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Lignocellulosics can be separated into their three main components
by extraction with acetic acid, containing 0.1% hydrogen chloride,
at 110 °C. The residual pulp can be bleached in the same solvent with
peracetic acid, which is formed in situ when adding hydrogen perox-
ide. Hemicelluloses and lignin are obtained in a low condensed and
relatively reactive form that may be converted into valuable chemical
raw materials. Some aspects of such conversions are discussed.

Chemischer Aufschlufl von Lignocellulosen

Die Auftrennung von Lignocellulosen in ihre drei Hauptkomponen-
ten gelingt durch Extraktion mit Essigsdure, die 0.1% Salzsdure ent-
hélt, bei 110 “C. Der zuriickbleibende Zellstoff 148t sich im gleichen
Losungsmitiel mit Peressigsdure bleichen, die in situ durch Zugabe
von Wasserstoffperoxid entsteht. Hemicellulosen und Lignin werden
in wenig kondensierter, relativ reaktiver Form erhalten und eignen
sich fiir die Herstellung wertvoller chemischer Rohstoffe. Einige
Aspekte dieser Umwandlungen werden diskutiert.

1 Introduction

Lignocellulosics, like wood and annual plants, consist of
three main components, cellulose, hemicelluloses and lignin
(Table 1). E.g. spruce wood contains 43% cellulose, 27%
hemicelluloses and the same amount of lignin; beech wood
consists of about the same amount of cellulose, 41%, how-
ever less lignin, 22%, and correspondingly more hemicellu-
loses, some 35%. These numbers are typical for European
softwoods and hardwoods. Grasses, like wheat straw, con-
tain also 35% hemicelluloses, but less lignin (18%) and cel-
lulose (38%).

The principal drawback in any chemical processing of lig-
nocellulosics is that it is not possible, neither technically nor
on a laboratory scale, to separate these three components
without changing their chemical structures. It is not only the
chemical linkages between lignin and carbohydrates which
hinder their separation but also their macromolecular struc-
ture. E.g., native lignin, due to its threedimensionally cross-
linked structure, is insoluble in any solvent. So, in order to
extract lignin from wood or annual plants, besides cleavage
of covalent bonds between lignin and hemicelluloses, the lig-
nin has to be partially degraded to lower molecular weight
fragments that are soluble in the solvent. The problem, how-
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Table 1. Composition of lignocellulosics

Lignoceliulosics, %

Spruce wood  Beech wood Wheat straw

Cellulose 43 41 38
Hemicellulose 27 35 35
Lignin 27 22 8

ever, is that under the conditions, needed for such degrada-
tion, condensation reactions in lignin occur, which counter-
act the degradation.

On the other hand, it is not possible to dissolve un-
changed cellulose from wood by leaving the undissolved lig-
nin as the residue.

Currently exist two technical procedures for wood pro-
cessing, wood pulping and wood saccharification. Both uti-
lize only the cellulose, that means some 40...50% of the
wood, while the lignin and hemicelluloses are lost as waste
products. In the case of wood saccharification the cellulose
is dissolved by degradation to glucose and the lignin is con-
verted to a condensed insoluble product. This process is
presently not applied in Western European countries be-
cause the price of ethanol, obtained from cellulose by fer-
mentation of glucose, cannot compete with that of the etha-
nol from ethylene or even from other biomass like sugar
cane, sugar beets or starch.

The second process, wood pulping, serves for the produc-
tion of paper from wood. In this process, the lignin is dis-
solved by the introduction of hydrophilic groups, i.e. sul-
fonic acid or mercaptane groups, as well as by partial degra-
dation. Currently the global production of chemical pulp
amounts to more than 100 mio tons annually. The Federal
Republic of Germany produces some 800,000 tons and im-
ports 2.5 mio tons pulp per year, while the European Com-
munity produces 3 mio tons and imports 4.5 mio tons per
year at a cost of some 2 billion ECU (Table 2).

From the numbers given above it can be estimated that
the global production of lignin in the pulp mills amounts to
some 50 mio tons per year which is more than the whole pro-
duction of plastics. Correspondingly, some 30 to 40 mio tons
of hemicelluloses are also produced in the spent liquors, that
are mainly evaporated and burnt. It is not economically fea-
sible to separate the lignin from the hemicelluloses in con-
ventional spent liquors. Also, the lignin is severely con-
densed and contains sulfur, hindering its application on a
larger scale. Only the calcium base spent sulfite liquors are
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Table 2. Lignin and hemicelluloses as byproducts of chemical pulp
and cereal crop in the EEC 1982, in 1000 t

Chemical pulp Lignin Hemi-
celluloses
Wood® prod. 3,091 1,500 1,000
cons. 7,645 120¢ 80°¢
Cereal straw® prod. 200 100 150
potent. 50.000 22,500 42.000

* VDP (1984)
® Rexen, Munck (1984)
¢ Estimated values

partly spray-dried and sold for various purposes (Table 7).
Their amount in the EEC is about 200,000 t/y, correspond-
ing to 8% of the totally produced spent liquors (2.5 mio t, cf.
Table 2). From Table 2 it is also obvious that the EEC pro-
duces some 140 mio t of straw per year. If only 10% of this
straw were pulped, it would cover more than the imported
4.5 mio t of pulp. The present problems in straw pulping by
soda cooking arise from the high silica contents of the spent
liquors and the inferior pulp properties.

However, other pulping conditions may change these
drawbacks to a point where they are less detrimental. Fur-
thermore, van der Klashorst et al. (1985) have shown that
bagasse soda lignin, which is comparable to straw lignin,
condenses easily with formaldehyde and thus can be used as
cold setting wood adhesive. In contrast, lignins from conven-
tional pulping spent liquors show less reactivity towards for-
maldehyde, due to their highly condensed and sulfur con-
taining structures.

2 Acetosolv-pulping

In recent years, organosolv pulping has attracted interest for
reasons of environmental pollution. Though organosolv
pulping has not reached technical application yet, it has the
advantage that sulfur containing chemicals leading to SO,
by burning the effluents are avoided. Furthermore, lignin is
lipophilic, while the carbohydrates in wood, cellulose and
hemicelluloses, are hydrophilic. For this reason lignin may
be extracted from wood with organic solvents under milder
conditions than with water, as it is the case in conventional
pulping, where hydrophilic groups have to be introduced
into the lignin under more severe conditions, in order to get
it soluble in water.

Up to now, ethanol and methanol are the main solvents
used for organosolv pulping. In the Munich-Dachau-(MD)-
procedure, which has now reached demonstration plant
scale, wood chips are first treated with 50% aqueous meth-
anol at 190 °C for 15 min and thereafter with 30% methanol
in the presence of sodium hydroxide and anthraquinone at
170 °C for some 30 min.

Last year in our laboratory we have developed a pulping
procedure using acetic acid (Nimz, Casten 1984} instead of
alcohol (Fig.1). In this case, wood chips or straw are ex-
tracted with 95% aqueous acetic acid containing 0.1% hy-
drogen chloride at 110 °C for 3...5 hours. In contrast to
conventional sulfite pulping, pine wood can also be deligni-
fied to a kappa number below 30. When compared with the
MD procedure, no pressure vessels, sodium hydroxide or an-
thraquinone are needed. The only chemicals, acetic acid and
hydrogen chloride, are recovered by evaporation of the ex-
tract. The residue, when poured into water, yields lignin as
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Fig. 2. Carrousel extractor for acetosolv pulping and bleaching
Bild 2. Karussell-Extraktor fiir Acetosolv-AufschluB und -Bleiche

an insoluble precipitate, which my be filtered off, while the
aqueous filtrate contains the hemicelluloses. The lignin is
free from carbohydrates, due to the mild pulping conditions
little condensed and soluble in many organic solvents.

Another advantage of our procedure is that we can
bleach the pulp in the same solvent by the addition of hy-
drogen peroxide at the end of the extraction. The hydrogen
peroxide combines with the acetic acid under the formation
of peracetic acid, which is known to be a powerful and selec-
tive delignification and bleaching agent.

In conventional as well as organosolv pulping with alco-
hols one gets a pulp with a kappa number of or below 30,
which has to be bleached in 3 to 5 steps with chlorine, hy-
pochlorite and/or chlorine dioxide. Correspondingly, the
bleaching effluents contain chlorinated organic compounds,
which currently cause the main environmental problems in
pulp mills.

Figure 2 shows a possible carrousel extractor for pulping
and bleaching consisting of 12 sectors. The extractor moves
counter-clockwise with a speed of e.g. one sector per hour,
while the acetic acid flows clockwise (small arrows). There
are three zones, a washing zone, a bleaching zone and a pulp-
ing zone. The washing zone (sectors 10 and 11) contains
water, which is added into sector 11, the bleaching zone (sec-
tors 9 to 6) contains 70-90% acetic acid with hydrogen per-
oxide, added into sector 9, and the pulping zone (sectors 5 to
1) contains 90-95% acetic acid with 0.1% hydrogen chlor-
ide. The fresh wood chips are filled into sector 12 and are re-
leased after a full rotation of the extractor as washed pulp
from the same sector.



H.H. Nimz and R. Casten: Chemical processing of lognocellulosics

Table 3. Pulp properties after 4 h pulping with 95% acetic acid at 110 “C at various concentrations of HCI

Spruce Spruce Spruce Beech Pine Wheat straw
HCI 0.05 0.1 0.2 0.1 0.1 0.1
Yield 51.3 46.7 44.0 41.4 49.6 37.7
Fines 50.5 46.3 432 41.3 37.1 36.6
Shive yield 0.8 0.4 0.8 0.1 12.5 1.1
Kappa-number 38.3 30.2 22.5 7.7 61.0 25.0
DPy, 2516 2,309 2,861 3,218 - 2,413
Beating degree 47.5 30.5 47.0 74.0 52.0 76.5
Beating length 11,220 9.860 10,270 8.135 8,292 7,188
Tearing strength 51.2 62.9 67.6 42.5 50.1 37.0
Burst area 69.7 58.2 60.6 53.6 58.6 423
Folding endurance 3,529 3.599 3,902 5.845 1,808 746
Table 4. Pulping and bleaching of beechwood chips Straw Hardwood
No. Pulping  Bleaching Pulp Brightness fians
time —  vyield Yo Xylose + Arabinose + Glua
h % H,0, time,h ISO Hzl \1' l /
31 3 I 4 2.2 75.8 xhiol
30 4 I 4 40.9 79.3
36 5 I 4 39.1 80.5 Furfurylalcohol (adhesives)
34 4 1 8 41.5 84.0 Furfurylcarbenic acld
37 3 ! 8 40.0 85.2 igiighvdrofuran
35 4 2 4 40.2 85.7 Polyteframethyieneoxlde
1.4 Butandiol

The acetic acid used for the bleaching flows further to the
pulping zone und leaves the extractor in section 1, together
with the other acetic acid, added in sector 5. In this way less
than 5 liters of acetic acid are needed per kg of wood.

Another possible technique uses separated pulping and
bleaching towers by recycling the extract with intermediate
defibration of the pulped chips, which reduces the bleaching
time and the amount of hydrogen peroxide.

Table 3 shows the properties of some pulps before
bleaching. After four hours extraction of spruce wood chips
with 0.1% hydrogen chloride the kappa number is 30 at a
pulp yield of some 46%. Strength properties are comparable
to those of sulfate pulp. Beech wood chips under the same
conditions give kappa numbers around 8, DP values above
3,000 and a beating length of some 8,000 m. The results with
pine wood in this case were not satisfying, but in the mean-
time we have found conditions by which pine wood chips can
be pulped too. Straw gives also pulp with reasonable
strength properties. The results, given in Table 3, are only of
preliminary value, because they were obtained from 50 g
wood samples.

Table 4 shows the results after bleaching of beech wood
chips. With a 1% hydrogen peroxid solution an 84% bright-
ness degree is obtained after eight hours bleaching time.
These results were obtained with not defiberized pulp, so
that the bleaching time and the consumption of hydrogen
peroxide may be further reduced.

Our present work is dealing with optimization of the
pulping and bleaching conditions as well as properties and
utilization of all three wood components, pulp. lignin, and
hemicelluloses.

3 Products derived from hemicelluloses

The key products derived from hemicelluloses are furfural
from pentosans and hydroxymethylfurfural from hexosans
(Fig.3). A great variety of chemicals may be obtained from
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Fig. 3. Main products derived from hemicelluloses
Bild 3. Hauptprodukte aus Hemicellulosen

furfural. Furfural and its reduction product, furfurylalcohol,
can be used as adhesives and substitute formaldehyde in par-
ticleboard glues. However, currently it cannot compete with
the price of urea-formaldehyde and similar resins, due to its
price of about DM 2.70/kg. The price of furfural depends on
the concentration of xylans in the substrates from which it
is obtained with strong mineral acids. In oat hulls and corn
cobs the concentration of xylans is close to 30% while the
aqueous solutions obtained from hardwood chips after ex-
traction with acetic acid contain some 70% xylans. From
straw, besides xylose, some arabinose is obtained which also
yields furfural on acidolysis.

In the case of softwoods, the hemicelluloses consist
mainly of glucomannans which on treatment with strong
mineral acids give hydroxymethylfurfural (HMF). This
compound is relatively unstable and the yields are low. Ac-
cording to Szmant and Chundury (1981) the highest yields
(42%) were obtained from glucose in DMSO with borontri-
fluoride as catalyst after 48 h at 100 °C. However, these yields
were determined in solution, without isolation of the prod-
ucts. It is well known that the main losses occur during iso-
lation by distillation. For this reason Stenzenberger and co-
workers (1983) have proposed acetylation of HMF to ace-
toxymethylfurfural (Bicker 1983), which is more stable and
can be distilled without decomposition. Simultaneously,
Dadgar and Foutch (1983) have claimed to get 40% yield,
based on cellulose, of HMF from sawdust by a multistage ex-
traction process. HMF actually is only an intermediate in the
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Fig. 4. Conversion products of levulinic acid
Bild 4. Umwandlungsprodukte der Livulinsdure

dehydration of hexoses. Besides humic acids it yields levu-
linic (/) and formic acid (2) as relatively stable endproducts
which can also be obtained directly from cellulose or gluco-
mannans.

(CeH,405),-2% n CH,CO—CH,—CH,—CO,H +n HCOOH.

I 2

The theoretical yield of levulinic acid from cellulose is
71.6%. The maximum yields obtained are about 47%, be-
cause always some humic acids are formed simulianeously.

Levulinic acid again is a compound from which a great
variety of valuable chemicals may be obtained (Leonard
1956). E.g., it can be hydrogenated to y-valerolactone (4) and
to methyltetrahydrofuran (5, Fig.4). The latter compound is
an excellent extender or substitute for gasoline. However,
hydrogenation at present is too expensive for this purpose.
A much cheaper liqued fuel would be z-angelicalactone (AL,
6), which is obtained from levulinic acid by distillation in the
presence of phosphoric acid (Fig. 4). In a recent paper, Tho-
mas and Barile (1984) have shown that AL is a much more
effective fuel than ethanol (Table 5).

The performance of AL as a gasoline extender at higher
concentrations measured in horsepower seconds is higher
than that of any alcohol, as checked by the authors in an
Otto engine. The authors have also estimated the costs of
angelicalactone from bagasse and compared it with that of
ethanol from wood. According to their calculations the price
of angelicalactone is $ 0.27/1, when formic acid is taken into
account with $0.55/kg, and $0.67/1 for ethanol from
wood.

4 Products derived from lignin

[t has been mentioned above that lignin in spent liquors from
pulp mills so far has found no technical application at a price
much higher than that as a fuel substitute for heavy oil. Cal-
cium base spent sulfite liquor (SSL) contains only 40...60%
lignosulfonic acids (Table 6) and some 10% inorganic salts.
A great part of the hemicelluloses is decomposed to sugar
acids and humic acid like materials.
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Table 6. Composition of calcium base spent sulfite liquor

Softwood Hardwood
Y% Yo
Lignin sulfonates 55 42
Hexoses 14 5
Pentoses 6 20
Sugar acids and residues 12 20
Resins and extractives 3 3
Ash 10 10

Table 7. Application of spray dried spent sulfite liquors (SSL)

Binder and adhestve Pelletizing animal fodder
Substitute to phenolic resins

Adhesive for particle boards
Ore and mold binders
Grinding aid and additive for cement

Dispersants Clay and ceramic industry
Paints

Insecticides

Herbicides

Pesticides

Emulsifier and stabilizer for oil-in-water emulsions

Oil well drilling mud

Tanning and sequestering agent

Separation of the lignosulfonic acids is not feasible as
long as its price is low. So it is mainly burnt. As already men-
tioned above, only some 200,000 t/y spray dried calcium ba-
se SSL are sold in the EEC, corresponding to about 8% of
the totally produced lignin in the EEC or 2.6% of the lignin
obtained as a byproduct from 7.6 mio t pulp actually consum-
ed in the EEC. Some 60% of it are applied as low valuable
binders mainly for pelletizing animal fodder (Table 7).

The application of SSL as a substitute to phenolic resins
and adhesive for particleboards seems most attractive and
has been extensively explored during the past years (Roffael
1979; Ayla, Nimz 1984; Nimz, Hitze 1980; Nimz 1983). How-
ever, up to now only up to 25% of the phenolic resins in
adhesives for particle boards can be replaced by SSL without
deteriorating the swelling and strength properties of the
boards. Also corrosion problems occur with the sulfonic acid
groups in the SSL. It is to be anticipated that organosolv and
especially acetosolv lignin (ACL) are much better suited for
this purpose.

In a recent study Zander (1984) found a deterioration of
the properties of particle boards when more than 10% of the
phenol resin were replaced by organosolv (MD) lignin, dis-
solved tn 10% sodium hydroxide solution. The sodium hy-
droxide was needed because organosolv lignins are insoluble
in water. In the case of bagasse lignin, van der Klashorst et
al. (1985) used hydroxymethylation and 20% methanol in

Table 5. Density mass-air/mass-fuel values of various percentages of candidate fuels in gasoline (Thomas,

Barile 1984)

% Additive in gas (V/V)

100 50 40 30 20 10 0
AL 9.27 10.25 10.44 10.64 10.83 11.03 11.22
Ethanol 7.84 9.53 9.87 10.21 10.54 10.88 11.22
Methanol 7.14 9.18 9.59 10.00 10.40 10.81 [1.22
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water as a solvent in order to get a cold setting wood adhe-
sive. This shows that the pH plays an important role for the
effectiveness of the gluing.

Another possibility is lignin degradation to low molecu-
lar weight chemicals. Out of the many products that may be
obtained from lignin (Fig. 5) so far only vanillin and dime-
thylsulfoxide (DMSO) are commercially produced on a
small scale. Yields are, however, low and actually exists no
market for higher amounts of vanillin.

Hydrogenolysis at 350...450 °C in the presence of cata-
lysts leads to a mixture of alkylated phenols. The Japanese
Noguchi process consists of two steps by which the spent sul-
fite liquor is first desulfonated and separated from inorganic
salts and sugars and thereafter mixed with phenol in order
to get a homogeneous mixture for the hydrogenation step.
The process was repeated by Crown Zellerbach in the early
sixteeth, who found lower yields of phenols (21%) than the
Japanese authors had published (44%). In the case of ACL
a one-step procedure would be sufficient, because no salts or
sulfur have to be removed before the hydrogenation step.

The conditions are similar to those used in the PERC or
LBL procedures for the liquefaction of wood by catalytic hy-
drogenation (Esnouf 1985; Moffatt, Overend 1985). In these
processes the whole wood (not just the cellulose) is transfor-
med to liquid fuels. The main problems in wood liquefaction,
however, are high costs for the grinding of wood and hydro-
genation of the carbohydrates. Lignin contains some 20%
less oxygen than cellulose und hemicelluloses and 15% less
than wood. This means that the hydrogenation of lignin con-
sumes much less hydrogen and no grinding energy, which
makes acetosolv lignin a much more attractive candidate for
liquid fuels than wood. Furthermore, no transportation
costs arise if the hydrogenation plant is built close to a pulp
mill.

Similar considerations are valid for the pyrolysis of lignin
to synthesis gas or to acetylene (Fig. 5). The latter is obtained
either from wood or from lignin above 1,200 °C, if the reac-
tion time is very short (flash pyrolysis). The technology of
this process is known from the industrial production of ace-
tylene from hydrocarbons. Crown Zeilerbach Corp. had
built a pilot plant for the production of acetylene from lignin
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and wood in the 1970th. The highest yield obtained from
kraft lignin was 23%. It was caculated that, in order to be-
come economical, the yield should be higher than 30%, at a
capacity of 150 t/d. If one starts with pure, sulfur-free orga-
nosolv lignin, this aim should be reached easier than with ei-
ther kraft lignin or wood.

5 Conclusions

In general any chemical processing of lignocellulosics has
first to deal with the separation of its three main compo-
nents, cellulose, hemicellloses, and lignin. The easiest way,
extraction of one or two components with an appropriate
solvent, is not possible. because each component is insoluble
in any solvent due to its macromolecular structure and cova-
lent chemical bonds between lignin and hemicelluloses.

Conventional chemical pulping procedures introduce sul-
fur containing functional groups into lignin in order to get
it soluble in the aqueous reaction medium. However, lignin,
according to its chemical structure, is a hydrophobic com-
pound, while cellulose and hemicelluloses are hydrophilic.
This means that organic solvents are more selective than
water for the extraction of lignin from wood and for the
bleaching reactions, in which a highly selective reactivity of
lignin is required.

In the proposed acetosolv-procedure much milder reacti-
on conditions than in conventional pulping procedures are
needed for an only slight lignin degradation, necessary for
the solubility of lignin in acetic acid. Furthermore, acetic
acid combines with hydrogen peroxide to peracetic acid,
which has long been known as a powerful and selective lignin
oxidant. This allows a sulfur-free pulping and chlorine-free
bleaching.

Conventional pulping as well as saccharification of ligno-
cellulosics make use only of some 50% of the raw material.
Lignin and most of the hemicelluloses are waste materials,
because they are severely condensed or transformed to hu-
mic substances under the conditions applied. Acetosolv
pulping leads to a lignin that is less condensed and free from
sulfur.

Acetosolv pulping of straw yields a typical grass lignin
that is suitable as a glue for particle boards. Straw pulp is al-
ready produced in Denmark and Ttaly by soda cooking in
low amounts. The main drawback of straw is its high content
of silica which is less detrimental in acetosolv cooking, be-
cause in this case half of the silica remains in the pulp and
the other half in the lignin, which must not be burnt. In case
of straw-saccharification, the price of lignin would reduce
the final price of ethanol.

Recently Paszner et al. (1985) have claimed that high
yields of glucose may be obtained from lignocellulosics by
acid catalysed organosolv means (ACOS). The process is si-
milar to acetosolv pulping with the exception that it uses ace-
tone instead of acetic acid and 200 °C instead of 110 “C. This
results in the complete hydrolysis of cellulose in one step.
The lignin may, however, be more condensed under the cho-
sen reaction conditions. This has to be proven, because it is
of basic importance for the cost calculations of ethanol ob-
tained from the glucose. It seems to us that the concomitan.
utilization of lignin and perhaps the pentoses from the hemi-
celluloses will be an indispensable prerequisit for the produc-
tion of ethanol from lignocellulosics.

Aside from the above mentioned ACOS procedure,
which has to be proven yet. yields of glucose, which is the es-
sential intermediate in ethanol production, are far less than
100% in acid hydrolysis procedures, and side products like
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hydroxymethylfurfural have to be removed before fermenta-
tion of glucose to ethanol. Enzymatic hydrolysis of cellulose
to glucose needs delignification in the case of lignocellulosics
so that acetosolv pulping is advantageous as a pretreatment
procedure.

However, ethanol is not the only liquid fue! or useful che-
mical that may by derived from cellulose. According to Tho-
mas and Barile (1984) x-angelicalactone shows a better per-
formance as a gasoline extender than ethanol and can be ob-
tained at a lower price from lignocellulosics. Though the au-
thors did not remove the lignin before hydrolysis of bagasse
in their calculations, it might improve the yields and add li-
gnin as an additional valuable product. The production of «-
angelicalactone from cereal straw, bagasse or residual wood
concomitantly with lignin and furfural from the pentosans
seems to us an attractive reseach project.

As can be seen from Fig.3, a great variety of valuable
chemicals can be obtained from hydroxymethylfurfural
(HMF). However, due to its instability, the yield of HMF
from cellulose is always low, and many publications have
been dealing with this problem. In our laboratory, we have
started some promising research in getting stable derivatives
of HMF and levulinic acid from cellulose, which may be fur-
ther processed or used as fuels.

Liquefaction of wood or other lignocellulosics by cataly-
tic hydrogenation at temperatures between 300 and 450 °C
is the only process in which all three components are utilized.
However, the two main obstacles hampering its technical ap-
plication in the future will be the high energy needed for
wood grinding and the large amount of hydrogen necessary
for the transformation of carbohydrates to hydrocarbons. In
contrast, lignin contains 20% less oxygen than carbohydra-
tes and correspondingly needs much less of the expensive hy-
drogen for getting liquid fuels. Furthermore, lignin is already
obtained as a fine powder in the acetosolv process, needing
no further grinding.

Any processing of lignocellulosics has to deal with all
three components in order to become compatible in price
with the processing of other raw materials. However, even by
doing so, some products, like liquid fuels, might be obtained
cheaper from coal. Consequently, one should look for other
valuable products that cannot be derived or only at a higher
price from coal or crude oil. One such product is certainly
pulp. Pulp does not only serve for the production of paper
but also for valuable fibers and cellulose derivatives. A great
variety of chemicals other than ethanol may be obtained
from cellulose, which are derived from other raw materials
only at higher costs. The market for such products in some
cases may expand with their availability at a lower price.
This might especially be possible for furfural from hemicellu-
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loses. New technologies are urgently needed for getting uni-
form products in higher yields under less polluting conditi-
ons.
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