figure 1
the steam inlet (3) is situated in the charging section (7).
The steam (3) can also be situated near the charging
section (7). Steam can also be introduced through op-
tional additional steam inlet(s), which can be situated at
different parts along the reactor of the horizontal pressu-
rized prehydrolysis reactor unit (1b).
[0073] By means of steam the biomass is thermally
treated in the horizontal pressurized prehydrolysis reac-
tor unit (1b). The temperature is thereby usually in the
range of from 120 °C to 220 °C, preferably of from 150
°C to 210 °C and most preferably of from 180 °C to 200
°C. The pressure is usually up to 25 bar, preferably of
from 5 bar to 20 bar and most preferably of from 7.5 bar
to 15 bar.
Two or more means for measuring temperature (6) are
situated at the reactor of the horizontal pressurized pre-
hydrolysis reactor unit (1b) by which the temperature is
continuously monitored.
A steam/gas mixture is withdrawn from the horizontal
pressurized prehydrolysis reactor unit (1b) from at least
one outlet for a steam/gas mixture (5), which is situated
at the upper part of the horizontal pressurized prehydrol-
ysis reactor unit (1b). The embodiment shown in Figure
1 the outlet for a steam/gas mixture (5) is situated at the
upper part of the charging section (7). The steam/gas
mixture can be withdrawn periodically or continuously.
In periodical operational mode the steam/gas mixture is
withdrawn when during operation the temperature drops
below a predetermined temperature range usually of
from 0.1 to 10 °C, preferably from 0.5 to 5.0 °C and most
preferably from 0.5 to 1.5 °C. When the temperature
drops below said predetermined temperature range a
valve of the outlet for a steam/gas mixture either a signal
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is given which indicates that the valve of the outlet for a
steam/gas mixture (5) needs to be opened manually or
the valve of the outlet for a steam/gas mixture (5) is
opened automatically.
In continuous operational mode the steam/gas mixture
is continuously withdrawn during operation. Additionally,
the steam/gas mixture may be periodically withdrawn ei-
ther through an additional outlet for a steam/gas mixture
(not shown) in another area at the upper part of the hor-
izontal pressurized prehydrolysis reactor unit (1b) or by
further opening the valve of the outlet of a steam/gas
mixture (5) so that a higher amount of the steam/gas
mixture is periodically withdrawn. A periodic withdrawal
of the steam/gas mixture during continuous operational
mode is usually conduced when a temperature drop be-
low a predetermined temperature range usually of from
0.1 to 10 °C, preferably from 0.5 to 5.0 °C and most pref-
erably from 0.5 to 1.5 °C is monitored. The steam/gas
mixture can then be withdrawn either manually or auto-
matically as described above.
Water is fed into the horizontal pressurized prehydrolysis
reactor unit (1b) for diluting the thermally treated biomass
(not shown). By diluting the thermally treated biomass
the temperature of the thermally treated biomass is usu-
ally reduced before discharge to a temperature range of
from 50 °C to 140 °C, preferably from 65 °C to 130 °C
and most preferably from 80 °C to 120 °C.
The diluted thermally treated biomass is then discharged
through the discharging unit (4). The biomass can be
discharged by dilution discharge usually at a temperature
of below 100°C and no flashing.
The biomass can also be discharged at a temperature
above 100°C and flashing without steam explosion.
The residence time of the biomass in the vertical pres-
surized prehydrolysis reactor unit (1a) is usually in the
range of rom 2 min to 60 min, such as from 2 min to 30 min.

Claims

1. A process for treating biomass comprising the steps
of:

(A) Feeding biomass into a pressurized prehy-
drolysis reactor unit by means of a feeding sys-
tem;
(B) Feeding steam into the pressurized prehy-
drolysis reactor unit;
(C) Thermally treating the biomass in the pres-
surized prehydrolysis reactor unit by contacting
the biomass with steam;
(D) Diluting the thermally treated biomass;
(E) Discharging the diluted thermally treated bi-
omass from the pressurized prehydrolysis reac-
tor unit;

characterized in that
a steam/gas mixture is withdrawn from at least one

outlet situated in an area at the upper part of the
pressurized prehydrolysis reactor unit.

2. The process according to claim 1, wherein the bio-
mass is continuously fed into the pressurized prehy-
drolysis reactor unit and the diluted thermally treated
biomass is continuously discharged from the pres-
surized prehydrolysis reactor unit.

3. The process according to claim 1 or 2, wherein the
feeding system is situated at the upper part of the
pressurized prehydrolysis reactor unit and is select-
ed from a plug screw feeder, a force feed screw feed-
er, a rotary valve, or combinations thereof.

4. The process according to any one of the preceding
claims, wherein steam is fed into the pressurized pre-
hydrolysis reactor unit through at least one inlet,
wherein at least one inlet is situated at the upper part
of the reactor of the pressurized prehydrolysis reac-
tor unit preferably near the charging section and at
least one optional additional inlet(s) is/are situated
at different parts along the reactor of the pressurized
prehydrolysis reactor unit.

5. The process according to any one of the preceding
claims, wherein two or more means for measuring
temperature are situated at different parts of the
pressurized prehydrolysis reactor unit and the tem-
perature in the pressurized prehydrolysis reactor unit
is continuously monitored.

6. The process according to any one of the preceding
claims, wherein a steam/gas mixture is withdrawn
from the at least one outlet situated in an area at the
upper part of the pressurized prehydrolysis reactor
unit periodically when a temperature drop during the
operation below a predetermined temperature range
is monitored.

7. The process according to any one of claims 1 to 5,
wherein a steam/gas mixture is withdrawn from the
at least one outlet situated in an area at the upper
part of the pressurized prehydrolysis reactor unit
continuously during operation.

8. The process according to any one of the preceding
claims, wherein the biomass is thermally treated by
heating to a temperature of from 120 °C to 225 °C.

9. The process according to any one of the preceding
claims, wherein the diluted thermally treated bio-
mass is discharged from the pressurized prehydrol-
ysis reactor unit by dilution discharge.

10. The process according to any one of the preceding
claims, wherein the diluted thermally treated bio-
mass is discharged from the pressurized prehydrol-
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ysis reactor unit is discharged through a discharging
unit.

11. The process according to any one of the preceding
claims, wherein the thermally treated biomass is di-
luted by contact with water.

12. The process according to claim 9 wherein the water
is fed into the discharging unit of the pressurized
prehydrolysis reactor unit.

13. A device for treating biomass comprising

• a pressurized prehydrolysis reactor unit (1a/b)
for thermally treating biomass;
• a feeding system for feeding biomass into the
upper part of the pressurized prehydrolysis re-
actor unit (1a/b);
• at least one inlet for steam (3) at the upper part
of the pressurized prehydrolysis reactor unit
(1a/b);
• two or more means for measuring temperature
(6) situated at different parts of the pressurized
prehydrolysis reactor unit;
• a discharging unit (4) for discharging the ther-
mally treated biomass from the pressurized pre-
hydrolysis reactor unit;
• at least one inlet for water into the discharging
unit;
• at least one outlet for a steam/gas mixture (5)
situated at the upper part of the pressurized pre-
hydrolysis reactor unit.

14. The device according to claim 13 wherein the pres-
surized prehydrolysis reactor unit is a vertical pres-
surized prehydrolysis reactor unit (1a) or a horizontal
pressurized prehydrolysis reactor unit (1b).

15. The use of withdrawal of a steam/gas mixture from
at least one outlet situated in an area at the upper
part of the pressurized prehydrolysis reactor unit for
stabilizing the temperature of a process for treating
biomass comprising the steps of:

(A) Feeding biomass into a pressurized prehy-
drolysis reactor unit by means of a feeding sys-
tem;
(B) Feeding steam into the pressurized prehy-
drolysis reactor unit;
(C) Thermally treating the biomass in the pres-
surized prehydrolysis reactor unit by contacting
the biomass with steam;
(D) Diluting the thermally treated biomass;
(E) Discharging the diluted thermally treated bi-
omass from the pressurized prehydrolysis reac-
tor unit.
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