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Introduction

Wood hydrolysis is the chemical reaction of the cellulosic components in wood
with water. Acid is required to catalyze the reaction. The smallest units,
or single links, derived from the cellulose chains by this reaction are sugar
molecules. As many as five distinct kinds of sugar molecules are commonly
obtained by hydrolysis of the carbohydrate material in wood. Glucose, which
has six carbon atoms in its molecule, is the predominant sugar obtained from
wood. Mannose, which also is a six-carbon sugar, is the second most common
sugar obtainable from softwoods and obtained in lesser amounts from hardwoods,
while xylose, a five-carbon sugar, occupies a comparable position of importance
for the hardwood species. The other two common sugars derived from wood are
galactose and arabinose. The carbohydrate materials in wood can be classi-
fied for hydrolysis purposes into two types--cellulose which is easily hydro-
lyzable and that which is resistant to hydrolysis. The easily hydrolyzable
material can yield all five types of sugar. The fraction that is difficult to
hydrolyze will yield largely glucose, with lesser amounts of mannose and xylose.

History

Braconnot in 1819 discovered that cellulose could be dissolved in concentrated
acid solutions and converted to sugar. Much research has been carried out
since then in attempts to develop economically sound processes for making sugar

1–Report originally published March 1955.

Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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from wood. A particularly active period occurred around the turn of the
century, when research and development work was in progress both in this coun-
try and in Europe. M. F. Ewen and G. H. Tomlinson are credited with develop-
ing a dilute sulfuric acid process which was used successfully in two corn-
mercial plants during the World War I era. One of the plants was located at
Georgetown, S. C., and the other at Fullerton, La . The "American proaess," as
this early hydrolysis method is now called, used a short reaction time in a
rotary a digester at a comparatively low temperature. As a result, the process
depended almost entirely on the easily hydrolyzable material for sugar pro-
duction. A low wood-sugar yield of about 22 percent resulted. The end pro-
duct at both plants was ethyl alcohol, each plant producing over 5,000 proof
gallons per day. The great demand for lumber depleted timber holdings rapidly,
causing a curtailment of the mill operations that furnished wood waste to the
hydrolysis Plants. The shortage of raw material and low blackstrap molasses
prices forced both plants to close soon after World' War I.

Wood hydrolysis received considerable attention in Europe during the period
between the Warld Wars I and II. From this era emerged two radically dif-
ferentprocesses that attained particular prominence in Germany during World
War II. One used 40 percent hydrochloric acid at atmospheric pressure in
expensive acid-resistant equipment. High acid requirements made acid recycling
imperative and contributed markedly to excessive plant costs. High product
quality and high sugar yield, however, were claimed to offset the high capital
investment and production costs,

The otherprocess, commonly known as the Scholler process, used dilute sul-
furic acid and steam pressures up to 200 pounds per square inch to promote the
hydrolysis reaction. It differed from the American process in that a station-
ary digester was used and many batches of acid liquor were passed through the
same charge. From 16 to 20 hours were required to complete the hydrolysis.
Sugar yields of 70 to 77 percent of the theoretical maximum were reported for
the Schoiler method of operation.

The Cliffs-Dow Chemical Company acquired the American rights to the Scholler
process in 1935 and conducted a pilot-plant evaluation of it at Marquette,
Mich. In 1943, at the request of the War Production Board, the Forest Pro-
ducts Laboratory began to reexamine dilute sulfuric acid hydrolysis, using
the pilot-plant facilities of the Cliffs-Day Chemical Company for the initial
investigations. With information acquired at this pilot plant along with
Scholler specifications, a full-scale demonstration wood-hydrolysis plant was
designed and built at Springfield, Oreg. This Government-sponsored plant was
not completed until after the end of World War II. Although the plant has
been in partial experimental operation, sufficient capital has not been avail-
able to modify it in order to bring it into full-scale production.
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Ea id Percolation Wood H drol sis Process

A rapid percolation process developed by the Forest Products Laboratory is
similar to the Scholler method of hydrolysis in that a dilute sulfuric acid
solution is percolated through wood chips or sawdust in a stationary digester.
It differs, however, in that, after an initial low-temperature hydrolysis per-
iod, the acid solution is pumped in continuously at the top and hydrolyzate
is removed at the bottom with no interruption until the hydrolysis is completed.
A brief description-of the rapid percolation process as used with the 60-
cubic-foot hydrolyzer of this Laboratory follows.

Wood waste in the form of sawdust, shavings, or chips is loaded into the
hydrolyzer. When filled, the hydrolyzer is temporarily capped and steam is

injected rapidly above the chip bed. This packs the bed and permits more wood
to be added. The procedure is usually repeated and, after a third filling,
the cap is bolted down securely.

Steam is admitted to the hydrolyzer again and allowed to pass through the bed
and out the bottom to remove air and heat the chips. After steam begins to
flow rapidly from the bottom vent, the valve on this line is closed and steam-
ing is continued until the charge reaches a temperature of 293° F. At this
point, the steaming operation is discontinued and the water and acid pumps
are started. A calculated quantity of hydrolysis liquor containing 2.5 per-
cent of acid is first injected to compensate for the diluting effect of the
condensate from the steaming operation and moisture in the wood. The compo-
site acid concentration inthe vessel is thus brought to 0.7 percent. The
acid pump then is readjusted to provide a 0.7 percent solution. The acid
solution enters the hydrolyzer at a constant rate calculated to give a 2.5:1
liquor•to-wood-ratio in the hydrolyzer in 45 minutes. The temperature of
this entering stream is held at 293° F. for 30 minutes and then is taken to
338° F. for the next 15 minutes.

After 4, minutes of elapsed time the hydrolyzate control valve is opened at, 
the bottom of the vessel and the takeoff rate is adjusted to make the liquor
level coincide with the chip-bed surface level in order to control the density
of the bed. The water pump is adjusted to give a hot acid-liquor flow rate
equal to 0.08 times, the weight of the dry charge per minute, and the acid pump

is adjusted to provide a 0.6 percent acid solution. The temperature of the
acid liquor is increased at the rate of l_3/14° F. per minute, so that after
a total elapsed time of 1 hour it is at the maximum of 365° F. By this time,
most of the low-temperature hydrolyzate has left the vessel and hydrolysis
of the resi stant cellulose is under way in the upper part of the chip bed.
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The high through-put rate is continued until the sugar content in the hy-
drolyzate stream reaches approximately 3 percent. At this time, the flow
rates are cut in half, and maintained thus until the sugar concentration
drops below 2 percent, when pumping of the acid is discontinued. Hydrol-
yzate removal continues until the liquor level in the hydrolyzer reaches a
point 10 to 12 inches below the surface of the chip bed. The blow-down valve
at the bottom of the vessel is then opened and the lignin residue, the solid
material left in the hydrolyzer, is discharged into the lignin receiver.

These conditions are particularly suitable for Douglas-fir wood and produce,
after 2-1/2 hours of operating time, a yield of sugar in the hydrolyzate equal
to 65 to 67 percent of the potential sugar in the wood. About 43 pounds of
sugar are obtained from 100 pounds of dry Douglas-fir wood, which has a po-
tential sugar yield of 65 percent. The sugar concentration of the composite
hydrolyzate obtained from Douglas-fir wood is roughly 5.5 percent. Douglas
fir sawdust high in bark has a potential sugar yield of 60 percent or less.
This does not seem to affect the sugar yield on the basis of the potential
sugar yield, but it does lower the sugar concentration of the composite hy-
drolyzate to a value below 5 percent.

Optimum operating conditions vary with wood species, particle size distribu-
tion, and overall charge composition; and suitable temperature schedules,
pumping rates, and holding times for various wood waste materials must be
determined empirically.

A Proposed Wood-Sugar Molasses Plant 

A flow diagram of a proposed wood-sugar molasses plant (fig. 1) illustrates
the hydrolysis equipment as well as the evaporation and neutralization equip-
ment needed to convert the hydrolyzate into a molasses product. This plant
could process 60 tons of wood (dry basis) per day in 3 hydrolyzers, each with
a capacity of 5 tons of wood. The starting time of each hydrolysis cycle
would be staggered in 1-0- to 2-hour intervals so that the weak hydrolyzate
from the last portion of one hydrolysis cycle could be flashed directly into
a second hydrolyzer and be used as the initial hydrolysis liquor for the cycle
just starting. Recycling of a portion of the hydrolyzate would affect heat,
acid, and lime economy. Four cycles per hydrolyzer, or a total of 12 cycles,
are possible each 24 hours in this equipment.

Table 1 lists the equipment needed for such a plant and approximate 1954
costs. The acid-resistant materials of construction markedly affect the cost
of much of the equipment. From these costs the following capital investment
can be calculated:
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The continual precipitation of solids from wood-sugar molasses is a fault that
is not common to blackstrap molasses. The sediment, which seems to form in
greater quantity in hardwood molasses, tends to plug drum openings, pipe lines,
and nozzles, and its physical nature is such that it entraps a significant
quantity of sugar. Some control of this problem can be effected by inexpensive
clarification methods at the molasses plant. Sediment formation is a progres-
E3iVe phenomenon that becomes more troublesome the longer the molasses is in
storage; therefore, if wood-sugar molasses is used within a month after pre-
pa.ration, any tendency for solids to precipitate should be negligible.

Complete removal of the precipitate-forming substances from the sugar, however,
would involve ion-exchange processing, which could add as much as 8 cents a
gallon to production costs in a 60-ton-per-day plant.

other U'se for Wood Su` r

Wood sugar can be converted into a host of chemical products. Some of the
various 7-bo cesses will be put to use whenever and wherever the economics is
sound. Two pulp mills in Canada and une in this country have for several years
been successfully fermenting and making ethyl alcohol from the wood sugars
present in their spent sulfite pulping liquors. This is possible because a
low-cost value can be assigned to these sugars, since they were formerly dis-
carded and created a pollution problem.

The cost of producing wood sugars by an acid hydrolysis process would be lower
if the lignin residue from the process had chemical value and could thus off-
set a part of the production costs. Lignin is a potential source of reactive
compounds that, if efficiently produced, could make this byproduct worth more
than as a fuel. When a practical method for producing reactive lignin or
lignin products is integrated with the hydrolysis of the cellulosic material
in wood, the, resulting process should have an important role in wood-waste
utilization.

Ethyl alcohol, which up to a few years ago, was produced entirely by fer-
mentation processes, is more and more produced by synthesis from petroleum
byproducts. Today only one major company still, makes alcohol by fermentation.
To make fermentation competitive, aC continuing supply of a low-cost fermentable
sugar is needed. Except during a national emergency, sugar from the hydrolysis
process carthot be considered for this use unless its cost is reduced by very
efficien use of the lignin and the nonfermentable sugars from the hydrolysis
process.

Butyric, acetic, and Lactic acids, butyl and isopropyl alcohols, and 2, 3-
butylerie glycol and glycerine are fermentation products that have been produced
experimentally from wood-sugar solutions, but none are now being produced from
this material on a commercial scale.

The development within recent years of a very efficient continuous yeast pro-
pagation process has made yeast production one of the more promising pos-
sibilities for wood sugar. Commercial plants in both this country and abroad
are so engaged. The plants in this country are operating on the wood sugars
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present in the spent liquors from sulfite pulping. The product, wach has
high proteinn and vitamin content,, is used largely for animal feed preparations.

The yeast pro cess converts efficiently both the 5- and 6-carbon sugars to an
insoluble protein materials that can be concentrated inexpensively in centrifuges
and with a minimum of processing can be made ready for mecrketing. This pro-
cols , woad be suitable for converting the entire sugar yield from a wood by-,
drolysis process; or it would afunction well as a secondary process to utilize
the unused sugars from a main operation such as an ethyl alcohol fermentation.

Crystalline sugar can beproduced from the hydrolyzate of the rapid percolation
process.; however, the nonsugar solids content of this material is high, and
the yield of sugar crystals is low unless the crystallization is preceded by
ion-exchange purification. It would be imperative that a crystallization pro-
cess for wood sugar be integrated with other processes that would use the by-
products efficiently:

rurfural and levulinic acid, which are derived, respectively, from pentose
and hexose sugars by acid hydrolysis, hold. much promise for becoming important
chemicals from wood, and research is currently in progress at this Laboratory
on processes for their production.

The lignin residue is an important byproduct of the wood-hydrolysis process)
since it is roughly equal to one-third the weight of the dry wood charge.
The most likely use for this material to date is as a fuel to produce .steam
for the process. After it is f flashed it the lignin receiver, the residue
contains approximately 60 percent moisture and 8,300 British thermal units
er pound on a moisture-free basis, and can furnish 	 60 percent of thep 

heat revaired for the entire wood-sugar molasses process.

Because of its apparent low reactivity the lignin residue from the rapid-e
percolation wood hydrolysis process has found no important chemical appli-
cation to, date; however, by the use of chemical techniques such as hydro-
genation or oxidation, it is quite possible that, in the not-too -distant
future, lignin will be the raw material for many important chemical compounds.



Table 1.--Estimated cost of a wood hydrolysis plant

with capacity of 60 tons per days.

Cost'

4 ton/hr. hogs, complete with pneumatic
conveyor

Bulldozer for log handling
1	 Cyclone separator, capacity 500 cu. ft.
3	 Chip receivers with strain gauge weighing

device, capacity 800 cu. ft.
Hydrolyzer vessel - 7 ft. dia. by 20 ft.

high) 200 lb. per sq . in. working pres-
sure -- Carbon steel clad with Everdur

Hydrolyzer blowdown valves, 8-inch diameter:
phosphorus bronze

Lignin receiver 12 ft. dia. by 14 ft. high
3	 Flash tanks 6 ft. dia. by 6 ft. high

Rydrolyzate blending tank 12 ft. dia.
14 ft. high, complete with mixer.

10	 1	 Sulfuric acid storage tank 8 ft. dia. by
20 ft. high

11 :	 1	 Water heater
12	 Flash condensers -- 135 sq. ft. each,
13	 1	 Water supply pump
14	 1	 : Water heater circulating pump
15	 2	 Concentrated acid supply pumps
16	 1	 Hydrolyzate settling tank 12 ft. dia. by

8 ft. high
17	 3	 Molasses settling tanks 12 ft. dia• by 12

ft. high complete with mixers
: Slurry and neutralizing tanks 5 ft. dia.,

by 5 ft. high, complete with mixers
Rotary filters -- 50 sq . ft. each

3	 : Calandria type evaporators, complete with
vacuum equipment and pumps

Circulating filter pump

2
3
4

7
8
9

18

19
20

21

86,400

30,000
3,600
3,500

3,200

1,900
1,400
2,700
3,700

900
2,200

2 200

000

1 500
15000

201,000
400

): $ 6o 000
):
):

Total installed plank cost x+23,600

7A11 costs -- 1954 level (Engineering News•Record Index-550)
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Figure 1.-,A wood-sugar molasses plant processing 60 tons of dry wood per
24 hours. All quantities in pounds per 24 hours.



SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE
FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin.

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

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

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of .Wood

List of publications on
Structural Sandwich,
Plastic Laminates, and
Wood-Base Aircraft
Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers
of Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in sub-
ject, no single list is issued. Instead a list is made up for each
Laboratory division. Twice a year, December 31 and June 30, a
list is made up showing new reports for the previous 6 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 mailing list can keep up to date
on Forest Products Laboratory publications. Each subject list
carries descriptions of all other subject lists.
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