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INTRO DIJOTI ON 

An opinion, gener11y held by the public, is 

that one of the most outstanding characteristics of the 

American lumberman is poor and wasteful utilization of 

his raw material. Basis for this opinion comes largely from 

the comparison of the reports of very thorough utilization 

of forests in the European countries, and the frequent and 

colorful stories of old-time 4merican logging when our 

forests were razed, looted and permanently spoiled for the 

sake of a comparatively few fine specimens; or merely 

casual, personal observation of local logging and mill- 

ing practices. 

One cannot deny that actual use of the wood sub- 

stance in this country is very low C estimates run from 12 

to 35 per cent utilization). But the present practices 

can be stoutly and justly defended. 

In the first place, the estimates given are based upon 

actual conversion of the entire tree C roots, stem, and 

limbs ) into boards. í'.1most one-third of the total waste 

is material left in the woods in the form of limbs, stumps, 



tops, broken logs, etc. The rest of the waste occurs at 

the mill in the form of sawdust, planer shavings, edgings, 

slabs, and the like. 

The farmer is not condemmed because he discards 

and usually wastes the larger volume percentage of a 

corn crop. Neither is the gold miner condemned and yet 

he actually converts only a fraction of his total raw 

material into a marketable commodity; in contrast to 

the above examples, the timberman probably utilizes a 

lar)er percentage of his raw material than most conversion 

industries. Sawdust may be either sold or used at the 

plant for fuel. Edgings and slabs are also sold for fuel 

purposes. Large waste pieces are either used for fuel or 

segregated for further re-manufacture. 

The amount of material left in the woods is directly 

influenced by product value; i.e., the limits of util- 

ization are established by economics. It is because of 

the tremendously high local value of wood products that 

European countries are able to support such practices as 

grubbing out stumps or gathering the limb faggots. 

Therefore, the problem of the utilization of wood 

substances restricts itself to the ouestion of efficiency 

of use, rather than amount of use. In other words, al- 

though a large percentage of a log is now utilized as fuel 

in the form of sawdust or slab wood, is there not some 

was in which this material may be used so that it will 

bring a higher economic return? 



In the past several years there has been a widespread 

acceptance of plastics and kindred materials by the general 

public. In fact, the manufacturers of plastics have found 

it most difficult to keep step with the public's acceptance 

or expectations of their products. i'Iarket demand for ven- 

eers, plywood, wall board, block flooring, etc. is constant- 

ly increasing. 

All of these products are tangible examples of the 

utilization of "waste" wood. 

n outstanding example of this sort is that of the 

wallboard now being marketed. undEr the trade name "Mas- 

onite". The process of manufacturing this material was 

perfected through research into the problem of using the 

scrap waste of a hardwood miii at Laurel, MiSsisSippi. 

The process has been so successful that the wood waste 

originally used could not be obtained in sufficient quan- 

tity and as a result, the whole log is now chipped and 

used by the manufacturer just for "Masonite". 

The single Laurel, Mississippi plant now has an annual 

productive capacity of over 400 million square feet of 

finished material, and several "Masonite" plants are now 

operating in foreign countries. 

The Masonite Corporation, by further research, is 

now producing about 75 tons of sugar per day as a by-° 

product of this-originally-intended-by-product. Only 

the finest hardwood logs are reserved for the manufacture 



of lumber. 

nother step in the direction of efficient utilization 

is exemplified by a small sawmill located in ugene, Ore- 

gon which mnu.factures short length, small dimension lumber 

from the cores of plywood peeler logs. The cores are obtained 

from a nearby plyood plant which was previously faced with 

the problem of disposing of these peeler cores on sn already 

glutted fuel market. 

Cellulose is one of the most abundant raw materials 

in the world. To date, chemists have not been able to 

completely unlock the mysteries of its construction. They 

know that basically it is a hydro-carbon compound and can 

thus be identified with coal and petroleum, Such advances 

as have been made so far in using cellulose as chemical 

base for plastics, sugars, etc., have been of an empirical 

nature, that is, more or less hap-hazard experiments and 

the observation of results. However, it is felt by many 

chemists now working in this field that the solution r1ay 

be near at hand. And once the structure of the cellulose 

molecule is determined, even more products and chemical 

compounds will be made available than can now be provided 

by either petroleum or coal. 

If this is true, and since wood is the cheapest and 

most abundant source of cellulose known, is it presuming too 

much to aiticipate the day when cellulose will become one 

of the most valuable resources of the world? Is it too great 

a hazard to forward the prediction that lumber may event- 



ually become a by-product of our forests? 

Because the field of wood substance utilizetion is 

so dynamic, the writer cannot hope that this cornpi1tion will 

have any but a transitory value. Products and methods des- 

cribed as new today may be outmoded tomorrow. 

The writer makes no claim of being a scientist or 

of attempting to present a scientific paper. But instead, he 

has tried to present what he considers to be the important 

new products and processes in as simple a manner as possible. 

He feels that if use of this paper by on-coming 

forestry students makes their work easier, all his labors 

will be justified. 
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PHY3ICAL UTILIZATION OF JOO) 

I. Briquettes 

A. Nood 1aste Briquettes 

In the past several decades many attempts have 

been made to use sawdust, shavings, hogged mill refuse 

and other offel in the manufacture of compressed fuel 

forms known as briquettes. Most of these attempts have 

been only partially successful, usually because the cost 

of manufacture has been too high. 

However, one of the more outstanding success- 

ful processes of wood briauetting is that developed by a 

Lewiston, Idaho company. Their product is now marketed 

under the name of "Presto Log". 

The process has furnished a thoroughly practical 

outlet for mill and planer wastes whenever these wastes 

may be effeciently collected at a central plant. 

The process of briquetting is as follows: 

1. waste wood material is forced into hesvy 

cylinders. The present briquetting machines are 
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composed of a large wheel in which these cylinders 

are located, each surrounded by a water jacket 
for 

cooling purposes. 

2. Pressing screw exerts a pressure of app- 

roximately 165,000 pounds on the waste substance. 

Pressure is maintained for about twenty minutes. 

3. Cylinders are cooled. 
ri 

4. Briquettes are ejected. 

These briquettes are peculiar in that no bonding 

agent is used. The enormous pressure and extreme temp- 

erature, which approaches 400 degrees F., is sufficient 

to cause a minor flow of lignin which in itself 
is cap- 

able of acting as the bonding agent. 

The finished product has a density of about 
three 

times the original wood material from which 
it is made. 

This gives the added convenience, besides cleanliness 

and freedom from ash which the manufacturer claims, 
of 

requiring a small amount of storage space. 

The single large difficulty which still con- 

fronts the manufacturer is the inability to 
use wood mat- 

erial which is not thoroughly dried since the steam gen- 

erated by the high temperature tends to breakdown 
the bind- 

ing action of the lignin. 

B. ood Charcoal Briquettes 

One of the chief deterents to the development 

of the iron and steel industry of the Northwest 
has been 

the scarcity of coking coal for blast furnace 
operations. 
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A recently patented process gives promise of removing 

this drawback. It is called the uzcka process. 

Using sawdust and other miliwaste as a source 

of raw material, the process is: 

1. Making charcoal of the wood waste by the 

carbonizing method. 

2. Mixing the charcoal with a binding agent 

derived from the wood tar, which is a by-product from 

the charcoal making process. 

3. Molding the mixture under high pressure and 

and heat into briquettes. 

4. Coking of briciuettes in a cokeoven, 

It is claimed that the process provides a material 

which is superior to coal coke for metalurgical processes. 

Also as by-products of the process, several wood 

chemicals ere obtained. These are chiefly pine oil, acet- 
13 

Ic acid, methanol, and acetate of lime. 

II Sawdust Utilization 

A. ewdust as an absorbent agent 

sawdust is used to a large extent as the absorb- 

ont material in butcher shops, packing houses, stables, etc. 

Absorbent agent of nitroglycerine in the manu- 

facture of dynamite. Not only does this serve in the cap- 

acity of an absorbent but it acts as the regulating agent 

which controls the strength of the explosive by absorbing 

definite amounts of nitroglycerine per unit volume. This 

is a quality peculiar to sawdust. In addition to these, 
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sawdust also reduces the danger of premature explosions by 

increasing the shock resistance of the nitroglycerine 

since the sawdust is a carbon carrier. 

!.bsorbant agent for soap and cleaners. 

B. Sawdust as a Fuel 

This is the most important present day use of 

sawdust. Most mills operate their machinery by burning 

this material. Where savdust is availeble at low cost many 

homes and offices are heated by sawdust burners. Hodgson 

estimates that by using sawdust as fuel over 200,000,000 

gallons of crude petroleum is being diverted to other uses 
16 

annually. 

C. Sawdust as an Insulating Material 

Althoug.h house insulation is not considered to 

be critically important in the Pacific Northwest, people 

living in other parts of the country where the climate is 

much more extreme, readily appreciate the advantage of 

proper house insulation. 

When sawdust is used as an insulating material, 

by being filled into the space between the studs of wails, 

joists of ceiling and floors, it simultantaneously performs 

the following functions: 

1. Prevents the formation of convection currents 

of air between the inner and outer walls. 

2. Retards, rather than stimulates, the advance 

of flames in the event of fire. 
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3. Lessens the possibility of rats and. mice 

between the walls. 

Although sawdust is not as efficient sn insul- 

ating material as some of the better known commercial insul- 

ators, it is true that it is probably the least expensive 

in the long run. Besides its economy, it is actually 

more efficient than some of the better known commercial 

brands. For instance, a table released by the National 

Bureau of Standards, Vashington, D.C., shows sawdust one 

inch thick to have an insulating capacity that is equiva- 

lent to 1.39 inches of asbestos paper. 

The chief disadvantage of using sawdust for insul- 

ating material is the messiness which occurs while it is 

being placed between the walls. 

it is widely used for building insulation pur- 

poses in Europe and offers interesting market possibilities 

in this country if it becomes well enough propagandized. 

D. Sawdust Used for Further Manufacture 

Processes have been developed whereby sawdust is 

used as a raw material base in the further manufacture of 

formaldehyde, methanol, ethyl alcohol, wood flour, etc. 

C These are discussed at greater length under ' Chemical 

Utilization?.) 

E. Sawdust-Cement Mortars 

The use of sawdust or ground wood as an agreg. ate 

with various binding materials such as pottery clay, lime, 
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plaster of paris, or cement is very old and recently attempts 

have been made to use it with such materials as Portland 
14 

cement and plasters for stucco construction. 

3uch binders when mixed with sawdust have the 

following advantages: 

1. Lower thermal conductivity. This quality 

in the material makes it favorable for use in chicken 

houses and dairy barns by overcoming the coldness of 

ordinary concrete floors which sometimes results in 

injury to the chickens or to the milch cows. 

2. Greater resistance to settling and vibration. 

3. 1'Iill permit nailing. 

4. Much less weight per uñit volume. 

5. Less expensive. 

The disadvantages of such sawdust-cement nortars are: 

1. Less strength. 

2. Not water resistant and in time will tend to 

crumble in moist climates. 

At the present time experiments are being carried 

on et the Forest Products Laboratory at Oregon State College, 

wherein sawdust is bonded by various agents including the 

water resistant p1sticizers used in plastics and plywoods. 

F. Minor Uses of Sawdust 

Lawdust is used as packing material material for 

fruits. The outlet is already fairly well established and 

it is doubtful if there will be any pronounced increase of 

demand to fill these needs. However, it is an important 



7 

outlet for sawdust which might otherwise be wasted. For 

instance, the state of California elone uses over 4,000 

tons of sawdust annually for the packing of grapes. 

Sawdust uses extend into small but consistant 

markets such as stuffing for dolls, furniture, and cheap 

mattresses. 

III Plywood and Veneer 

The repid development of veneers and plywood in 

the past thirty years and the equally rapid advance in meth- 

ods of manufacture today, make this one of the most prom- 

ising of all, in the general field of efficient wood util- 

ization. 

The three methods of making veneer, namely, by 

rotary lathe, by which about 95% of all veneer is made, 

slicing, and sawing are well known and no attempt will be 

made here to describe them in detail. But the writer would 

like to take this opportunity to distinguish the difference 

between the conirrionly mis-used terms 'Plywood' and 'Veneer'. 

Veneer is an individual sheet of wood. Plyvvood, on the other 

hand, is composed of two or more sheets of veneer whose sur- 

faces are glued or bonded toether to form a solid piece. 

Some advantages of wood being used as veneer and 

plywood instead of boards are: 

1. oods of beautiful color marking can be cut 

very thin and bonded to an inexpensive base. This permits 

matching of design as is so often seen on furniture 

cabinets as well as the obvious advantge of lowering 



the cost. Another advantage of such a praQtice is that 

beautiful but low-strength wood may be glued to stronger 

woods. 

2. Degree of utilization is much higher since 

the saw kerf is eliminated. As much as 95 percent of 

a good grade log can be used in plywood manufacture 

compared with a better-than-average utilization of 75 

percent in board manufacture. 

3. Plywood, by having longitudinal grain run- 

fling in both directions, possesses great stiffness and 

uniformity of strength. 

4. Plywood can be manufactured in alimost any 

size up to 4' by 10' and allinost any thickness. The 

cost of sawed boards, even if they could be obtained 

would prohibit their use, 

Progress in the process of plywood manufacture is 

mainly dependent upon the chemist's progress in the field of 

adhesives. The fact that the use of plywood is constantly 

increasing must be credited alimost entirely to them. There- 

fore, as it affects wood utilization, a brief review of 

gluing methods and materials is appropriate. 

L The oldest of the various adhesives, and still 

being used in the manufacture of plywood for interior 

use, is blood albumen. This is set under heat and pres- 

sure and forms . joint that is resistant to cold water 

but delaminates in hot water. 

2. Vegetable starches are the most inexpensive 

of the adhesives used but their chief disadvantage lies 



in the fact that they are not at all moisture resistant. 

3. Urea and Phenol formaldehyde resins are the 

most recently developed of all the plywood adhesives. 

When they are used, the veneer wheets are coated with 

the adhesive agent in either a liquid or powder form. 

The sheets are then placed in a device which exerts both 

heat and pressure to the plywood panel. The Urea or 

Phenol formaldehyde resins then, instead of acting as 

true adhesives, actually become plasticizers and cause 

the wood lignin to flow and thus actually "welds' the 

veneers into a sinle homogeneous mass. Plywood made by 

this method is water proof under all conditions and 

resists most chemical action. 

In thield of hot pressing, the most recent and 

most revolutionary development lies in the field of high 

frequency electrical apparatus and makes possible "hot press- 

ing" in an ordinary cold press. 

High frequency currents produced by equipment 

evolved from the field of radio, have been set to the task 

of setting glues, making it possible to produce laminated 

material of virtually any thickness, within the time cycle 

normally required for three ply stock. The theory of high 

frequency wood welding is based upon molecular agitation 

within the wood structure. The electric current oscillating 

back and forth at the rate of two million times a second 

along the moist glue line, produces terrific heat and the 

process of drying of glue setting takes place from inside 

the panel itself. By this method it is not necessary to 
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transmit heat from the press plates through the vcod. This 

becomes increasinly important as the thickness of the panel 

becomes greater. 
It may be of interest to note that this process of 

aluing gives promise of beine the solution whereby small 

timbers can be glued toether to form extremely large ones, 

since the clue line is just as strong or even stroner than 

the wood itself. 7ith the upsurge of smaller mills and the 

distant prospect of having very few large trees from which 

to cut these ti bers, investigations along this hue are 

already being undertaken. 

Uses of Veneer and Flywood 

A. Veneer 

The most important use of veneer, except to make 

up the sheets of plywood, is to face the more expensive or 

beautiful woods on stronger and iss expensive woods. some 

other uses are: 

here: 

i. Wrapping for novelties, cigars, etc. 
2. Berry and small fruit boxes. 

3. Battery separators. 
4. Ver.ietian blinds. 

13. Plywood 

There are many uses for plywood. A few are eiven 

1. As forni material for exterior decorative con- 

crete. In this case the plywood is oiled prior to 

pouring the concrete. Its chief advantages are: 

a. relatively inexpensive 

11 
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b. lower grout and mortar loss 

c. rapidity of placement 

d. can be bent into artistic curves 

e. lower grout, sanding, and finishing 

costs on concrete. 

2. Exterior material for homes of modern 

design and business buildings. 

3. Fre-fabricated houses and barracks. 

4. s boat skins. Recent investi;ations into 

the possibility of using these water proof plywoods 

for the small (lo to 20 tons) naval patrol boats, mine 

sweepers, and mosquito boats, would indicate that it is 

very satisfactory for this purpose. 

5. Plywood as structural arches. These are made 

by building the arches up to the necessary thickness 

through successive laminations of plywood. The final 

cost of these arches is less than equivalent arches 

built from steel, they are sufficiently strong, and 

much more easily handled by the workmen. It is quite 

possible that gluing by the high frequency method just 

described will lower the cost even more, 

6. Plywood. for airplane fusalage and propellers. 

Although airplanes were made from plywood many years 

ago, it has only been since the advent of the Urea or 

Phenol formaldehyde ( more commonly called 'plastic 

plywood?) that such procedure has been successful. 

Today most of the light training airplanes of the 

United State's are made from such material, and some 

foreign countries are even using 'plastic plywood' for 
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bombing and fighter airplanes. ome of the reasons 

for such plywood use are: 

a. light weight 

b. moderately high strength-weight ratios 

c. rapidity and simplicity of fabrication 

d. adaptability to widely varying shapes 

e. ability to resist deterioration through 

moisture absorbtion, weathering, rapid changes in 

temperature, attack by insects and micro-organisms. 

f. ability to resist distortion better, in 

some respects, than metal structures of equal 

weight and, in some cases of greater weight 

g. unusual smoothness of contour and 

freedom from the increased drag resulting from 

small projections such as rivets 

fire 

h. high, though not complete, resistance to 

i. resisant to corrOsion and to solvents 

such as fuels and lubricants 

j. low heat conductivity, with subsequent 

reduced tendency to icing 

k. a defree of non-resonance superior to 

most nietals, with consequent ability to "absorb" 
23 

vibration 

Considerable research has been carried on by a 

R. Decat, into the problem of using 'plastic 

plywood' for airplane propellers. In a recent writing 

he states, "By thermosetting, wood. can be bonded to 
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wood in such a manner that the bond is stronger than 

the wood. The product can be varnished, stained, and 

polished. Hardness can be built up to approach that 

of Durai or other aluminum alloys. It has high di- 

electric properties, resists the type of crystallization 

so often found in metals, end can be molded into any 

form. Pound for pound wood is almost as strong as 

aluminum or steel." 

Mr. Decat's method of making the wooden propellers 

is to build them up in laminations, so that when the 

layers of veneer are placed one over the other they 

form the shape of a propeller, and then impregnating 

the laminations with a phenol formaldehyde resin under 

350 degrees F. at 2200 pounds per square inch pressure. 

Basically this method is no different from making ort- 

dinary "hot press" plywood. 

From his experiments it was learned that water 

resistance is directly proportional to the quantity 

of resin used and the degree of impregnation; that 

by drawing out the air and water from the ood substance 

by means of a vacuem, the greatest degree of resin 

absortion was possible. 

It was determined that the amount of resin must 

not exceed 40 to 50 percent of the wood or the result- 

ant material will be very brittle; that strength can 

be controlled by regulation of the density of the 

material. 

The density of a single piece can be varied. This 
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fact is of tremendous advantage in the manufacture 

of propellers since they require a sturdy root and a 

3 

relatively light tip. Density of rnetal in a single 

piece cannot be controlled. 

Iv Small iiimension Stock 

The problems of finding a use for the small pieces 

of wood which occur during milling have been 
studied to 

quite an extent. To date, particularly in the Northvest, 

most of the small piece material is either 'hogged' for 

fuel or else burned as waste. Research is nowbeing carried 

on at Oreon State College to detemine: the degree of such 

waste and to discover possible methods of using 
such material. 

It will be our purpose here to merely list some items which 

are cow being manufactured from small dimension stock. 

A. Broom handles 

B. Mop sticks 

C. window rods 

D, Dowel material 

D. iio1dings 

F. atches arid toothpicks 

G. Wooden shoe soles 

E. Small box and crating material 

V Improved Logging and JIliling iviethods 

Improvement in the methods by which trees are her- 

vested affects the degree of utilization is 
two ways, namely, 

by lowering harvest costs, trees of poorer quality and small- 

er size may be used; secondly, improved harvest methods may 
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lower the amount of log breakage that normally occurs. 

The practice of skidding and yarding by diesel 
tractors and yarders has become more and more widespread 

in recent years. The reasons, as mentioned previously, are 

because of lower costs, less log damage, and less damage 

to the residual stand. lso tLe use of trucks to replace 

railroads and water as primary transportation aencies has 

been widely accepted because of lower costs,' improved mech- 

anical design of trucks, and greater flexibility. The item 

of initial costs is of extreme importance in sn&l1 operations. 

Of recent yeais several of the iarer timber com- 

panies have been experimenting with power driven saws for 

use in felling and bucking. There are several items which 

would seem to justify exen more eneral use. ome of these 

are: 

A. Since no underäut is needed whei; trees are felled 

with the Dower driven saw, more of the bottom log can be used. 

Fiuree released by the J. Neils Lumber Company, indicate an 

increased yield ranaing from i l-2 to 9 percent, deoending 

upon the size of the tree. hhen one considers that this salJ_ 

inris occurs in the bottom log, which is usually the finest 
log in a tree, the savina,s is considerable. 

B. Stumps can be cut much lower avoiding tractor hang- 

ups, making for easier yarding. 

C. Lower labor costs. A crew of two or three men can 
18 

easily fall as much as 8C,000 feet of pine timber a day. 

Naturally there are some disadvantages to the use 

of cower saws such as increased working, hazard from falling 
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limbs because of the noise, difficulty which occurs when 

moving the saw about in the woods, and the high initial 

investment. 

iviechanical advancements in milling machinery 

have increase the degree of utilization possible largely 

because of lowered milling costs and less actual waste, 

Several machine manufacturing companis have placed 

on the market within recent years, small band sawa, It is 

claimed that these bandsaws convert only about half as much 
16 

wood into sawdust as circular saws, 

The development of hiher speed cutting heads on 

planers and jointers have lowered costs because less time 

(labor) is required to run a given amount of lumber through 

the planer. They have increased the efficiency of utilization 

by generally improving the quality of the lumber. 

VI Bark 

Bark utilization of the past has been mostly 

confined to that of chemical extraction, and principally 

for the purpose of tannic acid extraction. 

Of late there has 'been considerable research into 

the physical utilization of bark. University of Washington 

Forest research department recently announced that work they 

have been carrying on in an attempt to use the bark of 

Douglas ir as cork material to replace natural bark, the 

imports of which have recently been largely curtailed 

because of the war situation, holds promise of being suc- 

I 
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The Redwood Lwnber.rnan's ssociation have also 

recently announced that they have developed a fabric-like 

meterial from the bark of the redwood tree. As much as 

50 percent of this "bark wool" may be substituted for real 

wool or cotton the the maiiufactue of cloth with highly 

satisfactory results. 
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CHEMICAL TJTILIZTION OF OOD 

Frobably there are few fields of chemical research 

that hold greater promise of startling advancement than the 

chemical utilization of wood. 

Dr. L.F. Hawley, ssistant Director, Forest Pro- 

ducts Laboratory, recently stated, "We may confidently ex- 

pect continuous Progress in the chemical utilization of 

waste wood. The chemical industries using cellulose as a 

raw meterial have developed very rapidly in the last few 

years and the opportunity seems good for wood cellulose to 

furnish an increasing proportion of this raw material. 

"Lignin chemistry is still in a very early stage 

of development nd the commercial utilization of lignin lies 

all in the future. e Should not be censored if we fore- 

tell that the eras of coal-tar chemistry and cellulose 

chemistry will be succeeded by an era of ligriin chemistry 

in which the forest will be called upon to furnish raw mat- 

erial for new chemical industries." 

There are three main divisions of chemical research 

in the field of wood substance utilization. They are: 
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1. Wood distillation 

2. Liollo-cellulose chemistry 

3. Lignin chemistry 

A. Wood Distillation 

The commercial distillation of vood was an expanding 

and very important industry in the United ßtates for many 

years. The principal stimulus to the growth of the industry 

was the distillation products of charcoal, acetic acid, and 

wood alcohol, However, the synthetic production of acetic 

acid and wood alcohol almost caused the industry to become 

extinct. 

In recent years wood distillation has revived to 

a large deree and promises to become aore important thn 

ever before. The reasons for the upswing of this industry 

are largely due to more complete and efficient methods of 

chemical extraction, revival of charcoal as an iron blast 

furnace fuel, and the great demand for the formaldehyde resins 

and furfural which can be produced by wood distillation. 

There are so many variables which enter into the 

processes of wood distillation that few definite statements 

concarLrtng methods and proaucts can be civen. Some of these 

variables are: 

1. Distillation at different temperature and 

pressures. For instance, experiments have shown that in the 

vacuum distillation of wood the yield of light tar was high, 

while the gas and chircoal yields were low, as compared with 

ordinary atmospheric distillation. Also, there was no exo- 
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thermie stage. However, if the vacuum distillation is carried 

out for a prolonged period the charcoal and gas yields were 

higher than usual, while the tar yields were much lover. 

2. The rate at which heat is applied makes a 

difference in the yields. If the heat is 

or too slowly, the charcoal product tends 

crurnby instead of hard and sonorous. 

3. The species of wood affects 

the obvious manner of yielding only those 

the species was originally composed. 

applied too rapidly 

to be soft and 

the products in 

products of which 

4. Density of the wood. 

5. Size of wood particles. 

6. ïvioisture content of wood. 

7. Schedule of heating. That is, whether the 

greatest amount of heat is anolied at the beginning or the 

ending, of the process. 

Distillatión by Carbonization 

Distillation of wood by the carbonization method 

is by far the most common. The process itself is probably 

one of the oldest chemical manufacturing enterprises of the 

world. V'ritings found during the excavation of King Minoa's 

temple describe the process in fair detail. These ancients 

carbonized the wood to obtain both charcoal and acids. 

It has been only during the last fifty years that 

thorough and precise research has been given the problems of 

wood distillation. But in spite of this research by far the 

greatest amount of wood distillation is done by methods which 
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have been known and practiced -for several hundred years. 

It has been demonstrated that very good charcoal 

and charcoal brinuets can be made from sawdust, and at the 

present time there is at least one company actively engaged 

in making from sawdust very fine-looking charcoal bricuets 

suitable for use in the kitchens of Pullman dinning cars, 

to prevent freezing temperatures in cars used for the trans- 

continental shipment of fruits, for use in smelters and the 

metal welding, trades, and for p:eneral heating, purposes. 

One unit (200 cubic feet) of partly dry sawdust 

weighing 2658 pounds was put through the charcoal making 

process. The resultant products were: 

Charcoal 693 pounds 

Wet as 733 pounds 

Liht and heavy oils 250 pounds 
14 

ieter and acid 972 pounds 

The products left by the destructive distillation 

of wood are typical of the above for all woods, with the 

minor exceptions and variations vich occur from different 

species and variations of the distillation process. Although 

trees of the hardwood type are generally used in wood dist- 

illation, the only justification for such a practice is that 

the charcoal residue is usually harder, cleaner, and more 

adsorbant. 

The pyroligneous acid is treated further by fract- 

ional distillation to obtain oils of different weights, creo- 

sote, furfural, acetic acid, acetate of lime, and many other 

chemicals. 
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Closely associated with the destructive distill- 

ation of wood, as a chemical industry, is the production of 

Producer gas as a fuel. 

Several large transnort trucks, busses, small river 

boats, and even some ocean going vessels in Europe have been 

equipped with producer gas generators to save liquid fuel 

for more important uses. Most of the developments along 
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this line have taken place in France, Germany, and Italy. 

Gas produced in a gas generator from wood or charcoal 

consists mainly of carbon monoxide, carbon dioxide, hydrogen, 

hydrocarbons, and nitrogen. These gasses are produced by the 

carbon in the fuel combining with the oxygen of the air. This 

forms carbon dioxide, and a great deal of heat is released. 

In the reduction zone through which the gases pass from the 

fire zone to the outlet, the carbon dioxide passes through 

a bed of red hot coals (carbon) and carbon monoxide is formed. 

The water contained in the fuel is evaporated and 

dec000sed into hydrogen and oxy:en when it passes the layers 

of red hot coàl in the reduction zone. The oxygen forms 

more carbon monoxide. The hydrogen remains in the unconibined 

state. 

Gas of good nuality, produced from charcoal has the 

following approximate composition: 

Carbon monoxide 

Carbon dioxide 

Eydrogen 

Hydrocarbons 

Nitrogen 

30 percent 

2 percent 

lo percent 

O-2 percent 

56-58 percent 
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when wood is used as a fuel, the composition of 

the gas will average: 

Carbon monoxide 20 percent 

Carbon dioxide 11 percent 

Iydrogen 17 pe:cent 

Hydrocarbons 2 percent 

Nitrogen 50 percent 

Gases of the composition listed above niake an 

excellent fuel for internal combustion engines. However, 

as produced from wood contains some turpentine, tar, and 

acetic acid and these irapurities may have a disasterous 

effect on the materials used in the engine if the quantities 

are 1ar,e encuh. The percentage of these impurities or 

by-products depends upon the temperature prevalilng in the 

gas producer. The temperature varies considerably during 

opertion and is to a considerable degree dependent upon the 

skill of the operator. 

Charcoal does hot contain these impurities since 

they are eliminated in the carbonizing or charcoal-manufact- 

uring process. The best charcoal is obtained from hard- 

wood trees but wood from coniferous trees also gives fairly 

good coals. 

Jhen using either wood or charcoal as fuel in the 

producer, the size of the individual pieces must be limited 

to about two inches square. 

Rouahiy one gallon of easoline corresponds to 12.5 

pounds of charcoal and 20 pounds of wood. 

Jhen using, producer gas as a fuel in engines 
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oriina11y designed for gasoline consumption, a 40 percent 

decrease in power must be expected. This is due to the 

1oer calorific quality of producer as in compArison ith 

sohe. 

Several European manufactures are narketing pro- 

ducer a' generators which are deined for passenger cars 

and small trucks. These individual generators ,ill eih 

from 300 to 500 pounds. 

Although almost any engine designed to use asoline 

as a fuel can be made to operate successfully on producer 

gas, the folloving features of the engine are desirable: 

1. Rued design with liberally dimensioned 

bearings and parts to withstand the increased loads 

that result from an increase in the corripresion ratio. 

2. A comparatively low rotative speed. 

3. A lere piston displacement relative to the 

size of the vehicle. 

4. A wide range of spark timing, preferably 
20 

under hand control. 

The producer gas íenerator consists of: 

1. Gas producer 

2. The cooler 

3. Tb.e coarse or primary cleaner (a centrifiul de- 

vice) 

4. The fine cleaner (usually an oil washed filter) 

5. The mixer valve 

6. Sometimes the starting fan 

For starting the generator, ue is made of a 150- 
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200 watt electric fan to supply the air needed. In most 

cases, however, the engines are so designed that they can 

be operated on either gasoline or producer gas. when such 

is the case, the engine is usually started on gasoline and 

air suction trDnJi thr- crburntor u' ta iur'iing engine 

then supplies the air necessary to start the generation of 

suitable producer gas. 

Distillation of ood by steam 
q 

In distilling wood by steam, the chips, shavings, 

or other offal is moved by mechanical means through a 

chamber in which superheated steam is passing. ns the 

steam passes ( usually counter-current) through the chips 

it drives off some of the more volatile oils. The steam 

is then ccnensed end the oils extracted by fractional 

distill a t i on. 

The heavier oils and turpenes which are not carried 

off by the steam are then removed by washing in a solvent, 

usually benzine, and separated by fractional distillation. 

This process of wood distillation is seldom used 

because the principal products, turpentine and aromatic 

oils, can be more econoically obtained by direct tappin 

of the resinous pines. 

II LIollo-cellulose Chenistry 

The term hollo' cellulose is used to indicate the 

&:eneral gield of cellulose chei;try. It is in the field of 
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cellulose chemistry. It is in the field of hollo cellulose 

chemistry thet the most startling advancements have been 

made. 

The structure of the cellulose molecule has not 

been definitely determined as yet. But according to aost 

authorities, it probably consists entirely of chains of 

anhydrous units varyinr. in decrees of association ranin 

from a dense, crystalline acid-resistant fraction to one 

ths.t is amorphous and easily crystallized. WooJ and cotton 
lo 

cellulose seem to differ structurally. 

A. Paper 

By far the most important single use for wood 

cellulose to day is in the manufacture of paper. Because so 

much excellent literature is svailable on the subject we 

shall deal only with the principles involved. 

The chief problem in the manufacturing of paper 

is to separate the cellulose fibers hich are cemented to- 

gether :n the natural wood by a substance called lignin. 

Calcium bisuiphate is the chemical compound usually esiployed 

for this purpose. The function of the calcium bisulphite 

is to dissolve the lignin. The pulp is then washed with 

water and bleached. The bleached material is poured upon 

one end of a moving screen, made, of wire cloth, which acts as 

a filter and allows the water to drain through it, leaving 

the cellulose fibers enmeshed in the form of a wet, tUick 

sheet of raw paper. This sheet passes between two laree 

cylinders which are heated by steam and exerting great 

pressure to remove the water. It then passes aain over 



several steam heated 

substances are added 

properties. The mat 

texture, weight, and 

de s i red. 

rolls and completely dried. any 

to the pulp to produce paper of special 

erial added depends upon the desired color, 

degree of opacity, or other properties 

The disposal of the waste liquors from pulp 

manufacturing establishments is a sore problem today. In 

the past these liquors have usually been released into 

some nearby stream or river. The problem is serious because 

the strong sulphurous liquors are lethal in their reaction 

to many of the plants and small water animals. In addition 

to the poisons let loose in the stream, the lignin, which has 

been dissolved, combines the dissolved oxygen in the water 

end actually causes the fish to "drown". 

Research into this problem has been in progress for 

several years. One of the fundamental accomplishments of 

this research has been to segregate the major components of 

sulphite liquor and theìeby make available for the first time 

a large tonnage of lignin as a new organic raw materiel a.t 

low cost and in most favorable farra for commercial uses. 

t present one of the basic products recovered is 

a calcium lignin suiphonate which is further processed to 

make lignin plastic products. It is expected that ultimately 

this product will be carable of being used for positive, in- 

jection, and impact molding. 

One paper company which has been doing a great deal of 

research along this line, now markets a "laminating sheet" 

which consists basically of a natural wood fibrous material 
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much like Firtex) to which is added an excess of 1inin. 

The 1inin acts as the p1asticizin: agent and under pressure 

and heat the mass is formed into sheets which can be made 

to vary from .226 inches to 2 inches in thickness. 

Another paper company is carrying on experiments 

to determine the feasibility of usina these waste liauors 

for fertilizer. They have had some gratifying results 

when the liquors were used on soils of 
the proper Ph qual- 

ity. 

B, Plastics 

Perhaps the most fsscinatin of all the uses for 

wood lies in the field of plastics. Pew fields of commercial 

endeavor can equal the phenomenal expansion 
that the plastic 

manufacturers have experienced in the past twelve years. it 

is now possible to obtain plastics which are more trans- 

parent than class, plastics which are 
liehter than aluminum, 

plastics which can be sprayed like paint, 
plastic cordac'e 

with the tensile strength of steel, plastics 
which will out 

wear steel, plastics with rubber-like 
properties, plastics 
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thin as tissue, and plsstics finer than 
silk. 

A great deal of credit for the startling 
develop- 

ment of the plastic industry must go to the physicist and 

the mechanical enineer. It is they who have developed the 

machines capable of exerting pressures 
as hi:h as 35,000 

pounds per square inch, the quick cooling, flash heating, 

injection chambers, etc., without which the 
making of 

modern plastics would be impossible. 
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Princioles of Plastics 

The entire principle of plastics lies in the 

phenomenon known es polymerization. 
Polymerization is the 

action whereby the molecules of 
a substance chane ( in the 

case of plastics this chance occurs 
under heat and pressure) 

from single molecules to a substance of molecules, 
now compound, 

much larger in size. In sorne plastics the size of the mol- 

ecules increase more than a 
thousand times. 

Types of plastics 

There are two main types of plastics, 
namely, thernio- 

plastic and thermo-setting. 

Thermoplastics are those plastics which are 
capable 

of changing form under the 
effects of heat and pressure, become 

firm and hard when cooled, 
but will change form again if 

heat 

and pressure is re-applied. Ordinary glass is an exaiple of 

a thermoplastic. 

Thermosetting plastics are those 
which, once being 

shaped under the effects of 
heat and pressure, retain this 

shape permenantly even if heat 
and pressure is re-applied. 

Pottery clay is one of the more commonly known 
thermosetting 

plastics. 

Contrary to coi:mon belief, there are few plastics 

on the market today which are 
dependent upon wood. The 

greatest amount of plastic material 
is a cellulose acetete 

compound but the cellulose 
in most cases is obtained from 

cotton. Vood cellilose is entirely satisfactory 
for this 

purpose but extraction and 
purification of the alpha cellu- 

lose component C the frection used) is more expensive than 
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alpha-cellulose from cotton. 

Persistent research has decreased this cost differ- 

ence to a large extent (today alpha cellulose from wood costs 

about :llo per ton, from cotton about 95) and those persons 

carrying on the research are optimistic about being able to 

eventually produce alpha cellulose from wood at less cost 

than it can be produced from cotton. 

Nevertheless, wood plays an important part in plas- 

tic manufacture today. The most inexpensive plastics such as 

casters, soap dishes, etc., and usually made from wood flower 

with furfural as a plasticizer or bonding agent. 

Furfural is obtained most economically from pentosan 

containing plant products (a pentosan is one of a class of 

complex carbohydrates which yield pentose, oneof the simple 

five-oxygen-atom sugars, upon hydrolysis). 

wood contains substantial cuantities of pentosans 

from which the furfural may be obtained. This is done by 

distillation of the residue resulting from the digestion of 

the pentosan-containing material with an acid such as sul- 

furic acid. 

wood flour-furfural plastics are always dark brown 

or black, and opaque. They have good water resistance, high 

strength, can be machined, and will take a good finish. 

Rayon 

Rayon, a name which is now used more or less gen- 

erally for artificial cloths, was one of the first true wood 

plastics made. There have been several recent improvements 
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in the making of rayon and there are several types now on 

the tnarket, but basically all of them are manufactured by 

the following process: 

1. Wood pulp is treated with a solution of caustic soda. 

2. The resulting alkali-cellulose is then shredded. 

3. Carbon bisuiphate is added to form cellulose xanthate 

"crumbstt. 

4. Xanthate crumbs are dissolved in a solution of 

sodium hydroxide. 

5. The resulting viscose solution is ripened in aging 

tanks. 

6. The liquid mixture is then forced through small 

openings in a platinum disk or nozzle into a bath of dilute 

sulphuric acid and sodium bisulphate. This bath acts as a 

reagent which causes the cellulose to again in 

solid state. 

7. Threads are gathered, twisted and washed. It is then 

ready for manufacture into fabrics. 

Cellophane is made in the same manner except that 

the viscose solution is extruded in the form of film rather 

than threads. 

Hydrolysis of Wood 

The tremendous rate at which we are now consuming 

our petroleum resources causes one to look ahead to the time 

when these supplies of gasoline will have been exhausted. 

This time will not come too soon, but since the supply is a 

natural resource that is not being replenished, it cannot 
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last forever. Sooner or later our civilization must find 

new sources of these fuels or entirely different kinds of 

fuels that can be used for the same purposes. 

In Germany today, being faced with the problem of 

tremendous gasoline needs and no natural oil resources but 

ample coal, they are parially solving the problem by con- 

version of coal into gasoline and lubricating oils. This is 

done by the Bergius process. It is basically nothing more 

than the hydrogenation of coal at about 500 degrees tempera- 

ture and high pressures. The oil thus produced is fraction- 

ally distilled in the sanie manner that natural crude petro- 

leurn is distilled. But like petroleum itself, coal is also 

a natural resource and cannot serve as an everlasting source 

of fuel, 

0f all the possible substitutes which have been 

suggested for gasoline, none is more feasible than alcohol. 

Ethyl alcohol is usually produced by the fermenta- 

tion of simple sugars which have the empirical formula 

C6H1206. The fermentation process is catalyzed by substances 

called enzymes, which are produced by yeast cells. 

Cellulose has the empirical formula (C5ffio0s). 

Examination of this formula shows that the cellulose molecule 

differs from the simple sugar molecule by the amount H20, or 

one molecule of water. 

It is possible to force a molecule of vater to 

unite with a cèllulose molecule if enough pressure and heat 

is applied. As an example, the Masonite process consists of 

subjecting sawdust, chips, etc., to the very high pressure 
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of about 1000 pounds per square inch for an exceedingly short 

period, such as 10 seconds, and suddenly releasing the steam 

to atmospheric pressure. As a result, the wood is "exploded" 

into its constituent fibers, forming a pUiy mass which is 

then made into "boards" on a modified paper machine. Recently 

they have found that by removing the excess water before 

washing, a large amount of hexosans, pentosans, and other 

sugar-like products has been formed by hydrolysis (union of 

water with another compound) of the hemi cellulose and partial 

hydrolysis of the ligno-cellulose. The liquid is evaporated 

and the sugars removed. 

Hydrolysis of cellulose is greatly accelerated by 

the addition of an acid catalyst, usually sulphuric acid. 

It is upon the foregoing principle that two wood- 

hydrolysis industries have grown up in Europe. 

The Bergius process of wood hydrolysis is to force 

the chemical union of water and cellulose in the presence of 

a concentrated hydrochloric acid catalyst. About 30% of the 

resulting sugars are recovered and the residue, consisting 

of sugars of ligno-celiulose and others is used as fodder 

for cattle. 

Recent reports from Germany, where the process has 

been widely developed, indicate that the "sawdust fodder", 

although not as good a natural hay, will supply enough essen- 

tial food elements to be quite satisfactory. 

By the Scholler-Fornest hydrolysis process, the 

catalyst used is dilute sulphuric acid (about one-half of 

one percent concentration). 
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Considerably more of the cellulose is converted 

into sugar by this method than by the Bergius method. The 

residue is usually air-dried and then burned for fuel. 

In both cases the sugars formed are fed to yeast 

cells, which convert them into ethyl (grain) alcohol and 

carbon dioxide. 

The manufacturers claim that almost 70 gallons of 

95% alcohol can be recovered per ton of dry soft wood waste. 

The alcohoi,so it is claimed, can be produced for 10.1 cents 

per gallon. However, one must not lose sight of the fact 

that the abnormally low-cost figures were released from 0-er- 

many, and the peculiar economics structure of that country 

undistorted interpretation of the figures rather difficult. 

Nevertheless, Germany feèls the process is worth 

while and hundreds of thousands of gallons of alcohol are 

now produced annually. 

Mr. W. C. Mclndoe, in his study of wood wastes for 

alcohol production in the western states, says that by the 

l3ergius process the potential supply of alcohol from wood 

wastes in the Pacific Northwest would amount to 1,553,395,000 

gallons per year 
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MANUFACTURERS AND DISTRI8UTORS 
BLEACHED AND UN BLEACHED SULPHITE FIBRE 

MILLS AT r LONOVIEW, WASHINGTON 
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RCH DEPARTMENT MARCH 4, 1942 

MR. CLARENCE E. RUTHERFORD 
853 HARRISON STREET 
CORVALLIS, OREGON 

DEAR Sie: 

YOUR LETTER OF FEBRUARY 13TH WAS REFERRED TO THE IVRITER. 

PLEASE ADDRESS REPLY TO 
LONGVIEW, WASHINGTON 

WHILE IT IS TRUE THAT A WOOD FLOUR FREE FROM PITCH OR RESIN IS GENERALLY 
CONSIDERED BETTER AS A BONDING MATERIAL IN PLASTICS, WE DO NOT KNOW OF 
ANY CASES WHERE ANY ATTEMPTS HAVE BEEN MADE TO REMOVE THIS PITCH OR RESIN 
FROM COMMERCIAL WOOD FLOUR. 

TODAY, MOST OF THE WOOD FLOUR USED IN THE MAK ING OF PHENOL FORMALDEHYDE 
PLASTICS IS PRODUCED HERE ON THE WEST COAST BY GRINDING DRIED DOUGLAS 
FIR MILL WASTE TO THE PROPER DEGREE OF FINENESS, AND NO ATTEMPTS ARE 
MADE TO REII1OVE PITCH OR RESIN ALTHOUGH WE ARE QUITE CERTAIN THAT THE 
MANUFACTURERS WOULD NOT DELIBERATELY USE ANY WOOD CONTAINING LARGE RESIN 
POCKETS. THE REMOVAL OF THE RESIN CONTENT OF WOOD FLOUR WOULD BE A 

RATHER DIFFICULT AND EXPENSIVE JOB AND WE DOUBT IF IT WOULD SUFFICIENT- 
LY IMPROVE THE QUALITY OF THE WOOD FLOUR TO MAKE IT WORTHWHILE. 

THE OLEO RESINS WHICH ARE PRESENT IN DOUGLAS FIR ARE NOT AT ALL THE 
SAME AS THOSE OCCURRING IN SOUTHERN PINE. THERE ARE, OF COURSES 
'TERPENES AND RESIN ACIDS PRESENT IN THE OLEO RESIN FROM DOUGLAS FIR 
BUT THE TERPENES ARE NOT THE SAME AS THOSE OBTAINED FROM SOUTHERN PINE 
AND WE DOUBT IF THE YIELD OF THESE PRODUCTS FROM DOUGLAS FIR WOULD JUSTI- 
FY ATTEMPTS TO RECOVER THEM. 

YOURS VERY TRULY, 

R.S.HATCH:D DIRECTOR OF RESEARCH 
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ANDÄ OIL COMPANY OF CALIFOR 

STANDARD OIL BUILDING 

:ARCH & DEVELOPMENT DEPT. 
SAN FRANCISCO,CAL. 

I. A. IVALLORAN 
MANAGER 

ALOIS KREMSER February 25, 1911.2 

W. N. DAVIS 
ASSISTANT MANAGERS 

FILE RD 089.1 

Mr. Clarence E. Rutherford 

853 Harrison Street 
Corvallis Oregon 

Dear Mr. Rutherford: 

The Standard Oil. Company of California has no data from 

whIch we can give you any Information on the questions raised In your 

letter of February 13. 

It is quite possIble that, from the publicity given to the 

work done by the Standard Oil Company of New Jersey, you associated 

this activity with the Standard Oil Company of California. 

Yours very truly, 

STAI'DARD OIL COMPANY OF CALIFORNIA B1 
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ENGI NERING LABORATORY 

DEARSORN, MICHIGAN 
January 

7 

1942 

Mr. Clarence E. Rutherfoi. 
School of Forestry 
Oregon State Col) ege 

Corvallis, Oregon. 

Dear Mr. hutherford: 

Your letter of recent date, regarding plastics, 

has been received. 

Our plastic material is still only experimental 

and we therefore have no information available for 

distribution at this time. 

Thank you for your interest in our work. 

Yours very truly, 

R. Â. Boyci 
Research Department 
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