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ABSTRACT 

Analysis of extracted cottonwood shows the presence of lignin and 76.1% of 
cell-wall polysaccharides. The polysaccharides consist of cellulose (44.. lo%), 4-G 
methylglucuronoxylan (20-S%), and giucomannan (9.7%). Differential thermaI 
analysis and thermogravimetric analysis data show the relationship between the 
pyrolytic properties of the selected wood and its components. 

IKTRODUCTION 

Understanding of the chemicai reactions involved in pyrolysis and combustion 
of wood and wood products’ provides a lead for coping with the problems of fire and 
solid-waste disposal which are significant factors for the safety and quality of the 
environment. Theoretically, dehydration and charring prevent the rapid_ flaming, 
combustion, and fragmentation, and volatilization provides a method for converting 
the residues into useful chemicals. However, this type of information is di&ult to 
obtain directly with wood because of its chemical and physical inhomogeneity’ and 
the complexity of the pyrolytic reaction of its components. 

In this paper, the chemical composition of cottonwood and the pyrolytic prop- 
erties of its components have been investigated as a systematic approach for analyz- 
ing pyrolysis and related properties of the original natural product. 

Western cottonwood, Pojulus trichocarpa, which is selected as a low-grade 
hardwood, is found along the streams and rivers of the western United States. The 
chemical investigation of this species has been limited to certain commercial and 
bioiogical aspects3 - 5 and to the phenyl glucosides found in the bark”,‘. Some infor- 
mation also has been available on the polysaccharides of the related species Populus 
tremuloides and PopuIus grandidentata’. 

RESULTS AND DISCUSSION 

A heartwood sampie of the cottonwood was analyzed to provide the celi-wall 
polysaccharides and the other components shown in Table I. 

*Established through a grant from the Hoemer-Waldorf Corporation of Montana. 
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TABLE I 

COMPOSITION OF THE HEARTWOOD OF PopuIus trichocarpa 

Component Dry wood (%) Extracted wood (%) 

Benzene-alcohol (2~1) soluble 7.4 
Alcohol soluble 0.8 

TOTAL E3XRAClNES 8.2 

Klason &yin“ 31.9 
Cell-wall polysaccharides 76.1 

‘Includes acid decomposition products 

Hydrolysis of the polysaccharidesg (holocellulose component) to the sugars 

listed in Table II indicated the presence of cellulose, “xylan”, and “mannan”. 
Isolation ofthepolysaccharides by the procedure of Jones andco-workers8gavecellulose 
(42%), 4-0-methylglucuronoxylan (18%), and glucomannan (4.2%), based on the 
original wood substance. 

TABLE II 

ANALYSIS OF THE CELL-WALL POLYSACCHARIDES 

Sugar Holocellulose (%) 

‘LAnhydro-D-glucose” unit9 
“Anhycko-D-xylose” units= 
“Anhydro-D-mannose” unit9 
4-0-Methyl-D-glucuronic acidb 
AcetyI groupb 

64.4 
22.5 

6.4 
- 
- 

“Determined by analysis of the hydrolysis products. bBased on analysis of the functional groups. 

The holccellulose fraction was also extracted with methyl sulfoxide to give a 
small yield cf 0-acety140-methylglucuronoxylan’”. This was used for the deter- 
mination of acetyl groups, which are hydrolyzed under the alkaline condition of the 
systematic fractionation. Analysis of this product showed an acetyl content of 9.9%. 

Hydrolysis of the “xylan” and analysis of the hydrolyzate showed the presence 
of D-xylose and only a trace of D-glucose. However, as usual, no 4-O-methyl-n-glucu- 
ronic acid was detected. The presence of this component was ascertained through 
methoxyl determination of 4-O-methylglucuronoxylan’ ‘. This gave a value of 17.5% 
for the uranic acid residue in the acetylated “xylan”. On the basis of these data, the 
O-acetyl40-methylglucuronoxylan component contains an average of one uranic 
acid for each seven n-xylose residues, and approximately half of the D-xylose residues 
contain an acetyl group. 

The glucomannan, on hydrolysis, provided D-glucose and D-mannose in the 
ratio of 1:l. 
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Assuming that, on hydrolysis of the cell-wall polysaccharides (see Table II), all 
the D-xylose is derived from O-acetyl-CO-methylglucuronoxylan and the n-mannose 
is derived from the glucomannan fractions, the percentage of each polysaccharide may 
be calculated as shown in Table III. These data are in line with the general information 
available on hardwood xylans8 and the composition of the woods from arborescent 
angiospermsX2. 

TABLE III 

CELL-WALL POLYSACCHARIDES 

Cell-wallpolysaccharide 

Cellulose 
4-U-MethyIgIucuronoxylan 
Glucomannan 

HoIoceihdose (%) Wood (%> 

Calc. I.0 Iated Calc. Isolated 

58.0 54.7 44.1 41.6 
27.3 23.7 20.8 18.0 
12.8 5.5 9.7 4.2 

The thermal properties of cottonwood and its components were investigated 
by thermogravimetric analysis (t-g-a.) and differential thermal analysis (d.t.a.). The 
resulting thermograms are shown in Figs. 1 and 2. The t.g.a. curves (Fig. 1) indicate 
I he rate of volatilization and the amount of residue left as the temperature is increased, 
whereas the d.t.a. curves show the exothermic and endothermic processes involved in 
Ihe pyroIysis. Since K&on Iignin is condensed and altered under the drastic treatment 
with acid, it was augmented with milled-wood lignin which is much closer to the 
native material ’ 3. 

These data are further analyzed to show the nature of the chemical reactions 
which are involved in the pyroIysis of the individual polysaccharides and will be 

760 260 %io 4dG 500 

Temperature (degrees) 

Fig. I. Thermogratietric analysis of cottonwood and its components. 
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Fig. 2. DifferentiaI thermal anaIysis of cottonwood and its components. 

reported elsewhere. However, it should be noted here that the thermograms of cotton- 
wood reflect the thermal behavior of its major components, and the information that 
is obtained on these chemicals could be extrapolated, with confidence, to the original 
material Furthermore, these data show that, under the experimental conditions 
(uncatalyzed reactions), lignin is the major source of char, whereas the carbohydrates 
are the precursors of the volatile products (tar and gases). 

Analysis of the ground wood. - A sample from heartwood of a healthy cotton- 
wood tree was removed and ground in a Wiley mill to pass a 40-mesh screen. The 
ground wood was analyzed for the moisture content, extractives, and Klason lignin14 
by standard methods. The extracted wood meal (81.9 g, dry weight) was deligniCed 
with acidic sodium chlorite’ 5v1 6 to provide 62.3 g of holocellulose with 1.5% of 
residual lignin. 

Isolation of hemicelluloses. - The procedure of Jones et aZ.* was used for iso- 
lation of the hemiceliuloses. The holocelIul6se fraction (84.8 g) was extracted with 
24% aqueous potassium hydroxide. The extract was precipitated with acidic ethanol, 
dialyzed, and dried to pro-ide 4-O-methylglucuronoxylan as a whitepowder (20.1 g; ash 
content, 0.15%), @]h5 -78.3” (c 2.6,5% aqueous sodium hydroxide); lit.” [c&,-96 
to -61”. 

The residue was extracted with 17.5% aqueous sodium hydroxide containing 
4% of boric acid, and the extracted glucomannan was obtained as a white powder 
(4.7 g). The final residue was neutralized, washed, and dried to give cellulose (46.4 g). 

Analysis of the polysaccharides. - The cell-Jvall polysaccharides were hydrol- 
yzed, and the hydrolyzate was analyzed by g.1.c. by the method described by Laver 
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and co-workersg. The value for each sugar was corrected for the loss due to decom- 
position and addition of a water molecule during hydrolysis. The resulting data are 
given in Table II. 

Similar analysis of the cellulose fraction gave only D-glucose, and the mannan 
component gave D-glucose and D-mannose in a ratio of 1:l. 

Investigation of the “xyla~“. - The 4-0-methylglucuronoxylan fraction gave 
only D-xylose on hydrolysis. The percentage of 4-0-methyl-o-glucuronic acid residue 
(which is decomposed on hydrolysis) was determined from the methoxyl content 
(2.65%). 

Direct extraction of the holocellulose (100 g) with methyl sulfoxide gave a 
small amount (10.0 g) of 0-acetyl-4-0-methylglucuronoxylan (OAc, 9.87; OMe, 
2.84%). 

Dynamic thermal analysis. - The d.t.a. and t.g.a. data were obtained with a 
DuPont Model 900-950 thermal analyzer, programmed at the rate of lS”/min. The 
experiments were conducted in a nitrogen atmosphere by using silica beads as the 
reference and 5 mg of the ground wood or its components as the sample. For t.g.a. 
experiments, the gas flow was regulated at the rate of 100 ml/min. 
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