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SUMMARY
oAspenwood steamed at 240 C for 30, 60 and 90 seconds was 

extracted with water and then with dilute alkali or acetone to 
remove the lignin. The yields of lignin recovered from the 
alkali solution by precipitation with acid increased with 
increasing length of steaming up to 74.3% of the original lignin. 
With the acetone extraction the yields increased similarly up to 
81.3%. The acetone, however, extracted more carbohydrate 
degradation products which contaminated the lignin.

A lignin isolated after enzymatic hydrolysis of a steamed aspen 
sample still contained about 15% carbohydrate.

Acid-impregnated aspen was steamed for 20, 30 and 40 seconds at
220°C. The yields of isolated lignin were lower than when 
steaming untreated aspen but the high methoxyls indicated the 
presence of very little, if any, pseudolignin. A possible higher 
concentration of syringyl lignin was indicated in these samples.
Steaming of sulphur dioxide-impregnated aspen yielded more lignin 
than the sulphuric acid—treated wood and less lignin condensation 
was indicated.

The higher carbon and lower hydrogen and oxygen contents of the 
isolated lignins as well as the low yields of vanillin and 
syringaldéhyde from nitrobenzene oxidation of some of the samples 
indicated considerable lignin condensation in the samples steamed 
for longer times.

The number average molecular weights of the isolated lignins were 
low, ranging from 611 to 881. However, fractionation of the 
alkali-extracted lignins yielded higher-molecular-weight lignins 
in acetone-insoluble fractions.

Spruce wood required longer steaming treatments at 240°C. The 
maximum yield of isolated lignin, after a 120-second treamtent 
was only 51.9% of the original lignin. When steaming acid- 
impregnated spruce at 220°C the lignin yields were very low.
With higher temperatures yields were better but considerable 
amounts of pseudolignin were produced. From sulphur dioxide- 
impregnated spruce steamed at 220°C and 240°C yields of isolated 
lignin were better than from wood impregnated with sulphuric acid 
and the amounts of pseudolignin present were greatly reduced.
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OBJECTIVES

1. To isolate lignin from hardwoods and softwoods which had 
been treated for various times at various temperatures with 
high pressure steam (steam explosion), hot gasses under high 
pressure, and with or without acidic catalysts.

2. To isolate lignins from various woods which had been 
enzymatically hydrolyzed after various pretreatments.

3. To analyze the lignin fractions obtained by alkali or 
organic solvent extractions of the treated wood and thus 
determine what carbohydrate or pseudolignin impurities may 
be present in the samples from the various woods.

4. To characterize samples of "pure" lignin obtained by 
determining molecular weights functional groups, and 
physical properties.

5. To make derivatives (esters, ethers) of the lignin samples 
which after being characterized, appeared to be most 
suitable for this purpose, and to note their physical 
properties which might make them useful as foams, plastics, 
adhesives or surfactants and dispersants.

6. To determine the possibility of using the isolated lignins - 
pure or impure - or the various derivatives, as wood 
adhesives by themselves or as extenders with phenol- 
formaldehyde resins.

INTRODUCTION

For production of liquid fuels from wood by biochemicals means it 
is first necessary to convert the carbohydrate in the wood to 
sugars. These sugars can then be fermented to the various 
alcohols which can be used for fuels. The conversion of the wood 
carbohydrates (cellulose and hemicelluloses) to sugars is called 
hydrolysis. This hydrolysis may be carried out by using acid or 
by enzymatic action. Acid hydrolysis is a well-known process and 
has been used to some extent on an industrial scale for more than 
80 years. However either the yields are poor (when using dilute 
acid) or the method is costly and difficult (when using 
concentrated acid). Although with continuing research some of 
these problems are being minimized, enzymatic hydrolysis has been 
gaining interest because of the high yields which can be attained 
under certain conditions. Enzymatic hydrolysis of the 
carbohydrates of untreated wood is very slow, inefficient and 
completely impractical. However with certain pretreatments of 
the wood the process is greatly accelerated and becomes quite 
practical and could be commercially feasible.

There are two main factors which hinder hydrolysis of the 
cellulose in wood - the crystalline structure of the cellulose 
and the presence of lignin. Crystallinity is the main factor
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inhibiting acid hydrolysis since it is difficult for the acid to 
penetrate within the crystallites. However for enzyme hydrolysis 
the more important factor is the presence of the lignin which 
appears to protect the carbohydrate portion - the cellulose and 
hemicelluloses - from the action of the enzymes. Removal of the 
lignin or even a disruption of the lignin-carbohydrate bonding 
greatly increases the ability of the enzymes to carry on the 
hydrolysis. Although crystallinity of the cellulose remains a 
factor to slow down hydrolysis, the enzymes appear to be able to 
work away at the cellulose from the outside of the crystallites 
and break them down fairly easily. Once the lignin carbohydrate 
bond is broken the enzymes can very readily attack the non
crystalline hemicelluloses and the amorphous non-crystalline 
cellulose portions.

Since the removal of lignin by the classical pulping methods is 
completely uneconomical for this purpose a less costly 
pretreatment, for at least breaking the lignin-carbohydrate 
bonding, is necessary. A pretreatment which does greatly improve 
the enzyme susceptibility of aspenwood by breaking the lignin- 
carbohydrate bonding is the steam explosion technique (Saddler et 
51 1982, Brownell and Saddler, 1984). The steamed product is 
readily attacked by the enzymes leaving the residual lignin after 
the carbohydrate portion has been hydrolyzed to soluble sugars. 
The lignin may also be obtained by extracting it before the 
enzymatic hydrolysis. After the steaming treatment the lignin is 
broken down sufficiently to be soluble in various solvents or 
solutions.

If the preparation of liquid fuels from wood is to be 
commercially feasible it is also necessary to use the lignin by
product in some commercial process. The more valuable the lignin 
becomes, the more economical the production of the liquid fuel 
would become. Since isolation of the lignin after the steaming 
treatment should present no serious problem it is important to 
determine how it may be used once isolated.

At present a considerable amount of lignin is available from pulp 
mills - primarily from the sulphite and kraft pulping processes. 
These lignins have certain properties which may be quite 
different from the properties of the lignins obtained after 
steaming of wood or after enzymatic hydrolysis of steamed wood.
It is these differences which might be important to determine how 
the lignins could be used. Since the lignin comprises about 20% 
of hardwoods such as aspen and about 27% of a softwood such as 
spruce, a considerable amount would be available if wood were to 
be used for liquid fuel production.

Lignin in wood is essentially a three-dimensional polymer 
composed largely of phenyl propane units linked by carbon-carbon 
and ether bonds. The aromatic rings are also substituted with 
methoxy and hydroxy groups. In softwoods the aromatic rings have 
only one methoxyl whereas in hardwoods some of the aromatic rings 
also contain two methoxyl groups. In hardwoods a small part of 
the lignin is attached to the rest of the lignin by ester bonds.
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These ester bonds would be easily hydrolyzed by steaming 
treatments. There may be other differences in the lignins of 
softwoods and hardwoods which will account for their differences 
in behaviour during various treatments.

At no time is it possible to obtain a lignin which is unchanged 
from the lignin in the wood. Certain lignins obtained in the 
laboratory - milled wood lignin and Braun's native lignin - are 
considered to be as close as possible to the original but even 
these are not representative of the whole lignin originally in 
the wood. The commercial lignins are definitely greatly changed. 
Lignins from the sulphite pulping process are obtained as water- 
soluble sulphonates and are usually considered to be highly 
condensed due to the long high temperature treatment under acidic 
conditions. The lignins from the alkaline kraft pulping process 
are considered to be oxidized and also contain a certain amount 
of sulphur. As well as loss of hydrogen and oxygen some of the 
methoxyl groups of the lignin are also lost during the pulping 
process. Lignins which could be obtained from wood after a 
steaming treatment would, of course, contain no sulphur and have 
many other characteristics different from the lignins from pulp 
mills. The short treatment at high temperature should cause less 
change than the long treatments used in pulping.

Most of the lignin from the Kraft pulp mills is burned to provide 
power and to recover the valuable chemicals required for the 
process. For this reason relatively little of this lignin may be 
available for other purposes. The lignin from sulphite pulp 
mills, however, is not used as readily for fuel and is thus 
largely available for other uses. It is obtained as a lignin 
sulphonate and is used in this form. Many of the uses suggested 
rely on the physical properties (size and shape) of the 
particles. These uses include acting as a filler and rubber to 
replace carbon black and as an extender in asphalt (Glasser,
1980, Sundstrom and Klei, 1982 and Read, 1970). In both cases the 
water solubility of the lignin sulphonates presents problems and 
a product such as the biomass lignin which is water insoluble 
might serve the purpose better. It has also been used in cement 
to control setting time (Glasser, 1980). For use in adhesives 
the lignin may act in many ways depending on its properties and 
how it is applied in the adhesive (Muller and Glasser, 1983). In 
some cases it may merely be a filler but in most cases it 
actually reacts to form or improve the adhesive. Heating with 
acid would cause further condensation of the lignin to produce a 
good adhesive and lignin sulphonates have been used in this way 
(Shen and Fung, 1979). Lignins have also been reacted with 
formaldehyde to improve phenol-formaldehyde adhesives (Coughlin 
et al 1984). In this case the lignin should have a narrow 
molecular weight range, not be highly condensed and have a 
relatively high number of free phenolic hydroxyl groups 
available.

A high volume use for lignin sulphonates would be as a dispersant 
or surfactant. For this purpose it can be used for dyes, inks 
and for tertiary oil recovery. The latter especially could be a
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very high volume use. At present lignin sulphonates as received 
from pulp mills are being used to some extent (Bansal et al 1979, 
Babu et al 1984). It might be possible to produce better 
products of this nature by sulphonating a specific lignin of a 
certain molecular weight range to a specific degree of 
sulphonation. In other words a "tailor-made" lignin sulphonate 
might be better suited for the purpose. A highly reactive lignin 
with a large number of free hydroxyls would be best suited for 
this purpose.

Drilling muds for the oil industry is another large possible 
outlet for lignin sulfonates (Markham and Blackmore, 1971 and 
Kalfoglou, 1979) • Chromium lignin sulfonates or certain other 
metal lignin sulfonates may be used for cooling, lubricating 
removing cuttings, and prevention of caving and deposition of an 
impermeable cake on the walls of the hole. Again it might be 
possible to produce a "tailor-made" product from an isolated 
lignin of a certain molecular weight and reactivity rather than 
using a product from a pulp mill.

A fertilizer which would slowly release its nutrient value to the 
soil as it is being bio-degraded can also be produced from 
lignin. This would be produced by a high temperature reaction 
with ammonia. In this case the lignin should not be water-soluble 
to avoid being washed away before the nitrogen is released to the 
soil. Slow-release pesticides and herbicides could also be 
produced with lignin. Since the bio-active agents are acidic and 
would form esters with the lignin the latter should have a 
considerable amount of free hydroxyls to be a good material for 
this purpose.

Another possible high volume usage for lignin is to produce 
valuable low molecular-weight chemicals (Coughlin, et al, 1984). 
Vanillin and syringaldéhyde which can be readily produced from 
lignin are not required in great volume. However various phenols 
and other aromatic products obtainable by hydrogenation, if they 
could be obtained in good yields, could command high prices in a 
large market. Since biomass lignin would contain no sulphur, 
which is poisonous to many catalysts which are required in the 
hydrogenating process, it might be a better product than other 
lignins for this purpose.

Considerable work is now being done on investigating the 
possibility of using lignins for preparation of resins and 
plastics ( Glass er et a_l 1984, Saraf and Glasser, 1984, Rials and 
Glasser, 1984 and Muller e_t a_l 1984). Hydroxyalkyl lignins, 
polyurethanes and phenolic resins with formaldehyde were prepared 
from various lignins including one sample of steam exploded 
lignin from Iotech Corp. Most of the lignins gave similar 
products.

Various other uses such as for inhibiting corrosion in boilers, 
animal feed binders, medicinal preparations, rumen fluid 
absorption etc. are mentioned in the various reviews already 
given as well as in a recent comprehensive paper on lignin
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utilization (Lin, 1983).

Some work has been done on the chemistry of steam-exploded wood, 
but much more is required. Marchessault et_ al (1982) studied the 
infrared and nmr spectra and elemental analyses of some steam- 
exploded aspen lignin supplied by Iotech Corp. They noted 
certain differences in lignins from samples obtained from wood 
steamed at different temperatures. A considerable amount of work 
has also been done on the structure of steam-exploded Pinus 
radiata (Hemmingson, 1983) as determined by various spectroscopic 
studies and other methods.

Very little else has been done on studying the properties of 
steamed-wood lignins. In order to have a better understanding as 
to how these lignins, obtained from various treatments, may be 
used it is important to learn more about their chemical and 
physical properties.

STAFF
N. Levitin 

H. Normand

Research Scientist 
Biotechnology Department

Technician
Biotechnology Department

MATERIALS & METHODS
Steaming Pretreatments

In all this work a 2-litre digester was used for steaming the 
wood samples. This digester consisted of a vertical stainless 
steel pipe 630 mm long with an internal diameter of 6.3 mm. The 
Kamyr ball valve at the bottom of this pipe also had a 6.3 mm 
opening. The top of the digester was closed with a Parr bomb lid 
in which a thermocouple and pressure gauge were inserted to 
record the temperature and pressure of the treatment. The 
digester was capable of withstanding pressures higher than 600 
psi and temperatures in excess of 240°C. The whole apparatus was 
well insulated to allow minimum heat loss. The ball valve could 
be rapidly opened or closed by a pneumatically operated 
actuator. The stainless steel cyclone into which the steamed 
material was expelled had an internal volume of 50 litres. The 
boiler which provided the saturated steam was capable of 
supplying 500 psi of steam but the pressure could be regulated to 
provide the desired temperature.

The wood used in this work, aspen (Populus tremuloides) or white 
spruce (Picea glauca ), was cut into wafers 0.5 to 0.75 mm thick 
and about 6 cm long using a Hawker Siddeley Chip-N-Saw Can-Car 
Waferizer. About 200 gm of dry wood could be used to fill the 
digester.
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Most of the wood was stored as air-dry material so that when wet 
wood was used the dry wood was impregnated with water. A weighed 
amount of wafers was evacuated in a suction flask and sufficient 
water drawn in to cover the wood. The flask was evacuated again 
and the wood allowed to soak in the water. Air was let into the 
flask and then it was re-evacuated. This was done several times 
until all the wood had sunk in the water. The wood was then 
blotted with paper towelling to remove excess surface water and 
weighed to determine the weight of water taken up by the wood.
In cases where the wood was impregnated with acid the same 
procedure was used, using sulphuric acid solutions of the 
concentration desired (usually 0.2% acid) instead of water.

In cases where wood impregnated with sulfur dioxide was to be 
used, the weighed water-impregnated wafers were put into a 
polyethylene bag and the outlet from an S02 cylinder tied into 
the bag. The sulfur dioxide was added to the wet wood until the 
desired weighed amount of SC>2 was obtained. The plastic bag was 
then tightly tied and within about 30 minutes added quickly to 
the digester, the lid rapidly put on, and the material steamed 
for the required time. In all cases when using the digester it 
was preheated to the desired temperature by repeatedly filling 
and firing with steam only before the digester was opened to 
receive the charge of wood. This was done as quickly as 
possible, the digester closed rapidly (usually 15 seconds) and 
the required steam immediately introduced. The desired 
temperature, obtained by the steam pressure set at the boiler, 
was reached within about 6 seconds.
Water and Alkali Extractions

The steamed wood was in all cases extracted with water at 40°C 
using about 5% consistency. It was well stirred for 2 hours and 
then filtered through a coarse sintered glass funnel and washed 
with water until no further color was removed (usually 5 litres 
of water when using 200 gm of wood)• In some cases where the 
steamed wood was completely defibered it was necessary to 
centrifuge rather than filter. In these cases the fine material 
obtained clogged the filter very rapidly making further 
filtration and washing impossible.

The water-extracted material was then stirred with 0.4% sodium 
hydroxide solution at room temperature for 2 hours and the 
resulting product either filtered or centrifuged to remove the 
solid residue. The residue was washed several times to remove 
the alkali and the material soluble in the alkaline solution. In 
this case about 3 litres of water was used for washing.

Isolation of Lignin from the Alkaline Solutions

The alkaline solution was acidified to pH 2.5 with 50% sulphuric 
acid solution and the resulting precipitate allowed to settle 
overnight. The clear solution was then drawn off and the 
remaining solid isolated by centrifuging. The solid was 
repeatedly washed by centrifuging with water until the
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supernatant solution reached pH 3.5. If further washing was done 
the supernatant became cloudy and a considerable amount of the 
precipitated lignin was lost as colloidal suspension. If this 
did occur acidification back to pH 2.5 caused the lignin to 
reprecipitate as a recoverable material. The precipitated, 
washed lignin was air-dried or oven-driéd under vacuum at 50°C .
Isolation of Lignin by Solvent Extraction

In some cases the lignin was extracted from the water-extracted 
steamed wood with acetone. The steamed wood was not dried and 
the resulting wet acetone was an excellent solvent for the 
lignin. The acetone was removed by evaporation on a Buchi 
evaporator. In some cases when 95% alcohol was used to isolate 
the lignin the water-extracted steamed wood was air-dried before 
the extraction.

Analyses of Isolated Lignins

Klason lignin determinations were conducted according to Tappi 
Standard method T222. Soluble lignins were determined as 
described in Useful Method 250 of the Tappi Standards but using 
212.5 nm.

Methoxyl contents of the lignins were determined using a 
modification of the Tappi Standard method T2M-43. By this method 
the boiling hydriodic acid decomposes the methoxylated sample 
producing an equivalent amount of methyl iodide. Any excess 
hydrogen iodide is removed by traps or scrubbers and the methyl 
iodide is absorbed in a trap of potassium acetate in acetic acid 
containing bromine. The iodic acid formed is determined by 
titrating the iodine liberated by the action of the iodic acid on 
added potassium iodide. The apparatus used is a modified version 
of the standard one shown in the Tappi Standards.

The total hydroxyl contents of the lignins were determined by 
acetylation using acetic anhydride in pyridine as described by 
Redinger and Lindehayn (1964). The amount of reagent consumed 
(determined by titration) permitted calculation of the amount of 
hydroxyl groups present. This method appeared simple and rapid, 
but it had several inherent problems.

The method required quantitative acetylation and under the normal 
conditions (acetylation at 50°C for 24 h) tertiary hydroxyl 
groups are not determined, while hydroxyl groups in benzyl 
alcohol residues and in 2 ,4,6-trisubstituted phenols only 
partially. Some strongly acidic phenolic groups can give values 
which are too low because of the low stability of their 
acetylation products.

The micro-method was subject to several large systematic errors, 
the worst being the use of the titration difference between the 
blank and sample titres. This could be improved by using a 
larger sample (15-30 mg) which will increase this titre 
^iffsrsnce, and also have the advantage of minimizing sample
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weighing errors, improving the overall accuracy.

The method was subject to mechanical losses. When the samples 
were run in stoppered flasks on occasions evaporation losses 
occurred. This could be avoided by using sealed tubes.

After hydrolysis the filtration step caused problems. When the 
sample was filtered using a medium filter, the filtration was 
slow and much vacuum was required and evaporation of acetic acid 
may have occurred. This would lead to a low sample titre and a 
high hydroxyl value. However when a coarser filter was employed 
fine particles passed into the filtrate causing a yellow 
coloration which made the end point difficult to determine 
leading to a high titre and correspondingly lower hydroxyl value.

There was not sufficient time in this work to improve on the 
method. Some of the results were verified by calculating the 
hydroxyls from the acetyl content of isolated acetylated lign 
The results reported were, in some cases, averages of the two 
methods. Other methods for hydroxyl determination should be 
investigated for future use.

in.

The phenolic hydroxyls were determined from the increase in 
methoxyl content after méthylation with diazomethane, which will 
not methylate aliphatic hydroxyls.

To determine the degree of condensation of the lignins the 
amounts of vanillin and syringaldéhyde produced by nitrobenzene 
oxidations were determined. If the lignin is highly condensed 
very little of these aldehydes is produced as compared to the 
amount which can be obtained by a similar treatment on the lignin 
originally in the untreated wood. The nitrobenzene oxidation was 
carried out as described by Pepper et_ a_l (1962) and Chua and 
Wayraan, (1979) but using 0.02 gm of sample with 0.9 cc of 
nitrobenzne in 1.5 cc of 2N NaOH at 180°C for 2 hours. A 
continuous ether extraction of the resulting alkaline solution 
for 12 hours was used to remove excess nitrobenzene. The 
solution was then acidified and ether-extracted for 8 hours to 
remove the aldehydes. The ether was dried over anhydrous sodium 
sulphate and evaporated from the sample. The dried sample was 
redissolved in dry methylene chloride and the aldehydes 
determined by gas chromatography using a packed column of 15% 
Apiezon N on fluoropak as described by Pepper et_ al (1962). 
Further nitrobenzene oxidations are being carried out and the 
products quantitatively analyzed on a capillary column of 
Supelcowax 10, which is similar to Carbowax PEG 20M. The results 
on the capillary column should be even more accurate.

Molecular weights of the lignin samples were determined using a 
Wescor Vapor Pressure Osmometer. By this method the total 
concentration of dissolved particles in solution is determined. 
The vapor pressure of a solvent will change due to the number of 
particles in solution. Thus the molecular weight determined by 
this method is a number averaging method. The instrument was 
primarily to be used with aqueous solutions and all the
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information available for its use dealt with aqueous solutions. 
However the manufacturer assured us that it could also be used 
with non-aqueous solutions. Although some of the lignin samples 
were soluble in acetone or alcohol the solvent which was able to 
dissolve all the lignin fractions was pyridine. In all the work 
done here pyridine was the solvent used. Benzil was used as a 
standard and to establish a calibration curve.

RESULTS AND DISCUSSION
Effect of Steaming on Wood Fibers

When dry aspen was steamed for 30 seconds at 240°C the resulting 
product remained highly fibrous. As longer times were used the 
fibers were reduced in size and number. After a 90-second 
treatment very few fibers were left and longer treatments yielded 
a product with the consistency of a porridge. With spruce much 
longer treatments were required to produce a defibered product; 
even after 180 seconds some fibrous material was still present. 
When acid-impregnated aspen was used no fibers were evident even 
after a 40-second treatment at 220°C but again with spruce long 
treatments were necessary - even the 90'second treatment at 240  ̂
did not completely defiber the wood. On the other hand when 
steamed for 90 seconds at 240°C in the presence of sulphur 
dioxide the spruce was completely defibered. The use of wet or 
dry wood did not have any important impact on whether or not the 
wood was defibered although the dry wood seemed to be defibered a 
little more easily. If larger wood particles were used the wet 
wood might hinder the penetration of the steam into the pores of 
the wood and thus be responsible for less treatment within a 
specified time as compared to dry wood. However when using the 
thin wafers there should be much less possibility of pores being 
blocked by the water - the steam should still be able to treat 
most of the wood equally. This would explain the very little 
difference in appearance of the steamed products when using wet 
or dry wood wafers.

Water Extraction of Steamed Wood

The water extraction of steamed wood before removal of the lignin 
was required in order to remove the hydrolyzed hemicelluloses. 
Since they would also be alkali soluble they would contaminate 
the isolated lignins if not removed beforehand. However some of 
the lignin was also found to be water-soluble (Table 1). The 
actual lignin contents of the water-solubles of the 30-, 60- and 
90-second samples were 17.4%, 16.5% and 12.3% respectively.
These values represented 13.8%, 12.8% and 9.4% of the original 
lignin in the wood. The drop in lignin content of the water- 
solubles with longer time may represent re-condensation of the 
lignin to water insoluble material in the longer—treated samples. 
However these differences were not large enough to be highly 
significant. It did, however, indicate that about 10% or 
slightly more of the original lignin was lost as water-solubles 
in these treatments.

9

0 
<t>



Table 1

Lignin in Water Solubles (WS) of Steamed Aspen

Steaming Conditions Yield of 
WS

(% of wood)

Lignin in 
WS 
(%)

Lignin in 
WS

(% of wood)
% of
Orig. Lignin* 
in WS

30 sec/240°C 18.4 17.4 3.2 13.8
60 sec/240°C 18.0 16.5 3.0 12.8
90 sec/240°C 17.7 12.3 2.2 9.4

* Klason lignin (including soluble lignin) of aspenwood = 23.2%



Lignins of Steamed Aspen Extracted with Alkali

The amount of lignin recovered from the acid precipitation of 
alkali extracted steamed aspen increased with longer treatments 
from 30 to 90 seconds at 240°C (Table 2). This would most likely 
be due to the fact that with the shorter treatment the amount of 
hydrolysis was much less. Thus a considerable amount of the 
lignin in the wood would still be high-molecular-weight material 
and attached to the carbohydrate so that it would be insoluble in 
the alkali. The Klason lignin values of the isolated lignins also 
increased with longer treatments. This may have been due to the 
presence of some hemicelluloses which with the short treatments 
did not become water-soluble but were soluble in the alkali.
With longer treatments they would become water-soluble and would 
be removed before the alkali extraction. On the other hand the 
high Klason lignin value of the isolated lignin from the 90- 
second treatment may have been due to the presence of some 
pseudolignin produced by degradation of some of the 
hemicelluloses. The slightly lower methoxyl of this fraction may 
also have been due to contamination of the lignin by the 
pseudolignin. The higher methoxyl of the lignin from the 30- 
second treatment which supposedly still contained some 
hemicelluloses, may have been due to the presence of lignin 
fractions with higher methoxyl than the whole lignin - i.e. more 
syringyl lignin. When only a fraction of the whole lignin was 
isolated it certainly was a possibility that more or less of the 
syringyl or guaiacyl lignin may have been isolated.

The total hydroxyl content of the alkali-extracted lignins did 
not vary significantly with changing steaming conditions and the 
phenolic hydroxyl content did not seem to follow any definite 
pattern. However since the phenolic hydroxyl content of the 
lignins is an important factor in determining their value for 
various commercial usages it will be important to do more 
analyses on various samples. It will be necessary to determine 
if certain treatments will yield lignins with either higher or 
lower phenolic hydroxyl contents.

Lignins of Steamed Aspen Extracted with Acetone

When the lignin was extracted with acetone rather than alkali the 
wet water-extracted steamed wood was used so that there was still 
considerable water with the acetone. The wet acetone proved to 
be a very good lignin solvent giving better yields than from the 
alkali extraction (Table 2). However the acetone also extracted 
a resinous material which was removed by ether extraction. This 
material had a very low methoxyl content and was obviously not a 
lignin fraction. It might have been a carbohydrate degradation 
product which was not removed by alkali and precipitated by 
acid? the alkali-extracted lignins did not contain any ether 
solubles. Except for the lignin from the 30-second sample the 
analyzed lignins for these samples were lower than for the 
equivalent alkali extracted lignins. Thus, there was still some 
extraneous, acetone-soluble material present in these samples
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Table 2

Analyses of Lignins Isolated from Steam Aspenwood

Steaming Conditions Yield 
(% of 
wood)

Klason &
Soluble
Lignins

(%)

% of
Original 
Lignin in 
Isolated 
Lignin

Methoxyl

(%)

Total
Hydroxyl

(%)

Phenolic
Hydroxyl

(%)
30 sec/240°C 7.6 87.7 28.7 19.8 11.2 3.5
60 sec/240°C 14.5 93.3 58.3 19.3 11.3 3.3
90 sec/240°C 18.0 95.7 74.3 i8.6 11.5 3.9
30 sec/240°C 
(acetone extd.)

11.4
10.1*

89.0 38.7 19.3

60 sec/240°C 
(acetone extd.)

17.3
16.3*

90.6 63.7 17.6

90 sec/240°C 
(acetone extd.)

21.4
20.5*

92.0 81.3 17.2

Enzymatic lignin 84.5 15.1

* Yields after ether extraction. Analyses were done on ether-extracted material.



which did not appear in the equivalent alkali-soluble and acid- 
precipitated lignins.

The low methoxyls of the acetone-extracted lignins from the 60- 
and 90-second treatments would also be due to the presence of 
extraneous products, but it is also possible that it might be 
Pa^tially due to the presence of a larger concentration of 
guaiacyl lignin in these fractions.

The higher recovery of lignin (up to 81.3%), even when taking 
into account the lower analyzed lignin content, could be due to a 
better recovery of low-molecular-weight lignin (or even some 
pseudolignin) which would not be precipitated by the acid from 
the alkaline solutions.

Enzymatic Lignin

A lignin was isolated after enzymatic hydrolysis of a sample which 
had been steamed for 180 seconds at 240°C and then water- 
extracted. The steamed wood was hydrolyzed for one week with 
Trichoderma harzianum E58 culture filtrate cellulases. The 
remaining solid material was well washed to remove any remaining 
enzyme and yeast. The resulting insoluble lignin was collected 
for analysis. The sample obviously still contained insoluble 
carbohydrate since the Klason and soluble lignin content was 
84.5% (Table 2). The low methoxyl value also indicated some 
contamination of the lignin. At present no further work has been 
done on any other lignin collected after enzymatic hydrolysis.
In future work attempts will be made to utilize the carbohydrate 
more efficiently and thus yield a purer lignin.

Lignin Extractions from Acid-Impregnated Steamed Aspen

With acid-impregnated aspen milder conditions were required to 
prevent excessive degradation. Even at 220°C for 40 seconds the 
wood was completely defibered and collected in the cyclone as a 
porridge-like material. Using 20 seconds at 220°C the material 
was not as highly broken up. The yield of alkali-extracted 
material, however, was essentially the same from both the 20- 
second and 40-second treatments (Table 3). These yields were 
quite low due, very likely, to the fact that in the presence of 
acid some of the hydrolyzed lignin may have condensed again to 
insoluble material. The other possibility was that the lignin 
was not hydrolyzed to alkali soluble material during the short 
steaming period at 220°C. However, this appeared unlikely since 
pentosan analyses of the samples had indicated that the steaming 
conditions had caused sufficient carbohydrate degradation to have 
produced lower-molecular-weight lignins which should be alkali 
soluble. Also no increase in lignin yield when increasing 
steaming time from 20 to 40 seconds indicated that even longer 
treatments would not have increased the lignin yield.

As with untreated aspen, the water solubles of the steamed acid- 
impregnated aspen contain some lignin also. The amounts were not 
high — 8.3% and 9.3% of the original lignin in the water-solubles
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of the 20- and 40-second treatments respectively. Thus a large 
portion (over 45%) of the original lignin remained in the 
insoluble residue. This indicated that a large portion of the 
lignin was condensed due to the treatment under acid conditions. 
Previous work (Levitin and Clermont, 1984) had indicated, 
however, that there was very little formation of pseudolignin 
when using the acid-impregnated wood. This would be due to the 
promotion of hydrolysis, rather than pyrolysis which might occur 
at the high temperatures without the acid. On the other hand it 
might simply be that less pseudolignin was produced at the lower 
temperatures used with acid-impregnated wood.

The methoxyl values of these lignins (21.4 to 22.5%) were higher 
than would be obtained with aspen milled wood lignin (19.6%).
The only likely explanation for this would be that more of the 
syringyl lignin was present in these fractions thereby raising 
the methoxyl value higher than in lignins which contain more 
guaiacyl lignin. In whole aspenwood the ratio of syringyl to 
guaiacyl varies considerably even within a tree (Bland and 
Hirnyj, 1957). The ratio may also be changed during isolation or 
fractionation of some lignins (Sarkanen and Ludwig, 1971). it is 
thus quite likely that steaming of acid—treated aspen may cause 
more of the syringyl lignin to become alkali-and ethanol-soluble 
than the guaiacyl lignin.

An alcohol extraction to isolate the lignin gave a lower yield 
than the alkali extraction; the recovery of original lignin was 
only 39.1%. However the methoxyl content of the isolated lignin 
was still high (Table 3) indicating again a higher ratio of 
syringyl lignin than in the whole original lignin. The total 
hydroxyl contents of the lignins from steamed acid-impregnated 
aspen were similar to those from non-acid treated wood. The 
phenolic hydroxyls may be lower but these results still require 
further verification.

Lignins from Sulphur Dioxide-Treated Steamed Aspen

The effect of sulfur dioxide on the steaming of aspen was studied 
by Mackie et al (1985). When comparing the use of S02 and, 
dilute acid impregnation, the decreased carbohydrate degradation 
and increased enzymatic susceptibility of the substrates produced 
with these treatments were about the same. The big advantage of 
S02 over acid impregnation, however, was the ease of 
impregnation and less corrosive effect on the equipment. The 
amount of lignin made alkali-soluble by the SO2 treatment was no 
more than when steaming untreated wood under conditions which 
gave the same level of pentosan survival in the water insolubles 
(Table 4). As mentioned previously the yield of lignin from 
sulphuric acid-impregnated aspen was lower, due to condensation 
of the lignin to insoluble material. The S02 did not appear to 
produce similar lignin condensation. Since Mackie et al (1985) 
found that some sulphonation of the lignin did occur- this might 
also have helped solubilize the lignin to a slight extent. The 
amount of lignin extracted with alcohol was in all cases here 
lower than that extracted with alkali (Table 4). In this case
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Table 3

Analyses of Lignins Isolated from Steamed Acid-Impregnated Aspenwood

Steaming Conditions Yield 
(% of 
wood)

Klason &
Soluble
Lignin

(%)

% of
Original
Lignin
Isolated

Methoxyl*

(%)

Total
Hydroxyl

(%)

Phenolic
Hydroxyl

(%)
20 sec/220°C 11.7 93.5 47.2 21.9 10.8
20 sec/220°C 
(Alcohol extd.)

10.1 89.9 39.1 21.4

30 sec/220°C 91.2 22.5 11.4 2.9
40 sec/220°C 11.1 92.7 44.4 21.7 11.0 3.1

* Methoxyl Content of Aspen Milled Wood Lignin = 19.6%



Table 4

Lignin Extractability from Steamed Aspen (Mackie et al, 1985)

Treatment
Conditions

Lignin in 
SEA-WI 
(% of wood)

Material Extracted by NaOH Material Extracted by 90% Ethanol
% of SEA-WI % of Orig. 

Wood
% of Orig. 
Lignin in 

WI

% of 
SEA-WI

% of
Orig. Wood

% of Lignin 
in WI

No acid
120 sec/240°C 22.8 26.6 18.9 82.9 20.8 14.7 64.5
1.6% SO
120 sec/210°C 20.3 24.9 16.2 79.8 17.0 11.1 54.7
0.2% H2SO4
80 sec/200°C 20.4 16.0 10.6 52.0 13.6 9.0 44.1

WI - water insoluble
SEA = steam exploded aspen



the largest yield was still obtained from the sample of steamed 
untreated aspen and the lowest from the acid treated sample. In 
this work all of the alkali-solubles and alcohol-solubles were 
assumed to be lignin after the preceding water extractions. The 
lignins from this set of experiments were not isolated for 
further study.

Chemical Composition of Extracted Lignins from Steamed Aspen 
Elemental Analyses

The elemental analyses of the lignins from the 30-, 60-, and 90- 
second treatments of untreated aspen and from the 30- and 40- 
second treatments of acid-impregnated aspen were highly erratic 
and did not follow any definite pattern. However the average 
analyses of all these lignins were as follows:

C - 61.6 to 63.6%
H - 5.7 to 6.0%
O - 30.4 to 32.3%

The only real significance that one can draw is that in all cases 
the carbon values were higher than those of aspen milled wood 
lignin and the hydrogen and oxygen values were lower. According 
to Chua and Wayman (1979b) the milled wood lignin of aspen had 
following analyses - C 59.5%, H 6.25%, 0 34.25%. They also found 
that their autohydrolysis lignins had higher carbon contents and 
lower hydrogen and oxygen contents. They attributed these 
differences to possible condensation of the lignins which would 
involve elimination of water or to a higher concentration of 
guaiacyl lignin in the isolated lignins. If the latter were true 
the methoxyl values of the isolated lignins from our steamed 
samples should be lower than the methoxyls of milled wood lignin. 
This was not true with acid-impregnated aspen indicating that 
condensation of the lignin must have actually occurred here.
Even with untreated wood there might be some doubt that possible 
higher guaiacyl concentration might be the only reason for the 
elemental analyses differences.

Nitrobenzene Oxidations

If indeed a certain amount of condensation did occur in the 
lignins from steamed wood the yields of syringaldéhyde and 
vanillin from nitrobenzne oxidations of these lignins should be 
lower than from oxidation of a lignin which was not condensed. 
Unfortunately all of this work could not be completed in time for 
this report. Previous preliminary work (Levitin and Clermont, 
1984), had indicated that the degree of condensation of isolated 
alkali-soluble aspen lignins increased with longer steaming 
times. However, at the time no comparative analyses were done on 
an isolated lignin which would have a minimum amount of 
condensation. When compared to results given by Pepper et al 
(1962) for milled wood lignin the steamed-wood lignins all
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appeared to be much more highly condensed. However it is not 
really fair to compare these results done in separate 
laboratories since certain techniques may vary to some extent.
In further work the amounts of nitrobenzene oxidation products 
from the various isolated steamed-wood lignins will be compared 
with the amounts from similarly treated milled wood and dioxane 
lignins.

Wayman and Chua (1979c) compared the amounts of vanillin and 
syringaldéhyde which they obtained by nitrobenzene oxidation of 
lignins from their autohydrolyzed aspen with the amounts from a 
milled wood lignin (MWL). They found that their shortest 
treatment at 195°C (5 minutes) yielded a lignin which did seem 
less condensed than the MWL. The 10—minute sample gave slightly 
less of the aldehydes but as times were increased further the 
lignins obviously became much more highly condensed.

With further work on the isolated lignins from steamed wood it 
will be possible to determine which of the treatments will 
produce lignins with minimum condensation and which will produce 
highly condensed lignins which, for many purposes, would not be 
as valuable.

Molecular Weights

The molecular weights of the various isolated lignins are given 
in Table 5. The number-average molecular weights obtained with 
the vapor-pressure osmometer are highly affected by very low 
molecular weight particles. A small amount of the latter will 
drop the average dramatically. However, in general, a certain 
pattern could be observed. The molecular weights of the alkali 
extracted lignins of steamed untreated aspen decreased from 881 
to 827 with increased steaming times from 30 to 90 seconds (Table 
5). The lignins isolated by acetone extraction followed the same 
pattern but the values were lower. This may be caused by the 
inclusion of low-molecular-weight material in the acetone which 
would not have been precipitated by the acid from the alkali- 
extracted material. At the same time some of the higher- 
molecular-weight lignin fractions might not have been acetone- 
soluble.

The alkali-extracted lignin could be fractionated into acetone- 
soluble and acetone-insoluble material. The lignin from the 30- 
second treatment was 43.6% soluble in acetone and the one from 
the 90-second treatment was 61.2% soluble. The main difference 
in the soluble and insoluble fractions appeared to be their 
molecular weights-the acetone insoluble material containing the 
higher molecular-weight material. The acetone solubles on the 
other hand contained lignin fractions with lower values than the 
original unfractionated lignins. The unfractionated 90-second 
material had more of the lower molecular-weight acetone-soluble 
material than the 30-second lignin but the part which remained 
insoluble in the former had a higher molecular weight. For 
practical purposes it might be important to be able to obtain 
either low or high molecular-weight lignins depending on how the
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Table 5

Molecular Weights of Lignins from Steamed Wood

Lignin Sample 
Aspen

Molecular
Weight

Lignin Sample 
Spruce

Molecular
Weight

30 sec/240°C - alkali extd. 881 90 sec/240°C - alkali extd. 712
60 sec/240°C H II 863 120 sec/240°C 745
90 sec/240°C Il II 827 Milled Wood Lignin 1151
30 sec/240°C - acetone extd. 794 Kraft pulp Lignin 1192
60 sec/240°C W II 664
90 sec/240°C H II 611

30 sec/240°C - alkali extd. 
acetone sol.

625

30 sec/240°C - alkali extd. 
acetone insol.

1630

90 sec/240° - alkali extd. 
acetone sol.

715

90 sec/240°C - alkali extd. 
acetone insol.

1884

20 sec/220°C - acid impreg. 
alkali extd.

773

40 sec/220°C - acid impreg. 
alkali extd.

826

Milled Wood Lignin 1341



lignin would be used. The actual molecular-weight distribution 
in the various lignin samples should be investigated. Samples 
with relatively narrow ranges of either high or low molecular 
weights would be very valuable.

Using acid-impregnated aspen the longer (40-second) treatment at 
220° C yielded a lignin with a higher molecular weight than the 
shorter (20-second) treatment. However the difference was not 
great and the values were similar to those from untreated wood.
As a comparison, the molecular weight of an aspen milled wood 
lignin was higher than that of any of the unfractionated lignins 
but lower than that from the acetone-insoluble fractions.

All the molecular weights were relatively low but it must be 
understood that in order to be soluble in alkali or an organic 
solvent the lignin must be broken down to a relatively small 
size. Any large molecules remained in the insoluble residues.

Products from Steamed Spruce

When dry untreated spruce was steamed for 30 and 60 seconds at 
240°C the wood was hardly defibered at all and the amounts 
soluble in water or alkali were low. Longer times were obviously 
required in order to obtain soluble products. When using 90- 
120- and 180-second treatments on dry spruce the yields of water- 
solubles were still quite low (Table 6). Steaming wet wood for 
90 seconds at 240°C gave a much higher yield of water-solubles 
but the yield of isolated lignin was much lower than when using 
dry wood under similar conditions. The yield of isolated lignin, 
when using dry wood, reached a maximum when steaming for 120 
seconds. In this case the yield of isolated material was 15.9% 
of the original wood which, when taking into account that it was 
analyzed as 93.6% Klason lignin, amounted to 51.9% of the 
original lignin (Table 7). From the wet wood steamed for 90 
seconds only 20.3% of the original lignin was isolated. In this 
case 71.1% of the lignin remained in the alkali insoluble 
residue. It appeared that when the wood was wet more drastic 
conditions of steaming were required in order to isolate more 
lignin. However, even when more lignin was isolated, using the 
dry wood, considerable amounts remained in the residues (Table 
7). Even with the 120-second treatment which gave the best yield 
of isolated lignin, 44.1% of the original lignin remained in the 
insoluble residue. With a longer treatment more lignin (62.4%) 
was in the residue due either to condensation of the lignin or 
presence of a considerable amount of pseudolignin. The poor 
alkali solubility of these lignins could possibly be attributed 
to some extent to the higher reactivity of the spruce lignin as 
compared to aspen lignin. Spruce, as other softwoods, contains 
only guaiacyl lignin whereas hardwoods contain largely syringyl 
lignins. The guaiacyl lignins, being more reactive, would tend 
to be more prone to recondensation and repolymerization to 
insoluble products.

Some lignin was also present in the water-solubles of the steamed 
spruce. When the total amounts of lignin accounted for in the
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Table 6

Fractionation of Steamed Spruce and Lignin Recovery

Steaming Treatments Yield of 
WS 

(% of 
wood)

Yield of 
Lignin 
Isolated 
(% of 
wood)

Analyzed 
Lignin in 
Isolated 
Lignin 

(%)

Yield of 
Residue 
(% of 
wood )

Lignin
in

Residue
(%)

Lignin
in

Residue 
(% of 
wood)

Total Product 
Recovery 
(% of wood)

90 sec/240°C 14.1 12.2 94.6 56.7 26.4 15.0 83.0
90 sec/240°C (wet) 22.3 6.2 94.0 64.6 31.6 20.4 93.1
120 sec/240°C 12.7 15.9 93.6 53.2 23.8 12.7 81.8
180 sec/240°C 12.2 14.9 95.4 59.1 30.3 17.9 86.2



Table 7

Lignin Recovery from Steamed Spruce - Based on Original Lignin*

Steaming Treatment Analyzed 
Lignin in 

WS 
(%)

% of
Orig. Lignin 

in WS

% of
Orig. Lignin 
in Isolated 

Lignin

% of
Orig. Lignin 
in Residuë

Total 
Lignin 
(% of 
orig. 
lignin)

90 sec/240°C 13.1 6.4 40.2 52.2 98.8
90 sec/240°C (wet) 12.5 9.7 20.3 71.1 101.1
120 sec/240°C 22.4 9.9 51.9 44.1 105.9
180 sec/240°C 18.2 7.7 49.5 62.4 119.6

*Klason lignin of Original Spruce Wood = 28.7% (no soluble lignin)



water solubles, isolated lignin and insoluble residue were added 
together the amounts, in all but from the 90-second treatment of 
dry wood, came to more than 100% of the original lignin (Table 
7). Thus the 120- and 180-second samples, yielding 105.9% and 
119.6% of total lignin recovery, obviously contained increasing 
amounts of pseudolignin. At present it is not known how much 
pseudolignin was present in each of the three fractions.

The methoxyl values of the isolated spruce lignins ranging from 
11.9 to 12.9% were lower than the value (15.5%) obtained on 
spruce milled wood lignin. These values were lower than would be 
expected if approximately 94% of the isolated lignin was actually 
true lignin (Table 6). Thus it appeared that some of these 
isolated lignins actually did contain some pseudolignin. The 
other explanation would be that some of the lignin was de- 
methoxylated during the steaming process. This was claimed to be 
true by Chua and Wayman (1979b). They reported that methanol had 
been found on the liquors after their autohydrolysis of aspen. 
However under the steaming conditions used in this work Brownell 
(private communication) had found no evidence of methoxyl loss 
from the lignin - any loss of methoxyl in the steamed wood could 
have come from the hemicelluloses. Bobleter and Concin (1979) 
found that hydrolysis of aspen lignins even at higher 
temperatures than used in this work caused no significant loss of 
methoxyl. It is possible, although not likely that the lignin 
of softwoods may be more prone to lose methoxyl than aspen 
lignin. With aspen lignin a lower methoxyl in a lignin fraction 
could be due to a higher ratio of guaiacyl to syringyl groups in 
that fraction. With spruce lignin however, since no syringyl 
lignin is present, there can be no such explanation. Thus, if 
the lignin was not demethoxy1ated then the low methoxyl values of 
these isolated lignins would be largely due to the presence of 
pseudolignin. With the milder treatment (90 seconds at 240 C) 
the total analyzed lignin was not more than 100% of the original 
lignin (Table 7) but still the methoxyl value of the isolated 
lignin from that sample was only 12.9%. This indicated that some 
pseudolignin might still be present in that sample and the true 
lignin value was really less than the Klason lignin value of 
94.6%. Some loss of original lignin occurred during the 
isolation procedure. When the alkaline solution containing the 
extracted lignin was acidified to precipitate the lignin, the 
clear solution remained coloured. Some of the lignin probably 
did not precipitate and was not recovered. Thus, more 
pseudolignin was probably present than indicated by the total 
Klason lignin of all the fractions remaining.

The molecular weights of the lignin samples from the 90- and 120- 
second treatments were 712 and 745 respectively. These 
differences were really not significant and the values were close 
to those obtained with aspen lignins (Table 5).
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Products from Steamed Acid-Imprégnated Spruce

The yields of water-solubles from steamed acid-impregnated spruce 
were higher than from steamed untreated spruce. As with aspen, 
lower temperatures (220°C) were used with the acid-treated wood 
than with untreated wood. In one case when a sample of acid- 
impregnated spruce was steamed at 240°C for 90 seconds (Table 8), 
the product was much more highly disintegrated than the product 
from a similarly steamed untreated wood sample. In this case the 
yield of water-solubles was exceedingly high (42.6% of the 
original wood). The yields of isolated lignin from the samples 
steamed at 220°C were very low (3.8% - 5.1% of the original 
wood). Taking into account that these lignins contained about 
95% Klason lignin this recovery amounted to only 12.6 to 17.0% of 
the original lignin. The bulk of the lignin remained in the 
alkali-insolubles. Rather than promote isolation of the lignin 
the acid appeared to promote condensation of much of the lignin 
to insoluble material.

The water—solubles of all these samples also contained some 
lignin. When adding together the lignin in the water-solubles, 
in the isolated lignin and in the alkali-insoluble residue only 
the sample treated at 240°C gave a total lignin recovery of more 
than 100% (Table 9). Actually, it was even more than from the 
sample of untreated spruce steamed similarly (90 sec at 240°C) 
shown in Table 7. Thus, the acid did not seem to reduce the 
possibility of pseudolignin production if similar steaming 
conditions were used. However, if lower temperatures were used 
on acid-impregnated spruce then pseudolignin production was 
reduced and the wood did appear to be physically well 
disintegrated. It may be more susceptible to enzymatic 
hydrolysis than when using higher temperatures on untreated 
spruce. However yields of isolated lignin were definitely much 
lowe r.

Products from Steamed Sulfur Dioxide-Impregnated Spruce

The spruce wafers which were impregnated with sulfur dioxide 
contained in all cases 3% SO2 based on the weight of dry wood 
and the amount of water was equal to the weight of dry wood. This 
was similar to the amount of water present when using wet wafers 
or acid-impregnated wafers. When steaming the sulfur dioxide- 
impregnated wood at 220°C for 90 and 150 seconds the yields of 
water solubles were high-over 30% of the original wood (Table 
10). The yields of isolated lignin on the other hand were lower 
than from untreated dry spruce steamed at 240°C. When steamed at 
240°C the SC>2“treated spruce gave even more water-solubles and 
higher yields of isolated lignin with the maximum of 12.0% after 
a 60-second treatment (Table 10). The total recovered products 
from the treatments at 240°C were lower than from the treatments 
at 220OC due to production of more volatile products and/or the 
loss of more lignin as low-molecular-weight products which do not 
precipitate from the alkaline solutions.

The percent of original lignin in the water—solubles was more than
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Table 8

Fractionation of Steamed Acid-Impregnated Spruce and Lignin Recovery

Steaming Conditions Yield of 
Water Sol. 
(% of 
wood)

Yield of 
Lignin 
Isolated 
(% of 
wood)

Analyzed 
Lignin in 
Isolated 
Lignin 
(%)

Yield of 
Residue 
(% of 
wood)

Lignin in 
Residue

(%)

Lignin in 
Residue 
(% of 
wood)

Total 
Product 
Recovery 
(% of 
wood)

60 sec/220°C 31.9 3.8 approx.*
95

62.2 36.0 22.4 97.9

90 sec/220°c 24.9 4.2 95.1 53.7 37.1 19.9 82.8
to
Ul 150 sec/220°C 33.1 5.1 95.5 56.6 37.3 21.1 94.8

90 sec/240°c 42.6 10.8 96.1 30.7 51.1 15.7 84.1

*Klason lignin analysis was not done on this sample but since the yield of isolated lignin was 
so low a small difference in lignin analysis would have only minor effect on the results in Table 9



Table 9

Lignin Recovery from Steamed Acid-Impregnated Spruce-Based on Original Lignin

Steaming Conditions Analyzed 
Lignin in 

WS 
(%)

% of
Orig. Lignin 
in WS

% of
Orig. Lignin 
in Isolated 
Lignin

% of
Orig. Lignin 
in Residue

Total Lignin 
(% of original 

lignin)

60 sec/220°c 6.0 6.7 approx.* 
12.6

78.0 97.3

90 sec/220°C 7.5 6.5 13.9 69.4 89.8
150 sec/220°C 7.6 8.8 17.0 73.6 99.4
90 sec/240°C 12.0 17.8 36.2 54.7 108.7

* See footnote in Table 8



Table 10

Fractionation of Steamed S02~lmpregnated Spruce and Lignin Recovery

Steaming Conditions Yield of 
Water Sol. 
(% of 
wood)

Yield of 
Lignin 
Isolated 
(% of 
wood)

Analyzed 
Lignin in 
Isolated 
Lignin 
(%)

Yield of 
Residue 
(% of 
wood)

Lignin in 
Residue

(%)

Lignin in 
Residue 
(% of 
wood)

Total 
Product 
Recovery 
(% of 
wood)

90 sec/220°C 32.6 8.0 94.1 53.1 31.0 16.5 93.7
150 sec/220°C 30.4 8.3 94.7 51.4 31.7 16.3 90.1
30 sec/240°C 36.7 9.4 95.9 43.5 31.5 13.7 89.6
60 sec/240°C 38.0 12.0 93.0 33.6 34.2 11.5 83.6
90 sec/240°C 38.5 10.5 82.4 33.8 40.8 13.8 82.8



Table 11

Lignin Recovery from Steamed S02~lmpregnated Spruce - Based on Original Lignin

Steaming Conditions Analyzed
Lignin in 
Water Sol. 

(%)

% of
Orig. Lignin 
in WS

% of
Orig. Lignin 
in Isolated 
Lignin

% of
Orig. Lignin 
in Residue

Total Lignin 
(% of Orig. 
lignin)

90 sec/220°C 11.3 12.8 26.2 57.5 96.5
150 sec/220°C 13.1 14.0 27.4 56.8 98.2
30 sec/240°C 9.7 12.4 31.4 47.7 91.5
60 sec/240°C 14.2 18.8 38.9 40.1 97.8
90 sec/240°C 15.5 20.8 30.1 48.1 99.0



in the water-solubles of the untreated or acid-impregnated 
samples (Table 11). This would not be surprising if a certain 
amount of sulphonation occurred, as suggested by Mackie ejt al 
(1985) even though they found in their work with aspen that the 
S02 did not solubilize the lignin to a significantly greater 
extent. The percent of original lignin in the isolated lignin 
only reached a maximum of 38.9% which was lower than the best 
yields from steamed untreated spruce. The total percent of 
original lignin accounted for in the analyses was, in all cases 
less than 100% (Table 11) indicating that less production of 
pseudolignin had occurred. In other words there was probably 
less carbohydrate degradation when using sulphur dioxide- 
impregnated spruce than when using untreated or acid-impregnated 
wood.

CONCLUSIONS & RECOMMENDATIONS

When steaming aspen at 240°C it was possible to isolate up to 
74.3% of the original lignin by alkali extraction and acid 
precipitation. When using similar steaming conditions but using 
a wet acetone extraction more lignin was isolated due partially 
to more lower-molecular-weight lignin being isolated and 
partially to the inclusion of some non-lignin material. If 
acid-impregnated aspen was used much less lignin was isolated by 
alkali but the higher methoxyls indicated either purer lignin or 
lignins with more syringyl groups present. The lower yields of 
isolated lignin from acid-impregnated samples was probably due to 
more recondensation of the lignin to insoluble products. With S02 
impregnated aspen there was evidently less condensation and 
better yields of soluble lignin. However the best yields of 
isolated lignin could still be obtained when steaming untreated 
aspe n.
The relatively low molecular weight and, hopefully, low degree of 
condensation of some of the isolated lignins should make these 
lignins of interest in the adhesives field. However hardwood 
lignins, having a large proportion of syringyl groups would be 
less reactive than the guaiacyl lignins from softwoods. A 
fractionation of hardwood lignins to concentrate more of the 
guaiacyl lignins would be of great interest. There were 
indications that it might be possible.

By fractionating the alkali-soluble lignins with acetone the 
higher molecular-weight-material was concentrated in the 
insoluble portion. A fractionation according to molecular 
weights would also be of great interest for commercial purposes, 
where a narrow range of molecular weights is important. In 
future work the molecular weight distribution should be 
investigated after various possible fractionations.

Total hydroxyl determinations of the various lignins did not show 
any definite pattern but it will be more useful for practical 
purposes to determine the phenolic hydroxyl contents of the 
lignins. If any differences are noted the ones with more 
phenolic hydroxyls will in general, be more reactive and more
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useful for many commercial purposes. However the degree of 
condensation is also important - a low molecular weight, but 
highly condensed product may still be soluble but would not be 
very reactive and a poor product for preparation of lignin 
derivatives. Thus more work on the degree of condensation of the 
isolated lignins is very important. Longer steaming treatments 
definitely caused increased condensation, but it might well be 
possible to use conditions which will yield lignins with minimum 
condensation.
The reactivity of the various isolated lignins should also be 
investigated directly by noting how they react with formaldehyde. 
This would indicate their possible value in the adhesives field 
as well as for production of various resins and plastics.

It was more difficult to obtain good yields of isolated lignins 
from various steamed spruce products. Using untreated spruce the 
highest yield of alkali soluble isolated lignin was only 51.9% of 
the original lignin. This was obtained from a sample of 
untreated spruce steamed at 240°C for 120 seconds. It appeared 
that the more reactive guaiacyl lignin was either more difficult 
to hydrolyze to soluble products or more readily condensed back 
to insoluble products. It will be important to do more work on 
the isolated lignins to determine their reactivity and degree of 
condensation. Theoretically the guaiacyl lignins should be more 
reactive than the syringyl lignins if they are not already 
condensed to some extent when isolated.

The yields of isolated lignins from the steamed acid-impregnated 
spruce samples were very low, due probably to more condensation 
of the reactive lignins in the presence of acid at high 
temperature. With sulphur dioxide-impregnated spruce there 
appeared to be less condensation and less formation of 
pseudolignin but yields of isolated lignins were still less than 
those from steamed untreated spruce.

The chemical composition of the isolated spruce lignins, which 
would determine their possible uses, requires further 
investigation. These studies would include hydroxyl 
determination, molecular weight distribution, degree of 
condensation, and reactivity. At present it is difficult to 
determine definitely how much if any pseudolignin is present in 
the isolated lignins. This might be important to determine. 
However for practical purposes it is not known what effect the 
presence of some pseudolignin will have. It might not have any 
serious effect if the amounts are small.

In all this work it will be important to coordinate it with work 
on the enzymatic susceptibility of the carbohydrate fractions of 
the steamed wood. If a good yield of a relatively valuable 
lignin is obtained from a steamed product which yields a 
carbohydrate which is not readily susceptible to enzymatic 
hydrolysis then the whole process is not of any great value. It 
will be best to use a procedure which will give a substrate which 
is readily susceptible to enzymatic hydrolysis and at the same
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time yield a 
commercially

lignin with properties which will 
valuable.

make it
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