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pre-treatnment or soaking is often used to ensure that the structure of the
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Disclosed in this specification is a process for the soaking of lignocellulosic biomass, compris-
ing the steps of: A) introducing a lignocellulosic biomass feedstock into a first soaking zone,
B) soaking the lignocellulosic biomass feedstock in the presence of a liquid or vapor of the lig-

uid for a first time and a first temperature correlating to a first severity of the soaking condi-



It is further disclosed that the soaking and washing may be conducted in a
series vessel, the sane vessel or piece of equipnent, and that the soaking
zones maywbeosimemsed on top of each other or side by sipd@IBroi1/b32al so

di scl osed that the process may be continuous or batch. Brief description of
figures Figure 1 is a schematic of a first enbodi nent of the process.
Figure 2 is a schematic of a second enbodi nent of the process. 3 Detailed
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of acetic acid, glucose, xylose and soluble oligomers thereof wherein the third severity is

greater than second severity, separating at least a portion of the third liquid comprised of at

least one compound selected from the group consisting of acetic acid, glucose, xylose and

soluble oligomers thereof from the biomass of the third soaking.
It is further disclosed that the soaking and washing may be conducted in a series vessel, the
same vessel or piece of equipment, and that the soaking zones may be situated on top of each

other or side by side. It is also disclosed that the process may be continuous or batch.

Brief description of figures

Figure 1 is a schematic of a first embodiment of the process.

Figure 2 is a schematic of a second embodiment of the process.



or even added water flow ng countercurrent to the solid flow and renovi ng
free liquid with dissolved xylans and xyl an derivatives. Conparative
exanpl es wWB-2M2249€E- C (See Table 2) In CE-A, a |ignocelPCuliBmilCofoNMass was
soaked at the indicated tenperature forythe tinme indicated in Table 1
(SQAKI NG CONDI TI ONS) . The cal cul ated severity for this step was 20. This
single step recovered only 6.94% of the Xylans present in the feed stream
87.89% remnined in the solids, and 5.17% were | ost, meaning they were
conver t edotailed dessripéen of unwant ed by-products. In CE-C, the sane feedstock
was soaked at the conditions indicated in Table 1, for a severity of 6802,
dramatically nore severe than the conditions of CE-A In this single step,
65. 05% ofDitdieed yil airsddsetiiones thenditdoeers ahdt dghen aldtrdBin 2¥bivetiags, rie paitiedled i n
the liquid, but 16.03% of the xylans were |aost to by-products. Table 1-
SOAKI NG digReseiions bjamate Apemngrqiedin@cyrias qfisprkipgfhydrolysisgcrsy the (psmgngoyery

eRT-100) / aﬂi%e\?e'ﬂty ﬁ‘lay%q/egEh@h,lﬂgicaﬁve of the long time at temperatures during the various

phases, but the amount of product recovered is substantially higher than would be expected.

The concept is demonstrated in the following working example with severity being determined
by the formula:

Ro = t x el(T-100/1475]
with temperature, T, expressed in Celsius and time, t, expressed in common units, in the case

below minutes.

The formula is also expressed as Ln (Ro), namely

Ln (Ro) =Ln(t) + [(T-100)/14.75].

When the steps are taken in series, the total severity is the sum of the individual Ro for each

soaking step.

The soaking procedure itself is known in the art, which is to place the lignocellulosic biomass
having a cellulose content of at least 5% by weight of the dry matter, and preferably at least
10% by weight of the dry matter of the biomass into a soaking zone or reactor, and introduce a
vapor, usually steam and maintaining the biomass at a temperature for a set amount of time.
Steam is added to the soaking reactor at an exemplary rate of 0.5 kg stm/lkg biomass fee-
dstock to 10 kg stm/1 kg biomass feedstock, depending upon the severity chosen. Instead of
adding steam liquid water can be added and heated up to the those conditions. The soaking zo-
ne holds the biomass in the presence of steam and water for approximately 30 minutes to 3
hours or longer, again depending upon the severity desired. The soaking temperature can be in
the range 100 °C to 210 °C, or even higher, but with diminishing returns. After soaking, the
solids/liquid/steam mixture is discharged into an inclined reactor, at typically the same pressu-
re of the soaking reactor. At this point liquid is removed via a discharge screw and into the in-

clined reactor. The solid biomass is carried up the inclined reactor with the cooled condensate
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or even added water flowing countercurrent to the solid flow and removing free liquid with

dissolved xylans and xylan derivatives.

Comparative examples CE-A and CE-C (See Table 2)

In CE-A, a lignocellulosic biomass was soaked at the indicated temperature for the time indi-
cated in Table 1 (SOAKING CONDITIONS). The calculated severity for this step was 20.
This single step recovered only 6.94% of the Xylans present in the feed stream. 87.89% re-
mained in the solids, and 5.17% were lost, meaning they were converted to a series of unwan-

ted by-products.

In CE-C, the same feedstock was soaked at the conditions indicated in Table 1, for a severity
of 6802, dramatically more severe than the conditions of CE-A. In this single step, 65.05% of
the xylans remained in the solids, and 18.92% were recovered in the liquid, but 16.03% of the

xylans were lost to by-products.

Table 1 — SOAKING CONDITIONS

ID Temperature time Severity
(°O) (min) | Ro
T ¢ ¢ x el(T-100)/14.75]
A, and CE-A 100 20 20
B, 140 30 452
C, and CE-C 180 30 6802
TABLE 2 - COMPARATIVE EXAMPLES
ID Severity Xylan in Solid Stream Xylan in Liquid Stream Xylan Lost
Ro (% of Feed Stock Xylanin So- | (% of Feed Stock XylaninLi- | (% of Feed Stock
lid Stream) quid Stream) Xylan not in Solid
or Liquid Stream)
CE-A (20 87.89 6.94 5.17
CE-C 6802 65.05 18.92 16.03




(% of Feed Stock Xylan in So- lid Stream) Xylan in Liquid Stream (% of Feed
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In working example 2 (see Table 3), Step CE-A was performed, the liquid removed, fol-
lowed by step CE-C. As can be seen by the data, the amount of xylan recovered in the lig-
uid stream was slightly lower than expected (the amount recovered from the direct addition

of CE-A and CE-C).

Unexpectedly, the amount of xylan lost to by-products was only 11.68% as opposed to the
16.03% lost in single Step CE-C. As the solids after soaking are usually passed on to a
steam explosion and enzymatic hydrolysis, the xylan remaining in the solid are available

for further recovery.

Working example 2 combined the conditions of soaking step A, washed, and followed by

soaking step C.

In working example 3, a step having a severity in between A and C was added, named B.
So working example 3, is the lignocellulosic biomass soaked at conditions A, with the li-
quid stream removed. The remaining solid is then processed at condition B, with the liquid
removed. The remaining solid is then processed at conditions C and the liquid removed.
As can be seen in Table 3 - Working Examples, less xylan were lost than compared to
single step C and 36.97% of the xylan were solubilized in the liquid, with 47.91% remai-

ning in the solid stream.

TABLE 3 - WORKING EXAMPLES

ID Severity Xylan in Solid Stream Xylan in Liquid Stream Xylan Lost

Ro (% of Feed Stock Xylanin So- | (% of Feed Stock XylaninLi- | (% of Feed Stock
lid Stream) quid Stream) Xylan not in Solid
or Liquid Stream)

WE-1 | 472 76.77 13.25 9.98

A+B

WE-2 | 6822 66.50 21.82 11.68

A+C

WE-3 | 7273 4791 36.97 15.12

A+B+C




16.03 5 In working exanple 2 (see Table 3), Step CE-A was perforned, the
liquid renoved, followed by step CE-C. As can be seen by the data, the
anount ofweybern4eesovered in the liquid streamwas sl i girCTyB2owWes4294han
expected (the amount recovered fromthg direct addition of CE-A and CE-QC).
Unexpectedly, the amount of xylan lost to by-products was only 11.68% as
opposed to the 16.03%lost in single Step CE-C. As the solids after soaking
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temperature T and for a time, to. The biomass moves through a discharge screw, Ay,

flowing into an inclined reactor (A;) with liquid L, being removed.

The biomass which has been soaked once, moves into the next soaking zone, Zone B, be-
ing characterized similarly as Zone A. In the case of Zone B, the steam entering the soak-
ing zone B is at a Temperature T, and Pressure P,, with biomass being kept in the zone at
temperature Ty and for a time, tg. The biomass moves through a discharge screw, By,

flowing into an inclined reactor (B;) with liquid Ly being removed.

The biomass, now soaked and washed for the second time, is sent to a third soaking zone,
Zone C, being characterized similarly as Zones A and B. In the case of Zone C, the steam
entering the soaking zone C is at a Temperature T3 and Pressure P3;, with biomass being
kept in the zone at temperature T¢ and for a time, tc. The biomass moves through a di-

scharge screw, Cg4, flowing into an inclined reactor (C;) with liquid L being removed.

The biomass is then moved to a compressor to prepare it for steam explosion. The last zo-
ne is to have its severity higher than the severity of at least one of the zones before it in the

process.

The process could also be done in a single vertical reactor comprised of zones, such as

those described in US 2008/0295981, (See Figure 1 of US 2008/0295981).

The adaption to the vertical column is readily apparent once one of ordinary skill realizes

that multiple washes in progressive temperature is beneficial. Figure 2 of this specification
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demonstrates the unit operations of such a device. The biomass is fed into the top of the
vessel passing into Zone A, where the biomass is treated at mild temperature conditions in
the presence of steam introduced at temperature T; and pressure P; and biomass held at
temperature Ta for a set period time ta, having generally a low severity. The liquid, La,
containing xylan can be separated from the biomass using an extraction screen indicated by
the diagonal lines underneath Zone A or some other device and the solids passed into the

next Zone, Zone B.

In Zone B the biomass is treated in the presence of steam introduced at temperature T, and
pressure P, and biomass held at temperature Ty for a set period time tg, and the liquid, Lg,
containing xylan is separated from the biomass the using an extraction screen indicated by
the diagonal lines underneath Zone B or some other device and the solids passed into the

next Zone, Zone C.

In Zone C the biomass is treated in the presence of steam introduced at temperature Tz and
pressure P3 and biomass held at temperature T for a set period time, tc, and the liquid, Lc,
containing xylan can be separated from the biomass using an extraction screen indicated by
the diagonal lines underneath Zone C or some other device and the solids passed into the

next Zone, or in this case, the compression step in preparation for steam explosion.

It is preferred to have the severity increase with each soaking.

After the washing steps are completed, the liquid streams can be collected and further
treated. The solid biomass is then recovered and usually passed onto a steam explosion

step, which could be mounted at the bottom of the vertical reactor.

In the above embodiment, the material flow is downward. However, the flow could also be
upward with the liquid extraction device different so that the liquid, usually water, moves
countercurrent to the flow of the biomass. The zones can be configured horizontal to each

other and the biomass would thus move sideways.

According to a further embodiment of the invention, at least one of the wash steps has a



36.97 15.12 6 This evidence denonstrates the inproved efficiency of
conducting the soaking and washing steps in a sequential manner. This
process cwoldizng2498ne in a series of vessels as depi ct edCInBHiI1gNF4R4l, where
the severity, in either tenperature or ginme is progressively increased from
one vessel to another. Referring to Figure 1, the soaking zones A, B, and C
are oriented in series. They are nmaintained at their respective
tenperature. In the case of Zone A the steamentering the soaking zone A
is at a Tevsséy araics tmn ospauabiediesevering of wPICNICHD el Sh &) g PKESSES- i n t he zone
at tenperature TA and for a tine, tA The bionmass noves through a discharge
screw, Ad, flowing into an inclined reactor (A ) with liquid LA being
renoved. The®rdiessmass ruhdscicdadsudis@noceadkiathidingecessoves i nto t he next
soaki ng zone, Zone B, being characterized simlarly as Zone A In the case
of Zone B, the steamentering the soaking zone B is at a Tenperature T2 and
Pressur e 1oy SdhBhRIPRSmARL BEtAR! dbrhihRiRane Al (hEAREHRRUS fo oflnARA for
atine, e mass anes roug a di scharge screw, owi ng Into
an i ncl i ne therepgimdonent8a manyt Varialthnls of th8iryenthign exestoved. The bi omass, now
soaked and washed for the second time, is sent to a third soaking zone,
Zone C, being characterized simlarly as Zones A and B. In the case of Zone
C, the steamentering the soaking zone Cis at a Tenperature T3 and
Pressure P3, with biomass being kept in the zone at tenperature Tc and for
atinme, tc. The biomass noves through a di scharge screw, Cd, flowng into
an inclined reactor (C/) with liquid Lc being renoved. The bionmass is then
noved to a conpressor to prepare it for steam explosion. The |ast zone is
to have its severity higher than the severity of at |east one of the zones
before it in the process. The process could al so be done in a single
vertical reactor conprised of zones, such as those described in US

2008/ 0295981, (See Figure 1 of US 2008/0295981). 7 denonstrates the unit
operations of such a device. The biomass is fed into the top of the vessel
passing into Zone A, where the biomass is treated at mld tenperature
conditions in the presence of steamintroduced at tenperature T1 and
pressure Pi and bi omass held at tenperature TA for a set period tinme tA,
havi ng generally a | ow severity. The liquid, LA containing xylan can be
separated fromthe bi omass using an extraction screen indicated by the

di agonal 1ines underneath Zone A or sone other device and the solids passed
into the next Zone, Zone B. In Zone B the bionmass is treated in the
presence of steamintroduced at tenperature T2 and pressure P2 and bi omass
hel d at tenperature TB for a set period tine tB, and the liquid, LB,
containing xylan is separated fromthe biomass the using an extraction
screen indicated by the diagonal |ines underneath Zone B or sone ot her
device and the solids passed into the next Zone, Zone C. In Zone C the
biomass is treated in the presence of steamintroduced at tenperature T3
and pressure P3 and biomass held at tenperature Tc for a set period tineg,
tc, and the liquid, Lc, containing xylan can be separated fromthe bionmass
usi ng an extraction screen indicated by the diagonal |ines underneath Zone
C or sone other device and the solids passed into the next Zone, or in this
case, the conpression step in preparation for steamexplosion. It is
preferred to have the severity increase with each soaking. After the
washi ng steps are conpleted, the liquid streanms can be coll ected and
further treated. The solid biomass is then recovered and usually passed
onto a steam expl osion step, which could be nounted at the bottom of the
vertical reactor.



In the above enbodi nent, the material flowis dowward. However, the fl ow
could al so be upward with the liquid extraction device different so that

t he |i quiw 20exab49g wat er, noves countercurrent to the fPCoaBmf1/03I94bI omass.
The zones can be configured horizontal ¢ o each other and the bi omass woul d
t hus nove sideways. 8 severity greater than or equal to the severity of a
previ ous wash step in the process. The process may run as a continuous
process or batch process. It should be apparent fromthe exanples and
enbodi nents that this invention is dEL_Eﬂgited to the enbodi rents as many
variations of the invention exist. 9 CLAIMS 1.A process for the soaking
of lignocellul osic bionmass, conprising the steps of A) introducing a
| i gnocel lul osiAcpiotesgasisthé eeksigosikignbtéludosid Bisinas)akpigsid@e,steps of  B)
soaking the |ignocellul osic bionass feedstock in the_presence of a |liquid
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2. A process according to claim 1, comprising the further steps of

introducing the biomass from the second soaking zone into a third soaking zone in
the presence of a liquid for a third time and at a third temperature range correlating to a
third severity of the soaking conditions creating a third liquid comprised of at least one
compound selected from the group consisting of acetic acid, glucose, xylose and soluble
oligomers thereof, wherein the third severity is greater than second severity,

separating at least a portion of the third liquid comprised of at least one compound
selected from the group consisting of acetic acid, glucose, xylose and soluble oligomers

thereof from the biomass of the third soaking.

3. The process according to any of claims 1 and 2, wherein the soaking of each soak-

ing zone is conducted in a separate vessel.
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soaking z are hor o~ eac ther. process atcording to any
of clainms 1 and 2, wherein the soaking zones are in a single vessel and the
first soaking_zone is |ocated beneath the second soaking zone. ,

S. The process according to any of claims 1 and 2, wherein the soaking zones are in a

single vessel and the first soaking zone and second soaking zone are horizontal to each

other.

6. The process according to any of claims 1 and 2, wherein the soaking zones are in a

single vessel and the first soaking zone is located beneath the second soaking zone.



