'WOOD-A SOURCE OF RAW MATERIAL
FOR CHEMICAL UTILIZATION

June 1961

No. 2224




WOOD--A SOURCE OF RAW MATFRIAL

1
FOR CHEMICAL UTILIZATION—

By
EDWARD G. LOCKE, Director

- 2
Forest Products Laboratory,™ Forest Service
U.8. Department of Agrieulture

Summary

More than 80 million tons of low-value wood could be made available annually
as raw material for conversion to organic chemicals. This material would be
avallable primarily as processing residues and harvesting residues. Data
(originally collected in 1952) are given for gquentities and types of residues
available by reglon in the United States.

Introduction

The forests of the United States offer a continuing supply of raw material to
the chemical industry. The 484 willion acres of commercial timberland in
continental United States represent one-fourth of the total land area--a con-
siderably larger area than that devoted to farm crops (l) These forest
areas are presently stocked with 860 billion cubic feet of wood, and produce
in net growth each year 22 billion cubic feet of timber. The cut in 1952
totaled 10.8 billion cubic feet of wood. While these values show that the
material cut from the forest was agbout half the annual growth, much of this

- growth was in small size timber. ‘The timber cut, however, was meinly from
the larger sizes. 'The quality of much of the growing stock 1s below the
standards needed for lumber and veneer, but is still satisfactory for proc-
esslng to chemlcals. '

1 ‘ v
~Presented at the American Institute of Chemical Engineers meeting in Atlantic
city, N, J., March 18, 1959.

gMaintained at Madison; Wis., in cooperation with the University of Wisconsin.

- éUnderlined numbers in parentheses refer to literature cited at the end of
this report.
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Utilization of Forest Resources

To 1llustrate the utilizaticon of the annual cut of forest resources, a materisl
belance in tons of wood substance would be most useful. The total timber input,
wood substance only excluding bark, approaches 204,100,000 tons annually. Bark
would increase thie figure by another 20 million tons. These figures, however,
represent only the timber cut, and do not take into account the cull timber
that wmust be removed from the stands being logged. Cull timber will usually
everage espproximately 10 percent of the total volume, although in sowme stands

it may run as high as 60 percent.

On the output side, the two main products, lumber and pulpwood, account for 52
million tons and 39 million tons, respectively. Fuelwood and wmill residues
used for fuel comprise the major remaining amount of material--56 million tons.
The unused logging and plant residues, which are of interest to the chemical
industry as a raw material, amount to 51 million tons. In addition to these
unused residues, approximately 31 million tons of wood are used mostly at a
low level, so their value is that of the replacement cost of fuel.

The magnitude of the annual harvest of forest resources can be demonstrated by
comparing the yield of 91 million tons of lumber and pulpwood, two major
products of the forest, with the 1956 steel output of 115 million tons. Or,
the annual production of 56.5 million tons of iron ore might be compared with
the 82 million tons of raw material avallable for chemical processing.

The wost lmportant factor in considering the utilization of the timber resource
is the great demand for high-quality timber for lumber, veneer, and products
meking use of wood in its natural form. Since wood used for these purposes

has the highest value, the highest quality wood will enter these markets. The
second claim on the timber source 1s that made by the pulp and paper industry,
which has less stringent requirements on the physical size and shape of the raw
material. The chief requisites for the fiber industry are that the wood 1s
dense and has fiber of high strength.

Utdlization of Residues

Still remaining is & large amount of material that has in the past been
classified as waste. It consists of two types, logging residues and processing
plant residues. The logging residues are the broken stem sections, tops,

limbs, thinnings, and cull trees that comprise a part of the yleld of every
forest. The plant residues are made up of the chippasble or coarse waterial,
such as slabs, edgings, trim, and veneer clippings, and the fine material, such
as sawdust and shavings. Utilization of these residues for purposes other than
fuel 1s one of the major problems of the timber dndustry. In table 1 are data
on the use of plant residues by regional scurce and type of use.
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Plant residues constitute a very large volume of wood, and contributing
generously to their total are the lumber and veneer industries. Table 2 pro-
vides an accounting of the total plant residues produced in the United States
in 1952. '

With the advent of mechanical and hydraulic barkers for sawlogs, more bark-free
material became avallable wlthout further drasin on the resource. Many

chippers have been installed at sawmllls and veneer plants for converting
glabs, edgings, trim, and veneer clippings to chips. Forty-three percent of
the raw materlal for pulpmills in the Pacific Northwest now comes from this
source (2). These installations also are spreading rapidly in the South, and
they now supply the raw material for 8 percent of the pulp produced there.
During 1957, chipping facilities in the South more than doubled, reaching a
total of 224 installations that produce the equivalent of 1.5 wmillion cords of
wood.

A recent investigation (é) into the weight of wood residue developed from the
sawing of 1,000 board feet of lumber reveals that these chippable residues

would approximate four-tenths of a ton of dry wood substance. Likewise, the
sawdust and shavings that result would amount to about six-tenths of a ton, and
this materilal is of particular interest to the chemical industry, since it has

no other major use except for fuel. In 1952, approximately three-fifths of the
total volume of plant residues was utilized in varlous ways, with the used portion
about equally divided between coarse and fine material. Information on used and
unused plant residues by regions 1s listed in table 3.

A recent report on the cost of chips from sswmill residues stated that an
electric furnace operation in the State of Oregon was purchasing this material
for $4.50 per ton of dry wood substance. This figure appears to be an average
value in wmany areas of the country.

By conventional methods of logging, the forest residue and cull material would
cost $8 to $14 per cord, which would be the price pald for chemical wood or
pulpwood. Portable chippers for woode operation, however, now are available
that handle material up to 18 inches in diameter. Chips can be loaded directly
into trucks hauling 10 tons of dry wood substance per load, and distances of
135 miles are not an uncommon truck haul. Rail hauls up to 250 miles are also
being made.

Chemical Composition of Wood

The two major groups of wood are the softwoods and the hardwoods. All species
in each group have approximately the same chemical composition, but the major
difference between the two is the smount of pentosan present in the hardwoods.
When converting wood substance to chemicals, the four major components to be

considered are hemicellulose, cellulose, lignin, and acetyl groups. A repre-
sentative analysis of a hardwood would be 25 percent of hemicellulose, L5 per-
cent of cellulose, 2% percent of lignin, and 7 percent of acetyl groups:. The
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composition of the hemicellulose is approximately 82 percent of pentosan,
mainly xylan, and 10 percent of mannan. A representative softwood would
contain 25 percent of hemicellulose, 42 percent of cellulose, 30 percent of
lignin, and 3 percent of acetyl groups. In this case, approximately 50 percent
of the hewmlcellulose 1s mannan, and only 10 percent is xylan. In both cases,
the cellulose is glucosan. '

For many chemical reactions, the hexosans of which there are three in wood,
glucosan, mannan, and galactan, generally resct in a similar fashion. The
pentosans, of which there are two, xylan and araban, likewise react similarly.
A fairly clean separation of the hemicellulose can be made from the cellulose
by a prehydrolysls. In chemical utilization, the hemicellulose might be con-
sidered as the easily hydrolyzable portion which can be removed at low temper-’
ature and low pressure by a mild acid hydrolysis. This fraction would aiso
contain the acetlc acid.

Another component of wood substance should be considered; namely, the extractives.
" The extractives will vary from a low figure of 1 to 2 percent in some species

to as high as 20 percent in the butt log of western larch, but generally are
found to be in the neighborhood of 3 to 5 percent. This is the material on

which the Naveal Stores industry, and particularly the tall oil and sulfate
“turpentine industry, which will be mentioned later, is based.

Cutlook for Chemical Utilization of Wood

One of the major points to be considered in determining the availability of

raw material ig that all timber stands, no matter how carefully managed, will
always produce a certain amount of materisl that can be used only for the chemi-
cal eomposition. This refers to an intensively managed timber stand in which
frequent timber stand improvement cuts must be made. Some of this material,

of course, would be available for fence posts and pulpwood, but a great deal
would be in the form that would not be satisfactory for these conventional uses.

One of the major areas of.the country that appears promising for the location
of chemical industry based on wood is the South, where much of the material is
in the form of low-grade hardwoods that should be removed from the timber
stands. GSome of this area will be replaced with pine, but much of it will
always remain in hardwoods.

Again, all processing of wood by the lumber industry produces about half of its
weight as a byproduct for further use. Consequently, the chemical utilization
of wood will serve the forest products industry as a useful management tool (L},
since material cannot be removed from the woods without a market. Likewilse, a
sawmill operetion 1s in a wuch better competltive position when it can market
the residues it has accumulated from the manufacture of lumber and veneer logs.
. Meny sawmill companies, in recent years, report that their net profit each year
was about equivalent to their income from the sale of chips.
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This introduces another subject; namely, the integrated utilization of our
forest resources (E)é). A growing tendency prevails among sawmill companies

to add veneer and plywood plants, board plants, and to enter the pulp and paper
field., Conversely, a growling tendency exists for the pulp and peper industry to
add sawmills, plywood plants, and board plants:. This integration, along with
the capital investment required in the pulp and paper industry, has caused the
more progressive couwpanies to acquire large areas of timberland, and to place
the timber stands thus acquired under a long-term, intensive, sustained yield
manageument plan.. A company with large tiwber holdings and with a large

capital investment will be a permanent operation, and will develop the raw
material supplies for a chemical industry.

The competition of wood in the construction industry is becoming greater each
year. With rising costs, more of the raw material brought into central proc-
essing plants must be converted to profitable products. Subsequently, lower
grade material can be brought in from the woods as a market for the plant
residues 1s developed. Here sgain, chemical utilization will play a vital role
in both rehabilitating our present timber stands and wmaking profitable the
operation of timber holdings.

Thus wood, a renewable resource of large magnitude, should, in the near future,

be the raw material for a large chemical industry based primarily upon the 70
percent of carbohydrate (Z) and the 25 percent of lignin which it .contains,
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(1)

(2)

(3)

(L)

(5)

(6)

(7)
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Table 1.--Plant residues by type of use, 1952

Region : Total used : Fuel : Fiber : Otheri

:+  Tons-~ ¢ Tons-- ¢ Tons-- Tons -~
: dry weight : dry weight : dry weight : dry weilght

North : 7,129,003 : 5,477,925 : ho,77h  : 1,608,303
South : 12,457,555 ¢ '11,5%6,941 . 198,075 : 722;558
West  : 14,080,623 : 11,869,965 : 1,433,407 : 777,250

l-Includes materials for cut stock, handles, brush, blocks,
chemical wodd, boxboard, particle board, floor cleaning
compound., wood floor, insulation, livestock bedding,
poultry litter, soil conditioner, metallurgical use.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest Products
laboratory, Madiscn 5, Wisconsin:

Liet of publications on List of publications on
Box and Crate Construction Fire Protection

end Packaging Data
List of publications on

List of publications on Logging, M1lling, and
Chemistry of Wood and Utilization of Timber
Derived Products Products

Iist of publications on List of publications on
Fungus Defects in Forest Pulp and Faper

Products and Decay in Trees
List of publications on

List of publications on Seasoning of Wood
Glue, Glued Products
and Veneer ‘List of publications on
Structural Sandwich, Plastic
List of publications on Laminates, and Wood-Base
Growth, Structure, and : Aircraft Cowponents

Tdentification of Wood
List of publications on

List of publications on Wood Flnishing
Mechanical Properties and
Structural Uses of Wood List of publications on
and Wood Products Wood Preservation

Partial 1ist of publications Partial list of publicatiocms
for Architects, Builders, for Furniture Manufacturers,
Engineers, and Retaill Woodworkers spnd Teachers of
Lumbermen Woodshop Practice

Note: Slnce Forest Products laboratory publications are so varied in subject
no single list is issued. Instead a list i1s made up for each Laboratory
division., Twice a year, December 31 and June 30, a list 1s made up
showing new reports for the previous six months. This is the only item
sent regularly to the Laboratory®s mailing list. Anyone who has asked
for and received the proper subject lists and who has had his name placed
on the malling list can keep up to date on Torest Products Iaboratory
rublications. Tach subject list carries descriptions of all other sub-
Ject lists,
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