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CHARACTERIZATICN OF THE LIGNIN ISCLATED FROM BIRCH w(CC AFTER
CARBCHYDRATE EXTRACTICN WITH HYDROGEN FLUORIDEl

Johr Fapadepoulos and Jacques Defaye
Centre de Recherches sur les Macromolécules Vécétales
C.N.R.S. Grencble, B.P. 68, F-384CZ Saint Martin d'Héres, France.

ABSTRACT

High yields of D-glucese and C-xylcse water soluble oligosac-
charides were obtaired by extracticn of birch wecod with ankydrous
hydrcgen flucride at sub-ambient or ambient temperature. A smell
arourt of carbchydrates remained in the resulting insoluble 1lignin.
Investigaticr by infrared spectroscepy as well as phenolic group
aralyses incicated a probable low level of aryl alkyl ether Tlinkage
cleavage, at Tleast in the range of the reacticr conditions studied.
Alkaline nitrubenzene oxidaticer of Tlignin showed that cordensation
occurred, as measured by the decrease in yield of total p-hydrc-
xybenzaldehycdes, during the hydrcgen flucride treatment. -

Hydrogen fluoride (HF) is nocw a well-recognized reagent for the
conversicn ¢f polysaccharides into water-soluble, small oligomers. The
course and mechanism of the fluorclysis reaction has been established
for cellulose, starch, xylanz, inulin3, chitin, and chitosan4. Cne of
the main features of this reagent is that it dissolves and depolymerizes
polysaccharides mcre rapidly and at lower temperatures than any other
acid that has been studied for this purpese. Furthermore, the low
tciling point of HF is an attractive characteristic for technological

applicaticns as it may enable an easy recovery of the reagent 5’6’7.

203
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These unique properties have attracted interest in its possible use
for the extraction of carbohydrate components from lignccellulosic
materials, and several patent58 were jssued fcr this purpose as early as
in the 1930's. Technological improvements, involving the use of hydrogen
fluoride in a continuous process, appeared more recently in the patent
]iteratureg. Although it is generally recogm’zed10 that the economical
potential of any wood hydrolysis prucess would be considerably enhanced
by taking into account, as far as possible, added values for components
cther than saccharides, lignin has received little attention ir this
respect.
Partial characterizaticn of lignins resulting from hydroch;?rzg and
It

seemed therefore appropriate tc investigate the structural characte-

sulfuric acid hydrclysis of wcod has been previously attempted
ristics ¢f lignins resulting from wood hydrolysis with hydrcgen fluoride

under various conditions, ard compare them with the lignin resulting
from other acid hydrclysis processes.

The birch (Betula veruccsa L.) wood meal was extracted for 48 h
with benzene-ethancl (2:1, v/v), then dried at 60°C under vacuum to

censtant weight. In a typical experiment, ten grams of dried wced meal
vere placed in a pclyethylene flask immersed in liquid nitrogen, and
pre-cecied hydrcgen fluoride (40 mL) was poured into the flask which was
then closed. The temperature was allcwed to rise within a few min, to
the desired level (0°C or 23°C}, at which it was maintained for the
indicated period of time. The reaction flask was then cooled again in
liguid nitrogen, and cold diethy! ether (500 mL) was slowly added. The
insoluble fraction was separated by filtraticn and washed several times
with diethyl ether {3 x 50 mL). It was then suspended in water (400 mL},
stirred for 2 h, and finally centrifuged to separate the water-soluble
carbohydrate fraction from the insoluble Tignin residue. This step was
repeated twice. The combined agueous fractions, thus collected, were
neutralized with calcium <carbonate, and filtered, to obtain a
carbohydrate solution free of solids. The tectal veclume was reduced to
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about 100 mL by -evaporation wunder reduced pressure, and then
freeze-dried, as was also the lignin residue.

Carbohydrate analysis was carried out on the ccrresponding alditol
acetates. These were prepared as follows : The inscluble fractions (C.3
g samples) were treated ir a test tube with sulfuric acid (72 %, 3 mL}
for 1 h at 3C°C, with continucus stirring with a glass rod. The
resulting hydrolysates were diluted with water (84 mL), sealed in a
serum bottle and placed in an autoclave at 120°C for 1 h, then
eventually filtered. Aliqucts of the filtrate were used for the
determiraticr of the carbohydrate compcsition according to the methcd of
Borchardt and Piper,14 as well as for the determinaticn of the acid
soluble lignin. For the carbohydrate analysis of the water soluble
fractions, the initial hydrclysis step with 7¢ % sulfuric acid was
omitted. The column calibration constants were 0.99 and 1.04 for xylitol
pentaacetate and glucitol hexaacetate, respectively, and hydrolysis
survival factors of 0.912 for D-xylose and 0.975 for 2-glucose were
usedls. Percent yields for both Q-xylose and D-glucose are reported on a
weight basis of the original amount of sugars present in the wood.
Acid-soluble 1lignin was recorded on a Beckman model Acta [II
spectrophotometer assuming absorptivity of 110 L g'1 et 18 Atkaline
degradation of the HF-lignin samples was performed in a 12.5-mL Prolabo
(Paris) autoclave, by allowing the sample (0.5 g)to react with 2 N
sodium hydroxide (5 mL) at 170°. The suspension of the resulting lignin
degradation products was acidified with N hydrochloric acid to a pH of
about 2-3. The solids, separated by centrifugation, were washed three
times with small amounts of water (10 mL), and freeze-dried from aqueous
suspension., Alkaline depolymerisation, in the presence of anthraquinone
(AQ) as catalyst, was carried out under the same conditions, with
addition of AQ (0.1% of the weight of lignin). Since very small amounts
of catalyst were used, no attempt was made to remove the catalyst from
the 1lignin degradation products. Methylation with diazomethane was

117

performed as usua on a suspension of lignin in ether. In order to

ensure complete methylation, the process was repeated five times.

Reduction of lignin samples (200 mg) was carried by stirring them
with sodium borohydride (30 mg) in 0.1 N sodium hydroxide for 12 h. The
Tignin was precipitated by acidification to pH 2, and the insoluble part
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was then separated by centrifugation, washed three times with small
portions of distilled water to pH 4, dispersed in water, and freeze-
dried. Buffering was carried out by stirring lignin (5 mg) with sodium
hydrogencarbonate (0.05 N, 2 mL) for 12 h, centrifuging out the solids,
and freeze-drying them from water suspension. Mild alkaline hydrolysis
was carried out according to the procedure described by
Sarkanen et 31.18. Infrared spectra were recorded from lignin samples
(5 mg) on KBr disks, using a Perkin-Elmer model 598 spectrophctometer.
Alkaline nitrobenzene oxidation of lignin was carried out in
Prolabo (Paris) stainless steel autoclaves, as describedlg. The
quantitative determination of vanillin, syringaldehyde, and syringic
acid was performed using a Waters M 6000 high-pressure chromatograph
fitted with a UK 6 high-pressure injector and a C-18 Radialpack column
with acetonitrile--water (1:2, v/v} as eluent., The yields were
calculated as molar percentage, assuming the average C-9 unit molar
weight of lignin as 200, and using calibration factors of 0.4603 for
vanillin, G.7615 for syringaldehyde, and 0.6053 for syringic acid.

RESULTS AND DISCUSSION

Treatrient of birch wood-meal! with anhydrous hydrogen fluoride at
C°C for 60 min resulted in 75-80% yield of D-glucose and D-glucose
oligcsaccharides, and a 85% yield of D-xylose anc D-xylose cligosac-
charides, as estimated by sulfuric acid post-hygrclysis and conversion
into the corresponding alditol acetates. This cverall yield reached $0%
for both carbohydrate components after 180 min (Fig. 1A). At 23°C, such
cptimal yield was obtained after 30 min, and further exposure to the
reagent resulted in a lower yield of the extracted glucan, although
unexpectedly the amounts of xylan extracted appeared to remain unchanged
(Fig. 1B). Carbohydrate analysis of the corresponding lignin residue
showed that a small proportion of the carbohydrate part remained
associated, even after prolonged acidic treatment at bcth reaction
temperatures (Table 1). Use of an excess of HF did not increase the
amcunts of carbchydrates removed (Table 1). This implies that reasons
other than incomplete hydrolysis may be responsible for the portion of
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23. The formation of carbony! groups was

28,25 ith a

in an approximately equal ratio
also reported in lignin resulting from wood autchydrolysis
simultaneous increase in the carbonyl infrared absorption freguencies as
the autohydrolysis time was prolcnged. In order to investigate possible
changes of this kind in the molecular structure of lignin under the
influence of HF, infrared spectra of lignin samples’ were measured as a
function of the residence time of wood in HF. An evaluation of the
possible variations in the content of phenolic hydroxyl groups was
simultaneously undertaken in order to correlate these results.

The IR spectra of lignins that resulted from HF treatment of wood
under varying conditions of residence time and temperature (Figure 2) do
not show significant differences. In particular, no difference in the
intensity of the carbonyl absorption band at 173C cn:'1 was observed.
This can be considered as an indication that, at least in the range of
conditions studied, no significant formaticn of keto groups such as
would be expected in Hibbert-type processes occurs.

In order tc evaluate more precisely the nature of the absorption
band at 1730 cm‘l, the lignin sample with the lowest carbohydrate
content {30 min HF treatment at 23°C) was subjected to the reagents
illustrated in Figure 3. Treatment with a buffer solution of pH 7 showed
neither a change of the intensity, nor a shift in the position ¢f this
absorpticn band, suggesting the absence of any significant proporticn of
carboxyl groups in the sample. Moreover, mild alkaline hydrolysis
eliminated the 173C crn'1 absorption band, exposing a small shoulder at
1720 em”L.
were reduced with sodium berohydride under mild alkaline conditions. It
is therefore 1ikely that this carbonyl absorption band criginates mainly
from ester 1linkages present in wood, and to a lesser extent from
residual non conjugated carbonyl groups (residual small shoulder at 1720

Identical results were also obtained when the lignin residues

cm-l). Esters are known to be usually stable in anhydrous hydrogen

f]uoridezs.

The absence of any detectable cleavage of alkyl aryl ether linkages
in HF-tignin was further confirmed by diazomethane methylation of a
series of samples resulting from gradually prclonged exposure of wood to
HF, either at 0°C or 23°C. From previous resu?tszg an increase in the
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Figure 2.- Comparative infrared spectra (KBr) of 1lignin samples
resulting from the action of HF on birch wood according to time of
contact (min) and temperature.

methoxyl group content would be expected owing to the newly generated,
phenolic hydroxyl groups. This was in fact net observed to any
significant extent (Table 2), in agreement with the aforementionned
infrared studies. Because of the possibility that a time-correlated
variation of the phenolic hydroxyl-group content during the HF treatment
of wood may not have been observable because of a very fast alkyl aryl
ether cleavage in the early phase of the treatment, some alkaline
depolymerizations were attempted. Lignin is known to depolymerize in
alkali at high temperature, with cleavage of the aryl ether Tinkages
between phenylpropane units and the simultaneous formation of phenolic
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Figure 3.- Investigation of the nature of the I[R-carbonyl band in
HF-Tignin.

hydroxy! group527. The cleavage of a-aryl ether linkages is known to

27

occur relatively easily under certain conditions®’, when the cleavage of

g-aryl-ethers is better achieved in the presence of hydrosulfide ions27
or redox systems like anthraquinonezg. Both types of linkage are known
to be cleaved under the usual acidic solvolytic condition521’23.
Alkaline treatments were performed with lignin preparations low in
residual carbohydrate, i.e. samples obtained from meal wood treated with
HF for 30 min at 23°C, in order to minimize any side effect which might

be due tc that component. In a first series of experiments, 2 N sodium
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Table 2. Estimation of the increase in phenalic hydroxyl group content
of birch wood lignin samples isolated after various hydrolysis times at
23° and C°C in HF as determined by subsequent diazomethare

etherification.

Reaction time Methoxyl group Methoxyl content Increase in methoxyl
with HF (Min) Content (after diazomethane Content
methylation)

Lignin extracted at 23°C

10 22.6 30.6 8.1
20 20.7 3C.3 9.6
30 18.9 28.6 9.7
60 19.2 28.5 9.3
120 20.0 31.3 11.3
Lignin extracted at G°C
60 20.2 29.2 5.7
120 19.7 29.5 9.8
180 20.0 29.6 8.6
300 20.1 29.8 9.7

hydroxide was used, at 170°C and with increasing reaction times. In two
further experiments, anthraquinone was added (Table 3). The formation of
new phenolic hydroxyl groups was followed by the increase in methoxy!
content after treatment with diazomethane. The action of base alone
resulted in a small 1increase in methoxyl content, signifying the
formation of small amounts of new phenolic hydroxyl groups, in direct
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Table 3. Estimation of the increase in phenolic hydroxyl group content
of HF-birch wood ligrin after respective alkaline and alkaline-
anthraquinone treatments.

Reaction time {min) Methoxyl content after
diazomethane methylaticn

in 2 N NaGH at 170°C

0 28.6
10 32.0
20 32.5
3¢ 33.0
60 33.3

1z2C 33.9

€0 38.3

proportion with the length of the base treatment. This small increase
has probably to be related to hydrolysis of ester groups as well as to
hydrolysis of a-0-4 alkyl aryl ether linkages, the former being
perceptible in the net methoxyl increase within the first 10 min of
alkaline treatment. Alkaline depolymerization with anthraguinone
catalysis led to an even greater methoxyl group incorporation and,
therefore, liberation of additional phenclic groups (Table 3), in
agreement with a probable additicnal cleavage of 8-0-4 alkyl aryl ether
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linkages. These results are thus in further support of the hypothesis
that o- and g-alkyl aryl ether lirkages shculd still be present in
HF-lignins, at least for the range of reaction conditions studied.

Condensation of lignin is known tc occur under the usual conditions
of acido]ysiszg, and this structural change is reflected, among other
things, 1in the time-dependent decrease in the yield, of aromatic
aldehydes obtainable by alkaline nitrobenzene oxidation . A similar
reactivity is noticeable for lignin resulting from HF wood extraction.
The data in Table 4 show an important decrease in the yield of vanillin
and syringaldehyde that is obviously related to the time of contact with
HF and temperature used in the experiment. A slow decrease in the moiar
ratio of syringaldehyde to vanillin is also noticed as the reaction time
increases. In order to optain a general estimate of the extent of
cendensation of lignin in HF, a compariscn was attempted with birch wood
1ignin samples derived from acidolysis with other mineral acids, namely
sulfuric and hydrochloric acids. As regards the HF-Tignin samples, they
were obtained under the conditions of extraction (30 min at 23°C)
required for optimum recovery of carbohydrates. For dilute sulfuric
acid, prehydrolysis was carried out with 0.5% acid at 14C°C for 1 h
followed by hydrolysis at 180°C for 2 h30_ The hydrochloric acid-treated
sample was isolated after prehydrolysis of birch wood-meal with 30%
acid, followed by hydrolysis with 43% acid at 50°C for 2 hal. The
respective residual carbohydrate contents were 5.2 and 8.4%.

Comparative, alkaline nitrobenzene oxidation of these acidolysis
lignin samples, and determination of total aldehydes produced shows
(Table 5) that HCI1-Tignin gave the highest yield. The yields from HF and
H2304-1ignins were lower, but comparable tu each other. Although it is
understood that lignin may suffer different structural changes upon
different acid treatments, which may account for variations in the yield
of aromatic aldehydes upon nitrobenzene oxidation, this result may
indicate that HF-lignin has suffered extensive condensation, correlated
with the residence time of wood in HF. Such reactivity may be related to
the known propensity of hydrogen fluoride to stabilize carbonium ions32,
species which are known to account for lignin as well as the previously

29

discussed lignin carbohydratez’ condensaticn reactions. [t correlates

with the known reactivity of lignin in hydrochloric acid where the
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Table 4. Effect of time and temperature of exposure to HF on the yields
of vanillin and syringaldehyde derivable from birch wood lignin after HF
extraction and alkaline nitrobenzene oxidation.

Time {min) Vanillin  Syringaldehyde Total aldehydes SYR/VAN
{Mole %) (Mole %) (Mole %)

Lignin extracted at 23°C

0 20.3 22.3 42.6 1.1
10 14.3 14.3 28.6 1.0
20 12.0 12.0 24.0 1.0
30 10.4 9.4 19.8 0.9
60 8.7 6.9 15.6 0.8

120 7.2 5.7 12.9 0.8

Lignin extracted at 0°C

0 20.3 22.3 42.6 1.1
60 12.3 12.3 24.6 1.0
120 9.0 10.0 19.0 0.9
180 8.9 7.1 16.0 0.8
300 6.8 5.4 12.2 0.8

extent of condensation is known to be lower as compared to sulfuric acid

so]volysis29

, in agreement with such concepts, although this must be
tempered by relative conditions including hydronium ion concentration.
The enhanced reactivity of dialkoxy=-aryl residues of lignin in HF, as
experienced from the comparative decrease in the molar ratio of
syringaldehyde to vanillin after nitrobenzene oxidation of lignin
resulting from increased time of contact with HF is a further point in

support of this hypothesis.
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Table 5. Comparative yields in aromatic aldehydes and syringic acid
resulting from alkaline nitrcbenzene oxidation of various acidolysis
lignins.

Vanillin  Syringaldehyde Total Syringic
(Mole %) (Mole %) aldehydes  SYR/VAN acid
(Mole %) (Mole %)
Total birch  20.3 22.3 42.6 1.1 0
Wood
HF-1ignin 10.4 9.4 19.8 0.9 ~8
HC1-1ignin 9.1 16.4 25.5 1.8 0.5
H2504-1ignin 8.4 10.9 19.3 1.3 1.5

In the prehydrolysate and hydrolysate of both hydrochloric and
sulfuric acid treatment of wood, an important proportion of the original
wood lignin, amcunting to 15 and 10% respectively, was detected (Table
5). Treatment with HF yielded no acid soluble lignin. This result, too,
may be associated with the previocusly discussed condensation scheme, as
well as the low extent of hydrolysis of aryl ether and ester bends. Of
further {interest in this connection is the syringaldehyde/vanillin ratio
obtained after nitrobenzene oxidation of Tlignins originating from
different acidolysis methods, and the proportion of syringic acid
simultaneously produced. The HF-lignin is seen (Table 5) to yield
cersiderable proportions (7-8%) of this acid, whereas very small amounts
of it arose from the HCl- and H2504-Iignins.
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