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DIGESTIBILITY OF WOOD AND BARK AND PROPERTIES 
OF THE BY-PRODUCTS OF THE STEAMING PROCESS

PART 1

Wood and Bark Digestibility

Introduction

Much experimental work has been done and successful results have been 

obtained in making aspen wood digestible for ruminants by high-pressure steam 

treatments (1,2,3). Preliminary results indicated that, when using similar 

conditions with other hardwoods, poorer digestibilities were obtained (1 ) and 

softwoods remained almost indigestible. It was considered that by varying 

treating conditions or by using certain additives or certain pre-treatments 

the poorer digestibilities could be improved. With this in mind, an investiga 

tion on digestibilities of various hardwoods and softwoods after various 

steaming treatments was undertaken. Since in many cases it might not be 

economically feasible to remove the bark from the wood or since the use of 

waste bark could be considered for animal feed, the digestibilities of several 

barks before and after steaming treatments were investigated.

Since the cost of preparing animal feed from wood would be dependent 

on the value of any by-products obtained, work was also done on removing the 

nori-digestible material (lignin products) and investigating their possible 

uses.

Methods

With slight modifications,to be described, the method of Pritchard 

and Macintosh (4) for determining in vitro dry-matter digestibilities (DMD) 

of forage was used in this work. This method measures the amount of material 

which becomes soluble after a 48-hour incubation with rumen fluid. A small 

amount of lignin also became water soluble during the steaming and would thus



be classed, by this method of analysis, as digestible material. However, 

the percentage is fairly constant and rather than correct for it in all 

cases it could be considered that, except where noted in this report, all the 

values reported are about 4 or 5% too high due to the presence of the water-.i
soluble lignin.

The samples to be analyzed for DMD were all dried at room temperature 

and ground in a Wiley Mill to pass a 20-mesh screen before being incubated with 

rumen fluid. In all cases, 0.25 gm of sample was used, with 12 ml of inoculum 

and 24 ml of buffer. After the 48-hour incubation, the resulting material 

was filtered through glass fibre paper and weighed after drying in an oven at 

105°C.

All the steamed samples were prepared in the small (250-ml) high- 

pressure digester built for this type of work. This digester is equipped 

with a ball valve which can be opened very rapidly so that the material can be 

ejected at exactly the time required. It had been established by previous work 

done at Forintek that explosive decompression was not really necessary to 

obtain high digestibility; the governing conditions are the temoerature and 

duration of treatment. However, the quick release of pressure cooled the 

material almost immediately, enabling the wood to be treated at the specified 

temperature for exactly the specified time. It also provided a good method 

for recovering the product from the digester. In most cases, thin wafers of 

wood (0.5 to 0.75 mm thick) were used in the digester. In some cases where 

specified, ground material was used. The amount of material used was carefully 

weighed but ranged from 15 to 30 gm. After the steam treatment, the material 

was ejected into a cyclone and the resulting material was collected and air- 

dried. When the product was fibrous it was quite easy to quant*tat;\oTy collect 

it from the cyclone. However, when completely defibred in so-v* '* !:•«' longer 

treatments, it required considerable care to collect all *ne d  which,in



some cases, had the consistency of porridge. Theoretically, therefore, some of 

these yields were a little low but the results were as good or better than any 

that could be practicably obtained in any commercial process.

Volatile fatty acids, mostly acetic, propionic and butyric, are produced 

as the rumen micro-organisms metabolize sugars. These acids can be determined 

quantitatively by gas chromatography and the amounts obtained related to the 

digestibility of the substrate. The method described by Ottenstein and Bartley 

(5) using the acidified aqueous filtered solutions after the 48-hour incubation, 

was used for this analysis. It was not used routinely but only to check DMD 

analyses when some doubt existed about the validity of the results due to the 

suspected presence of much water-soluble indigestibles (e.g. in some bark) 

samples).

In this study, the digestibility of aspen, steamed for various times, 

was determined again and the values used as standards with which to compare 

the results from other woods. In all cases unless otherwise specified, the 

bark was removed from the wood and treated separately. Since the digestibilities 

of steamed and otherwise treated varieties of birches, maples and alders 

from various sites will be studied under another contract, the samples done 

here were only of one variety and were done in order to compare them with the 

other woods. Differences due to the presence of tension wood will also be 

noted in the next study. The species used in this study are listed in Table I. 

Since hardwoods and softwoods behaved quite differently in their digestibilities, 

they will be reported separately. Several samples of hybrid poplar were 

investigated: 2-year-old, 1-year-old and 3-month-old material. The top and

bottom sections of the younger wood were studied separately.

Digestibilities of Hardwoods Steamed at 430 psi

None of the hardwoods had any degree of digestibility before steaming, 

although aspen had the highest value at about 22%. When steamed at 430 psi,



which produced a temperature of 235°C, the digestibility of aspen reached its 

maximum (65.5%) within 2 to 3 minutes (Table II). The yields (given in Table II) 

decreased with longer treatments due to degradation and loss of hemicelluloses, 

and some degradation of the lignin.. At maximum digestibility, with a yield of 

82%, the yield of digestible material based on original wood is about 53.5%.

The maple and birch samples also reached their maximum digestibility after

3 minutes of steaming, and the values attained were almost the same as those 

for aspen. The birch sample had lower values after 1 and 2 minutes but was 

not degraded as much after 4 minutes. The alder behaved like birch but its 

DMD value dropped after the 4-minute treatment, as did the aspen. The yields 

of digestible material based on original wood were highest after the 2-minute 

treatments, ranging from 53.6 to 56.4%. Actually, from the practical standpoint, 

all four samples behaved very much alike.

Oak and pin-cherry samples attained maximum digestibilities slightly 

higher than aspen but much more rapidly: the cherry after only 1 minute of 

steaming, and the oak after 2 minutes (Table II and Figure 1). The yields 

of digestible material based on original wood were highest for both these 

samples after only 1 minute of steaming and were almost the same as for 

aspen after 2 or 3 minutes. After 3 and 4 minutes of steaming, the digestibili-

ties and the yields of digestible material based on original oak and cherry 

wood dropped markedly, indicating considerable degradation.

Elm and ash never attained the digestibility of the other samples.

The elm reached its maximum of only 55.7% in 3 minutes but the ash, even after

4 minutes, only reached 39.1% which is considered very poor. The yields were 

not much different from the aspen, indicating that excessive degradation had 

not occurred. The main difference appears to be that some of the cellulose had 

not become available as digestible material.



It had been considered that defibrization was very important to attain 

maximum digestibility. It is true that ball-milled aspen (untreated in any 

other way) will give a fairly high digestibility (6) but, with the steamed 

wood, from the results obtained here, complete defibrization does not appear
i

to be necessary to obtain high digestibility. The 3-minute treatment of aspen 

produced completely defibred material whereas, with a similar treatment, the 

birch and maple samples contained small fibres; the digestibilities, however, 

were similar. On the other hand, a completely defibred sample may have low 

digestibility. The ash sample, after 3 minutes' steaming, was completely 

defibred but its digestibility reached only 37%. Of course, if a sample is 

overcooked, it will be completely defibred but degraded to the extent that 

it has a low digestibility —  not the case with the ash. Thus, a combination 

of physical and chemical breakdown is necessary to attain good digestibility.

The lignin content of the wood may be an important factor affecting 

the ability to obtain a highly digestible material. The ash used in this study 

had 27.1% lignin (much higher than that of the other hardwoods) and its digesti-

bility was very low. The elm, which yielded material with better digestibility 

but still lower than that of material from the other hardwoods, had a lignin 

content lower than ash but still fairly high compared to the other hardwoods 

(Table I). However, it also had a hemicellulose content lower than the other 

hardv/oods. A combination of this factor and the fairly high lignin probably 

contributed to the low digestibilities obtained with this wood. The alder, on 

the other hand, with a relatively high lignin content, still attains a high 

digestibility. Until more work is done, no explanation is available.

Digestibilities of Hardwoods Steamed at 560 psi

Previous work on aspen poplar has shown that steaming the wood at higher 

temperatures will give similar or slightly higher digestibi1 ities in shorter



times. However, there is usually greater danger of overcooking —  a slightly 

longer time of treatment will rapidly reduce the digestibility from its maximum. 

Table III and Figure 2 show the digestibilities after steaming at 560 psi or 

250°C for various times. The digestibilities were higher than at 430 psi and 

the maximums were obtained in most cases after only 60 and 90 seconds. However, 

as at the lower pressure, the oak attained its maximum digestibility after a 

shorter treatment than the other woods —  within 30 seconds in this case. Elm, 

again, required the longer treatment (90 seconds) but did not reach as high a 

digestibility as the others; ash still remained lower than all the others, 

although it did reach 53.1% digestibility in 90 seconds. Again, the birch and 

maple samples behaved similarly to the aspen poplar. The yields (Figure 2) 

followed approximately the same pattern as at 430 psi. The yields of birch 

and maple are not shown in Figure 2 —  they were almost the same as those of elm 

and ash.

Digestibility of Hybrid Poplars

Hybrid poplar has received considerable attention in recent years and 

its possible use for animal feed could be very important. As can be seen in 

Table IV and Figure 3, the digestibilities differed from those of aspen poplar 

and, in general, were lower. The untreated 2-year-old hybrid poplar was much 

less digestible than the untreated aspen, and remained lower after short 

steaming treatments. However, after a 3-minute cook at 235°C, the digestibility 

was almost as high as that from a similar aspen cook. The one-year-old hybrid 

poplar never attained the digestibility of the older wood or aspen even after 

3 or 4 minutes steaming. Some very young hybrid poplar (about 3 months old), 

which had attained a height of 4 to 5 ft., was also collected for digestibility 

tests. The top part of this plant was still soft and green and was 48% 

digestible without any treatment. The lower part was only around 29% digestible



Steaming these samples did not raise their digestibility quite to the level of 

the 2-year-old hybrid poplar or the aspen. After 2 minutes of steaming, the 

yields of material obtained were also lower from the younger hybrid poplar 

samples (1 year and younger). The Klason lignins of the one-year-old and 

3-month-old hybrid poplars were 24.5% and 24.1%, respectively —  higher than 

the 23.4% for the 2-year-old and 19.7% for the aspen. The lower digestibilities 

of the younger wood in these cases certainly appear to correlate with the higher 

lignin contents.

Digestibility of Softwoods

It has not been possible to attain any degree of digestibility by 

steaming softwoods. After a 3-minute or even 5-minute steaming of white spruce 

or red pine, DMD values of only 15 to 20% were obtained. An acetone extraction 

prior to the rumen fluid incubation had no effect, indicating that possible 

toxic phenolics in the cooked wood were not responsible for the low digestibili-

ties. A sodium hydroxide extraction of a spruce sample steamed for 3 minutes 

at 235°C removed 16.4% of the steamed wood, but the resulting pulp gave DMD 

values of only 3%, Thus, the alkali evidently removed some digestible hemicel- 

lulosic material; the remaining material was essentially non-digestible.

Several factors could be responsible for the difference in behaviour 

of softwoods and hardwoods. Softwoods, in general, have higher lignin and 

lower hemicellulose contents. The lignin is chemically different and the 

hemicellulose composition is different. This could produce differences in 

the carbohydrate-lignin bonding that could resist the disruption by steaming 

which occurs with the hardwoods. Removal of lignin from aspen poplar by 

treatment with acidified sodium chlorite at 70°C leaves a product which is 

almost completely digestible (1). Similar treatments on spruce also produced 

highly digestible material. In our work, a "holocellulose" sample, prepared 

from spruce by 3 treatments with chlorite still containing 1 1 % lignin, had



a DMD value of 70.5%. Since removal of lignin by chlorite or normal pulping 

procedures is of course too expensive for preparation of animal feed, various 

other treatments were tried in an effort to disrupt the bonding and produce
i . . •

a product which could be made readily digestible.

Sulfur Dioxide Treatments of Softwoods ..

Spruce and pine were impregnated with a solution of S02 in water to 

the extent that the wood contained 3.4% S02. These wood samples were then 

steamed for 30 to 180 seconds at 235°C, as shown in Table V. In all cases, 

the resulting digestibilities ranged from 24.3 to 28% only. When similarly 

treated with 6.8% and 16% S02, the highest DMD value obtained was only 35.4%

—  too low to be of any value. With the S02 in the wood, the fibres were 

completely destroyed in the 3-miriute steaming treatments but the digestibilities 

remained almost the same as after a 30-second cook in which most of the wood 

remained fibrous. Without S02 , spruce or pine were not defibred by 3- or even 

5-minute steaming.

In some treatments, the S02 gas was injected into the digester after 

the spruce or pine was put into it. The digester was either flushed with S02 

to remove the air, or the S02 was put in at a pressure of 50 psi before the 

steam treatment. In all cases after all the treatments the DMD values obtained 

were similar to those obtained when the wood was impregnated with the S02 solutions 

At no time did digestibilities go higher than 35.1%, obtained after 3-minute 

steaming with 50 psi of S02. When this sample was extracted with 0.4% sodium 

hydroxide solution, 30.4% of it was dissolved and the residual pulp had a 

DMD value of only 5.4%. The alkali had removed some lignin and some hemicellulosic 

material leaving cellulose, which remained essentially non-digestible.



Mineral-Acid Treatments of Softwoods

Impregnation of spruce wafers with dilute hydrochloric or sulphuric 

acids instead of with S02 solutions before steaming did not provide any additional 

benefit. With 0.4 or 0.8% acid in the wood, most DMD values after steaming
i

were around 30 to 40% with one treatment as high as 44% (Table VI). When 

aspen was impregnated with dilute sulphuric acid and steamed for periods of 

15 to 60 seconds, the DMD values were actually slightly lower than if no acid 

had been used. This was probably due to degradation of some of the hemicel- 

lulosic material by the acid to non-digestible material. Acid treatments at 

high temperature could produce more furfural or dehydrated material from some 

of the hemicellui oses. All of the products from the acidified treatments were 

completely defibred.

Digestibility of Alkali-Treated Steamed Wood

Previous work with aspen has shown that steaming the wood with alkali 

in the digester did not provide any benefit and, unless large amounts of alkali 

were used, digestibility is actually lowered. However, the possibility of 

improving digestibility of softwoods by alkali pre-treatments was considered. 

Treatments with dilute NH^OH (4% and 7% NH3 based on the weight of wood), 

followed by steaming with and without addition of acetic acid, produced no 

improvement. Also, the use of 20% sodium hydroxide solutions which could swell 

the wood did not improve the digestibility of the subsequently steamed wood.

The addition of sufficient acetic acid to provide any necessary acidity during 

the steaming did not help. As a further check on this work, these various 

treatments were tried on aspen: the digestibilities actually dropped slightly.

Chlorite Treatments of Spruce

As mentioned previously, a sample of spruce "holocellulose", prepared 

by 3 chlorite treatments and with 1 1 % lignin remaining, had a digestibility of



70.5% (Table VII). With a fourth treatment, the digestibility dropped slightly 

due to degradation of carbohydrate. Milder treatments with no steaming gave 

very low digestibilities; but, if these latter samples were steamed, very 

high digestibilities were obtained. With 2 treatments on spruce sawdust 

followed by steaming (430 psi for 3 minutes), a DMD value of 76.2% was obtained.

The lignin content of this chlorited sample was 16.7%. With only 1 chlorite 

treatment which still left 22.5% lignin, the steaming produced a sample with 

49.7% digestibility (Table VII). With spruce v/afers, the delignification was 

not as efficient and, after 1 chlorite treatment followed by steaming, the 

DMD value obtained was only 32.4%. There is a definite correlation between 

the digestibility obtained after steaming and the lignin left in the chlorited 

spruce (Figure 4). Thus, partial removal of lignin did enable subsequent 

steaming to produce digestible material. However, since even 1 chlorite 

treatment is still too expensive to be practicable, a cheaper method for this 

partial removal of lignin would be necessary.

Other Oxidizing Treatments of Spruce

Nitrogen dioxide will oxidize lignin in wood and make it soluble in 

dilute alkali. Spruce wafers were thus treated with N02 and the resulting 

product steamed for various times at 430 psi. With these treatments, however, 

the wood was not defibred even after 3 minutes of steaming, and digestibility 

remained very low. Even with an alkali treatment to remove some lignin before 

the steaming, the DMD was not improved. Evidently, the N02 caused sufficient 

degradation to the carbohydrate to ruin the digestibility. The use of alkaline 

hydrogen peroxide as an oxidizing agent before the steaming did not produce 

any improvement in digestibility. However, in this latter case, the oxidized 

lignin was not actually removed from the wood. It appeared that, with spruce, 

one must actually remove about 37% of the lignin without damaging the carbohydrate



in order to obtain good rumen digestibility with steaming. When about 60% of 

the spruce lignin was removed, good digestibility was obtained without steaming.

Digestibility of Bark

Since bark makes up about 20% of a tree and, since in some cases it
i

might not be convenient to remove the bark from the wood, it would be of value 

to determine its digestibility when treated similarly to the wood. In other 

cases, waste bark could be available. It would be valuable to determine if it 

could be used for animal feed. The amounts of reducing sugars obtained after 

hydrolyzing various barks with 72% sulphuric acid are given in Table VIII.

From these values, the amounts of carbohydrate present were calculated. These 

amounts were quite low and, thus, the percent digestibility in most cases could 

not be very high even if all the carbohydrate could be made digestible. However, 

several samples were steamed to determine what digestibilities could actually be 

obtained. The results in Table IX showed that the outer bark of birch and 

maple were indigestible (the values shown were essentially water-soluble 

indigestibles). The inner bark of these trees appeared to have more digestible 

material. Actually, most of the digestibles were water-soluble extractives 

(Tables X and XI), but the inner bark of most species of trees.is known to 

contain water-soluble carbohydrates which should be digestible by ruminants (7). 

Steaming increased the digestibility of maple inner bark to about 39a , and birch 

inner bark to 25%. Volatile fatty acid determinations indicated that these 

values were real digestibilities and not indigestible water solubles. Alder, 

poplar and 2-year-old hybrid poplar barK gave DMD values close to 40% after 

steaming, and 1-year hybrid poplar bark attained values up to 50%. None of 

these values was high enough to warrant using bark as a source of animal feed, 

but it did indicate that the carbohydrate present in bark was either readily 

digestible or could be made digestible by steaming. It also indicated that the



presence of bark does not interfere with the digestibility of the wood but 

might actually add a little. In order to check this further, a mixture of 

equal quantities of steamed aspen bark and steamed aspen wood was tested for 

DMD -  the resulting value was exactly the average of the two values, indicating 

no toxic effect from the steamed bark. A similar experiment with steamed 

maple and steamed maple outer bark (DMD 2.«) also gave an average value -  no 

toxic material was produced from this bark either.

Other Properties of Steamed Wood and Bark

When wood, or bark, is steamed for animal feed, the non-digestible

material is of no value to the animal but may be of considerable value if 

removed after the steaming process. A considerable amount of the steamed wood 

became methanol and water soluble after steaming (Table XII). Most cf the water 

solubles were carbohydrates from the hemicelluloses, with a small amount of 

soluble lignin. The amount of soluble lignin (based on original steamed wood) 

ranged from 3.7 to 4.8%. The methanol solubles, on the other hand, contained 

most of the lignin, any pseudo-lignin produced from the carbohydrates, and some 

sugars obtained by hydrolysis of the hemicelluloses during the steaming. The 

water-soluble portion of the methanol solubles would be mostly carbohydrate, 

with the water-insoluble portion being mostly lignin. This latter fraction 

ranged from 15.3 to 16.3% for alder, birch and poplar, but only 11.5% for 

maple. A water extraction after the methanol extraction further removed a small

amount of carbohydrate.

Similar extractions of steamed bark (Table XI) gave variable results, 

and since these barks contained large amounts of methanol and water solubles 

even before steaming (Table X), it is difficult at the present time to know 

what new products were produced by the steaming. Further study along this 

line was not warranted due to the relatively poor digestibility of bark.



Most of the lignin in steamed wood can be very readily removed by 

alcohol. However, the use of an organic solvent for separations in a commercial 

process would be expensive and dangerous. It was found that dilute alkali also 

removed the lignin from steamed wood, but it also removed a considerable amount 

of carbohydrate (the low-molecular-weight hemicelluloses and sugars). However, 

by addition of acid, the lignin could be precipitated, leaving the carbohydrate 

in solution. This lignin could conceivably have many uses; one of the most 

practical uses, at present, would be as an adhesive for particleboard.

Sufficient lignin from steamed aspen, birch and maple was isolated by the alkali 

extraction for a study of its possible use as an adhesive. A report of this 

work is attached here as Part 2.

Summary

Aspen poplar, silver maple, white birch and speckled alder attained 

maximum digestibilities (DMD) of about 64 to 66% after steaming at 235°G for.

3 minutes. Oak and cherry reached slightly higher digestibilities with shorter 

treatments. Elm gave lower digestibilities while ash digestibilities were much 

lower. After steaming at 250°C (560 psi), the maximum digestibilities for 

aspen, birch and maple were slightly higher and were attained after 60 to 90 

seconds of steaming. Oak reached the same digestibility (68%) after only 30 

seconds of steaming. Elm and ash gave lower values, but the ash, which had a 

very low value at 235°C, did attain 53.1% DMD after 90 seconds at 250°C. Two- 

year-old hybrid poplar gave DMD values slightly lower than aspen after steaming 

but the younger wood gave even lower values.

The digestibility of spruce and pine remained very low after various 

steaming treatments, and the addition of SO2 » mineral acids or alkali did not 

provide much improvement. Pre-treatments with alkali were also of no value. 

Partial removal of lignin from spruce using sodium chlorite, followed by steaming



yielded a product with DMD up to 77%. However, relatively large amounts of 

expensive chlorite were required.

The digestibilities of most barks were low compared to steamed wood. 

However, the inner barks of maple and birch had some digestible carbohydrates 

even without steaming. Young (1-year-old) hybrid poplar bark attained a 

digestibility of 54.6% with a very short (30-second) steaming at 430 psi.

Isolated lignins from steamed hardwoods could be used as a surpisingly 

good adhesive for particleboard. Dry strengths obtained were as good as those 

with commercial adhesives (see Part 2 - Adhesive Properties of Lignin Derived 

from Steamed Hardwoods).
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TABLE I

Common Name 

Aspen Poplar

Si 1ver Maple

White Bi rch

Speckled Alder 

Red Oak 

Black Ash

White Elm

Pin Cherry

Hybrid Poplar ( 

Hybrid Poplar ( 

White Spruce

Wood Samples Used for Digestibility Studies

Botanical Name % Klason Lignin

Populus tremuloides Michx.

i . '

19.7

Acer saocharimm L. 21.9

Be tula papyri fera Marsh. 19.0

Alnus rugosa (Du Roi) Spreng. 2A.6

Quêrcus rubra L. 21.6

Fraxinus nigra Marsh. 26.8

Ulmus amerieana L . 22.9

Prunus pensyIvanica L.f . 20.0

yr) 23

yr) 2**.3

Picea glauca (Moench) Voss. 28.1

Red Pine Pinus resinosa Ait.



IAtsLt II

Percent Digestibilities and Yields of Hardwoods Steamed at 430 psi (235°C) for Various Times

Spec i as Digest. Av. D igest. A v . Yield D i gest. Av. Yield Digest. Av. Yield D igest. Av. Yield D i gest. Av. Yield

Digest. Digest. D i gest. Digest. Digest. D i gest.

(0 sec.) (30 sec.) (60 sec.) (120 secO (180 sec,) (240 sec.)

Aspen 23.2 22.6 60.7 59.6 89.1 60.3 60.4 85.7
65.9 65.5 82.2

64.6
65.3 82.0 62.0 61 .2 76.3

Poplar 22.0 58.5 60.4 (F) 65.0 (D) 65.9 60.3

Wh i te 6.7 6.7
55.8 56.4 89.8 62.9 62.6 86.5

64.0
64.7 80.4

63.4 64.6 76.1
B i rch

6.7 57.0 (F) 62.3 (D) 65.3 65.8

Maple 7-9 7.7
62.8 62.4 91 .8 65.1 64.5 87.4 66.7 65.9 83.5

63.3 63.5 77.3

7.5 61.9 (F) 63.9 (F) 65.0 (MD) 63.7 (D)

Alder 7.5 7.1
55.2 54.6 91 .8 63.1 63.1 85.0 64.3 63.8 80.2 61.7 61.7 78.2

6.7 54.0 63.1 63 3 61.7

Oak 15.9 15.3
49.2

48.5 87.3
62.9 62.4 86.3

67.2
67-5 75.0

58.1
59.1 73.9

56.1 56.1 66.0

14.7 47.8 (F) 61.8 (MD) 67.8 (D) 60.0 56.1

P i n 62.5 61 .7 88.8
66 .3 67.2 80.5

66 .7 66.7 79.6 57-4 55.6 76.0 51.7 51 .4 69.6
•Cherry 60.8 '(F) 68.0 (MD) 66.7 (D) 53.7 51.0

Elm 32.5 32.7 87.8 46.3 47.1 82.1 57.2
55.7 78.6 54.5 54.3 78.1

32.8 (F) 47.8 (MD) 54.1 (MD 7 54.1 (MD)

Ash 20.6 20.9 89.9
23.1

25.7 86.2 31.5 31.9 82.2 37.1 37.0 78.7
37.8

39.1 75.6

21 .2 28.2 (F) 32.3 (MD) 36.9 (D) 40.3

(D) defibred (F) fibrous (MD) mostly defibred



TABLE I 1 I

Percent Digestibilities and Yields of Hardwoods Steamed at 560 psi (250 C) for Various Times

Spec ies D i gest. Av. Yield Digest. Av. Yield Digest. Av. Yield Digest. Av. Yield
Digest. D igest. D Î gest. D i gest.

(30 sec.) (60 sec.) (90 sec.) (120 sec)

Aspen 65.2
64.9 87.5

69.1 68.2 80.4 67.7 67.7 78.6
63.8

63.9 73.4
Poplar 64.8 67.3 67.7 63.9

White 62.3 62.9 88.2 66.3 65.6 82.9
65.5 65.3 80.2

60.4
60.7 76.5

B i rch
63.5 64.9 65.0 61 .0

Ha pi e 64.2 64.6 90.1 67.7 67.5 86.3
64.8 64.6 80.3

60.5 61 .5 78.5
65.0 67.3 64.4 62.5

Oak 67.8 68.1 82.9
68.2 67.8 82.5

65.3 65.5 77.6 51.0 51 .6 73.9
68.A 67-4 65.7 52.2

Elm 42.3 40.5 89.2
57.4 57-8 82.5

61 .1 61.0 78.3
59.0 59.0 78.0

38.6 58.1 60.9 59.0

Ash 48.8 48.4 83.6
52.2

53.1 79.8
52.0 52.2 79.1

48.0 53.9 52.4



IMbL L IV

Percent Digestibilities and Yields of Hybrid Poplar of Various Ages Steamed at 430 psi for Various Times

l. \v. 
Digest.

(0 see.)

23.2

22.0
22.6

Digest. Av. Yield 
Digest.

(30 sec.)

60.7

58.5
59.6 89.1

D i gest. Av. 
Digest.

(60 sec)

Yield

60.3

60.it
60.it 85.7

Digest. Av. Yield 
Digest.

(120 sec)

65.9

65.0
65 - 5 82.2

Digest. Av. Yield 
Digest.

(180 sec.)

Digest. Av. Yield 
Digest.

(240 sec^

6 it .6 

65.9
65.3 82.0 62.0

60.3
61.2 76.3

6.0 

it.6

8.7

9.7

6. 8
7.6

29.2

29.5

it 8.7 

48.3

5.3

9.2

7.2

29.4

48.5

48.3

47.9
48.1 91.4

40.3

39.4

50.0

50.6

39.9 92.7

50.3 91.5

59.8

59.8

56.8

55.5

51.9 

54.4

52.0

48.8

57.6

54.7

59.8

56.2 87.4

53.2 86.2

50.4 87.8

56.2 81.8

61 .4

62.3

58.6

60.6

58.1

52.5

54.1

61.9 80.8

59.6 77.7

81 .4

53-3 78.7

64.3

62.3

61.0 
62.0

57.6

57.6

55.0

55.0

63.3 78.1

61.5 75.8

57.6 75.7

55.0 75.8

58.5

58.3
58.4 75.5



Percent Digestibilities and Yields of Spruce and
Pine Steamed at ^30 psi with Sulfur Dioxide for Various Times



TABLE VI

Percent Di gest ib i1 'ties of Spruce and Pine Steamed at 430 psi with Mineral Acids



TABLE VI I

Percent Digestibilities of Chlorite-Treated Spruce

Sample Number of 
Chlor i te 

Treatments1

% Lignin

l

Digestibility 
with no 
Steami ng

Digest î bi1i ty 
after 

Steaming2

. ——— i .... — i ——

Spruce
Sawdust

0 28.1 19.8 ig 3 
18.8

1 /2 3°.° 3i . 0 
32.0

1 22.5 50.2 i,9j

49.2

2 16.7 28.5

28.1
76.2

75.3

3 1 1 .0 7° * 2 70.5 
70.7

77 *2 77-1 
77.0

4 8.9 67.1
66.3

Spruce
Wafers

1 26.8 33.1 3 2.it 
31.7

3 17.6 73,2 70.4 
67.5

1A chlor î te treatment consisted of 20 gm wood with 6 gm sodium chlorite acidified

w ith acetic acid at 70 C for 1 hour.

^Steaming for 3 minutes at 450 psi.



TABLE VIII

Carbohydrate Composition of Various Barks (3)

Species % Reducing 
Sugar

%
Hexose

%
Pentose

Sugar Mapl e 35-4 67 31

Red Aider 38.6 58 40

Paper Birch 32.2 56 42

Quaking Aspen ill .4 63 35

White Oak 27.8 66 31

Red Oak 32.4 57 41

American Elm 37-0 76 20

Black Spruce 47.9 77 20

Jack Pine 30.6 77 21



TABLE IX

Percent Digestibilities of Various Barks Steamed at k30 psi for Various Times

Species Digest. Av.
Digest.

(0 sec.)

Digest. Av.
Digest.

(30 sec.)

Digest. Av.
Digest.

(60 sec.)

Digest. Av.
Digest.

(120 sec)

Digest. Av.
Digest.

(180 sec)

Digest. Av.
Digest.

{2k0 sec.)

A1 der 23,3 23.2 
23.0

20-3 20.0 
is. 6

39-6 38.9 
38.1

,6-7 17 .2  
17.6

B i rch
i nne r 2 7 >  25.9 

2 k .  3
25-6 25.4 
25.2

23‘5 25.3 
23.1

B i rch 
outer

3.3 hm] A.7 
5.3

2.4 °-° 0.0 
0.0

Ma pi e 
i nner 'l0-5 39.3 

38.1
39-° 39.1 
39.2

36,9 37.2 
37.5

Maple
outer

8,2 8.2 
8.2

,0-6 10.4 
10.2

5 -5 6.0 
6.4

12 2 x 12 .2
12.2

Aspen P. 38,3 37.9 
3 7 . k

k]  . 3 Z,2.2 
k 3 . 0

43*° kk .O  
k k . S

,3-8 19.6 
19.4

Hybrid P. 
2-yr.

20,0 19.3 
18.6

39,9 39.8 
39.7

37-8 38.5 
39.1

Hvbrid P. 
1-yr.

39.° 39.1, 
39.7

5*'7 54.6 
54.5

50,6 51.0 
51.3

46.0
45.3

r



TABLE X

Solubilities of Various Barks

Species HOH
soluble 

(%)

i
MeOH 

soluble 
(*)

MeOH sol. 
HOH sol . 

(%)

HOH sol . 
after MeOH 
extn. {%)

A1 der Mt.O 2 . b

Birch inner 19.9 25.5 2A.8 0.6

Bi rch outer it.6 27.8 l*.l 1.0

Maple inner 25.3 30.6 30.1 1 .2

Maple outer 6.8 11.8 6.2 2.6

Aspen P. 17.5 5.*t



TABLE XI

Solubilities of Barks Steamed at *»30 psi for 2 Minutes

Species HOH sol. 
(%)

MeOH sol. 
(%)

MeOH sol. 
HOH sol. 

(*)

MeOH sol . 
HOH insol . 

(%)

HOH sol. 
after MeOH 
extn. (%)

Alder 2k .  k 5 5 . k 9.7 k 5 . 7 3-9

Birch inner 23.9 46.1 18.1 28.0 3.1

B i rch outer 3 . k 27.3 2.1 25.2 0.7

Maple inner 31.7 37-3 23.1 U . 2 3.8

Maple outer 1*».3 16.6 8.5 8.1 k . k

Aspen P. 26.8 39.** 22.8 16.6 5.0



I

TABLE XI I

Solubilities of Wood Steamed at **50 psi
for 3 Minutes

I
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PART 2

Adhesive Properties of Lignin 

Derived from Steamed Hardwoods

Abstract ■

Experiments on a small scale have indicated that the lignin isolated 

from steamed aspen, maple and birch may be used in powder form as a bonding 

agent in the preparation of particleboards. A sufficiently high moisture level 

in the wood chips (6 to 13%), and an acidic catalyst such as sulphuric acid, 

were found necessary to obtain sufficient bonding. The dry internal bond 

strength as measured with a torque wrench, varied from 40 to 80 in.-lbs. (4.5 

to 9.0 N.m.). Ttie water resistance, however, was poor.

Introduction

At present, much attention is being given to the conversion of ligno- 

cellulosic products (biomass) into fuels (mostly ethanol), chemicals and animal 

feed. Interest is centred on the conversion of cellulose and hemicellulose 

into useful products, while little attention has been given to the lignin, 

except to mention its value as a fuel. There are many other potential applica-

tions for lignin in higher-value products which should be investigated.

Various woods may be made readily digestible for ruminants using 

steaming methods described in the accompanying report. Also, the steamed wood 

may be easily separated into its three main components; i.e., cellulose, 

hemicellulose and lignin. The lignin may be removed in large quantities by 

extraction at room temperature with dilute alkali, while most of the hemicellu- 

loses are made water-soluble leaving a residue of cellulose suitable for animal 

feed. The water-soluble hemicelluloses could also be recovered and used for 

feed. Large quantities of biomass lignins could thus be made available from



such a process,yielding valuable products. Little work has been done on these 

lignins to date.

In this report, the lignins extracted from steamed aspen (Populus 

tremuloides), white birch <B . t u l a papyrtfera) and silver maple (.Acer sacchartnum) 

have been investigated for possible use as adhesives for particleboards.

Experimental

The chips used for preparing the small discs (thickness: 9 to 10 mm,

diameter: 5.0 cms) were commercial particleboard chips obtained from Sogefor

Ltd., Mont-Laurier, Québec. They were a mixture of spruce and pine, with 

spruce predominating. Particle size ranged from 50 to 80 mesh fines to 1/2-inch

slivers.

High-pressure Steaming of Wood

Thin shavings of aspen, birch or maple were steamed in a small autoclave 

at a temperature of about 235°C (435 psi) for three minutes. The pressure was 

then suddenly released by opening a ball valve. About 20 gms of wood could be 

steamed in one batch. The steamed wood was air-dried prior to extraction of

the lignin.

Extraction of Lignin from Steamed Wood

The air-dried, defibred steamed wood was extracted at room temperature

with 0 . «  NaOH solution at a liquor-to-wood ratio of about 20:1, with constant 

stirring for one hour.

The suspension was filtered and the residue washed with water until 

free of alkali. The lignin was precipitated by the addition of 10% HC1 with 

constant stirring. The precipitate could be easily centrifuged. The centrifugate 

was washed three times with distilled water, spread on a shallow-tray and 

allowed to air-dry. The dried lignin was then ground to a fine powder in a mortar



Preparation o f  Discs

From 14.0 to 15.0 g of chips were weighed and put into a small glass 

jar, the required amount of lignin powder was added, and the flask was rotated 

by hand for a few minutes. The lignin-coated chips were placed in an 

electrically-heated mold and pressed at 500 psi (3.44 MPa) at 400 F (204 C) 

for 5 minutes. The discs varied in thickness from 9.0 to 10.0 mm, with a 

diameter of 5.0 cm. The densities varied between 40 to 45 lbs/ft3 (0.64 to 

0.72 g/cm3). The internal strength of the samples was determined on one-square- 

inch samples (2.54 cm2) by the torsion-shear method of Shen and Carroll (1).

A cid i f ica t io n  of  Lignin

The lignin powder was suspended in water, and 0.100N H2SO4 was added 

and stirred to give the desired amount of acid, based on the weight of lignin. 

The suspension was then evaporated to dryness in a rotary evaporator (Biïchi

type) at 55°C, under vacuum.

Acid Spraying of Chips

The weighed chips were placed in a glass jar and sprayed with solutions 

of dilute sulphuric acid (5%, 2% and U  solutions v/v) with constant

rotation of the jar. The weight of acid sprayed was calculated to give, in 

most cases, final chip moisture of 10 to 12%. The sprayed chips were left in 

the jar overnight to obtain a uniform moisture distribution.

Results and Discussion

The hardwood biomass lignins obtained by the extraction procedure 

outlined above represent about 75% of the original wood lignin. They are brown 

powders, soluble in organic solvents such as methanol, ethanol, acetone and 

are water-insoluble. At a moisture content of about 3%, they begin to soften 

around 300°F (149°C). At 325°F (163°C), they flow and become sticky.



In all experiments, the amount of dry, powdered lignin used was 10% of 

the weight of o.d. wood chips.

As shown in Table A-l, it is possible to obtain appreciable bonding 

with all three hardwood lignins by using an acidic catalyst such as sulphuric 

acid, either incorporated into the dried lignin powder, or sprayed onto the 

wood chips from a solution of suitable concentration. It appears that the 

quantity of acid used is not critical. Similar results were obtained whether 

the lignin contained 2% or 5% H2S04 or whether the weight of acid sprayed onto 

the wood varied from 0.11 to 0.5%. The chip moisture level does not appear 

to be critical either.

The torque strength of these samples (a measure of the internal bond 

strength) is of the same magnitude as the strength of samples glued with an 

ammonia-base waste sulfite liquor (2 ) or of commercial particleboard samples

glued with a urea-formaldehyde adhesive (3).

All samples swelled excessively in cold water. An attempt was made to 

reduce swelling by adding 10% (w/w) of 37% formaldehyde solution to the 5%

H2S04 solution used for spraying the chips, which were then pressed under the 

conditions outlined above. These samples had a torque strength of about 100 in. 

lbs. (11.3 N.m.), but swelling was still high. A lignin sample was methylolated 

by dissolving in 0.5% NaOH solution, adding 5 mis of 37% formaldehyde solution 

and heating at 55°C for 3 hours, followed by precipitation with 10% HC1, 

centrifuging, washing and air-drying. This methylolated lignin gave no bonding 

at all after spraying the chips with 2% H2SO4 solution.

The use of a higher pressing temperature (450°F or 232°C) was not very

successful.

Conclusion

Indicat ions are that  i t  i s possible  to obtain f a i r l y  good bonding from



hardwood biomass lignins in making particleboards using an acid catalyst 

without adding any phenol-formaldehyde resin. The product, however, lacks

water resistance.
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TABLE A-l

k Source of 
1 i gnin

TORSION STRENGTH OF SAMPLES BONDED WITH THREE 
HARDWOOD LIGNINS USING H-SO,. AS CATALYST*

Chip Wt. of H^SO* Wt. of H2S0<* 
Moisture % in acidified lignin sprayed on wood

% o.d. lignin % o.d. wood
Torque

in.-lS>s. N.m

Steamed
I5 Aspen 6.0 5 60 6.8
■/ t-i O 13.8 0.40 80 . 9.0

F 10.0 5 60 6.8

6.4 2 70 7.9
17 11.2 0.23 60 6.8
58 11.5 0.11 70 7.9

Steamed
> Bi rch 12.0 0.57 60 6.8
)) 12.0 0.23 80 9.0

10.0 5 40 4.5

11.5 0.11 65 7.3

Steamed
Maple 10.0 5 70 7.9

> 12.0 0.23 80 9.0

12.0 0.57 65 7.3

mples were pressed at 400°F (204°C), 500 psi for 5 minutes using 10% lignin powder 
■ o.d. chips).


