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NOTICE

This report is an internal Forintek Canada Corp. ('Forintek') document, 
for release only by permission of Forintek. This distribution does not 
constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other than those agreed to by Forintek. 
Also, this report is not to be cited, in whole or in part, unless prior 
permission is secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its 
behalf, make any warranty, express or implied, or assume any legal 
responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the 
disclosed information would not infringe upon privately owned rights.
Any reference in this report to any specific commercial product, process 
or service by tradename, trademark, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek or any of its 
members.



TABLE OF CONTENTS

1.0 OBJECTIVES 1

2.0 BACKGROUND 1

3.0 PROGRESS TO DATE 2

4.0 RECOMMENDATIONS 4



1.0 OBJECTIVES

1. To determine how S02 catalyzes steam pretreatment (i.e., whether the SC>2 
acts directly as sulfurous acid, or indirectly as a precursor of the 
stronger lignosulfonic acid, and accordingly to adjust the process 
variables to best realize the catalytic effect).

2. To determine the effect of variables: temperature, time and S02
loading, for both aspenwood and sprucewood.

3. To determine the most practical and efficient way of converting SO-, 
(adsorbed in wood chips) into sulfuric acid (still inside the wood 
chips).

4. To determine the optimum S02 loading in the chips for conversion to the 
desired amount of sulfuric acid, and the best time and temperature of 
steaming to utilize the catalytic effect of this sulfuric acid.

5. To compare the response to S02~catalyzed steam pretreatment of the 
heartwood and sapwood of spruce.

2.0 BACKGROUND

Acid catalysis, in steam pretreatment of wood for subsequent enzymatic 
hydrolysis, permits the use of lower temperatures and shorter steaming times, 
and conserves hemicellulose. It is beneficial with hardwoods, and essential 
with softwoods. SC>2 appears to be the best catalyst. It is easier and faster
to introduce SO-, gas than it is to introduce dilute sulfuric acid.
Furthermore, the use of dilute sulfuric acid results in a greater steam 
consumption.

It has been established at Forintek, that S02 is not the actual catalyst, but 
is converted into sulfuric acid, preferably inside the wood. This conversion 
of S02 occurs either by oxidation or by disproportionation, or by both. The 
oxidation of S02 occurs readily in the presence of air or oxygen at
temperatures even below 100°C. Disproportionation occurs at higher steam
temperatures, in the absence of oxygen. In the case of disproportionation, 
the oxidation of S02 to sulfuric acid is balanced by an equivalent reduction 
of S02 to thiosulfate or, more likely, to elemental sulfur.
Disproportionation is therefore wasteful, with one-third or one-half of the 
S02 going to reduction products.

A greater amount of the S02, however, is lost by evaporation into the vapour 
phase, even if initially impregnated in the wood, and is released into the air
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on decompression. If liquid water is present in the gun, outside of the wood, 
some of the SC>2 is also lost as sulfuric acid in that water.

It is probable that the use of 1% of S02, or less, would be satisfactory, if 
converted to sulfuric acid in high yield in the wood. Furthermore, if this 
could be done at low pressure before introducing the wood to the high-pressure 
reactor or gun, the recycling of unconverted S02 would be relatively easy, and 
release of S02 to the environment would be avoided.

It is possible, because of the 4-fold greater moisture content of spruce 
sapwood as compared with spruce heartwood, that the pick-up of SC>2 and the 
response to the steam treatment would be different. It is also possible, that 
by increasing the concentration of bisulfite ions (which are the actual 
sulfonating agents in sulfite pulping) that the response would be altered.

3.0 PROGRESS TO DATE

The effects of the variables (treatment temperature, treatment time, and S02 
loading), on the steam treatment of sprucewood chips in a canister inside a 
steam gun, were examined in 3 series of treatments. In Series 1, temperature 
was varied from 190-230°C, at constant 2.5% S02 and constant 150s. In Series 
2, treatment time was varied from 50-250s, at constant 2.5% S02 and constant 
210°C. In Series 3, the S02 was varied from 0.5-7.0%, at constant 150s and 
constant 210°. The results showed that, in each series, as the severity was 
increased (i.e. with increasing temperature, time, or S02 loading), the 
recovery yield of whole steamed wood, and of the fractions WI (water- 
insolubles), WIA (alkali-washed WI ) , and WIA/H202 (H20.,-treated WIA) , all 
decreased substantially (especially in Series 1). Corresponding but smaller 
increases (with increasing severity) were found in the water-soluble fractions 
(WS), (30-33% of original wood in Series 2 & 3, and 30-38% in Series 1).

Analysis of the WS fractions showed that the content of glucose monomer 
increased steadily with increased severity until, in the most severe treatment 
of Series 1, it amounted to 15.4% of the weight of original wood or 30% of the 
original cellulose or other glucan (largely as a result of cellulose 
hydrolysis). The corresponding contents of xylose and mannose passed through 
maxima under relatively mild treatments, when all the hemicellulose had 
dissolved, and then decreased as a result of sugar decomposition. The 
contents of decomposition products, hydroxymethylfurfural (HMF) and furfural 
(F), increased with severity to 3.1 and 0.8% respectively under the most 
severe conditions of Series 1.

Analysis of the WI, WIA and WIA/H202 fractions showed that under even the 
mildest treatment conditions most of the xylan and glucomannan, but virtually 
none of the lignin or cellulose, became water-soluble. The WI fractions were 
therefore enriched in cellulose and lignin (as a result of decreasing base 
weight), although on an original wood basis these components were slightly
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reduced. With increasing severity, increasingly large amounts of cellulose 
became water-soluble. The cellulose content of the WI therefore decreased 
(both on a sample-weight basis and on an original-wood basis), while the 
lignin content increased (on a sample-weight basis). Alkali extraction of the 
WI fractions removed virtually no cellulose and only about 1/4 of the lignin, 
in marked contrast to the results obtained with aspenwood. The resulting WIA 
fractions, therefore, still retained relatively large lignin contents, which 
ranged upwards from 35 to 48% (sample-weight basis) with increasing severity 
of steam treatment, although on an original-wood basis they were practically 
constant at about 20% (Series 1 and 2).

In spite of the corresponding small enrichment in the cellulose contents (over 
those of the corresponding WI fractions), the rates and extents of enzymatic 
hydrolysis of the WIA fractions were all greatly reduced. The greatest 
reductions (of as much as 75%) were obtained with the best WI substrates, 
which had been produced by the most severe steam treatments. Oxidation of the 
WIA fractions with alkaline H202 further reduced the lignin contents, although 
by a much lesser amount (except when high S02 loadings had been used), without 
removing any cellulose. The resulting WIA/H202 fractions were substantially 
better substrates for enzymatic hydrolysis than were either the WI or the WIA 
substrates, the H202 oxidation having more than overcome the adverse effect of 
the alkali extraction. The rates and extents of hydrolysis of the WIA/H202 
fractions increased with steaming time and with S02 loading.

Factors affecting the conversion of S02 to sulfuric acid during S02~catalyzed 
high-pressure steam treatments of wood chips have been determined. The 
effects of varying S02 loading (from 0.5 to 5.0% of wood weight); of varying 
moisture content of wood chips; of varying amounts of oxygen (ranging from 
pure 02 filling the void volume of the canister or entire gun, to careful 
exclusion of all air by purging with steam and with N2 and long standing in 
N2); of varying S02/02 ratio; of varying treatment time and temperature; of 
varying the ratio of weight of S02~impregnated chips/void volume of canister 
or gun; of varying the method of S02 introduction (pre-imprégnâtion of chips 
with S02 before loading into gun, vs introduction of S02 as a small volume of 
saturated aqueous solution together with, but not in contact with, the chips); 
of varying the uniformity of S02 impregnation (e.g. uniform impregnation vs 
two chip beds, separated by a wire screen, one S02~impregnated and the other 
not impregnated); if replacing the S02-impregnated wood chips by S02 solutions 
of varying concentrations both in a loosely closed canister and in a tightly 
sealed bomb (both heated inside the steam gun) have all been examined.

Results show that at 200°C, for the reaction times likely to be used, 
substantial formation of sulfuric acid occurs, even in the absence of air (by 
disproportionation). In the presence of oxygen, a much more rapid oxidation 
to sulfuric acid occurs, even at much lower temperatures. In a loose chip bed 
sufficient air is present in and between the chips to oxidize, theoretically, 
an amount of S02 equivalent to approximately 0.75% of the dry chip weight and 
produce more than 1% of sulfuric acid. Complete utilization of this air was 
found only at higher S02 loadings, and, conversely, very high conversions of 
the S02 were found only at low S02 loadings. Consequently, although the total

3



weight of sulfuric acid produced rose with increasing S02 loading, the S02 
conversion, as a % of S02, decreased. At a 1.4% S02 loading in a canister 
(heated in the steam gun), exclusion of air by N2 reduced the amount of 
sulfuric acid produced to less than half, whereas replacement by pure 02 
raised it. In steam at 200°C, conversion of S02 to sulfuric acid was largely 
complete within the first 20s, after which the resulting sulfuric acid 
catalyzed the necessary hydrolysis, even if all remaining S02 were removed. 
Without exclusion of inter-chip air in a batch process, at the S02 loadings 
likely to be used, S02 does not migrate from impregnated to unimpregnated or 
less impregnated chips . Equilibrium diffusion is not possible in the short 
times involved, against inflowing steam.

In a batch process, similar to the Masonite Process, the amount of sulfuric 
acid produced depends to a significant extent on the amount of air introduced 
with the chips. If the chips have been pre-impregnated with S02, purging is 
not possible without driving off much of the S02.

4.0 RECOMMENDATIONS

Future work should include attempts to replace H202 oxidation by 02 or air 
bleaching to reduce cost, and possibly attempts to minimize lignin 
condensation by a little lignin sulfonation by means of an increased bisulfite 
ion concentration. The possibility of converting S02, inside the wood, 
quantitatively into sulfuric acid before introduction to the high temperature 
reactor, to reduce S02 consumption and eliminate its release to the 
environment, should be examined.
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