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EDITOR'S NOTE

This is the first information to be published on
the new process developed at the U. S. Forest
Products Laboratory for the production of molasses
from wood waste. By this FPL process the wood may
be converted to sugar by boiling with dilute acid
and evaporated to molasses for industrial purposes,
and for feeding of livestock.
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WOOD-SUGAR MOLASSES FROM WOOD WASTE1

By ELWIN E. HARRIS, Chemist Specialist

Recent work at the U. S. Forest Products Laboratory has been directed
toward the production of molasses from wood waste. A process has just been
developed at the Laboratory that yields from 150 to 190 gallons of molasses
from each ton of wood. In general, the process consists of converting wood
waste to sugar by pressure-cooking with dilute acid and subsequently
evaporating the resulting sugar solution to molasses.
The high yields of molasses obtained by this process should be of
particular interest to timber owners and lumber producers, for they may
offer an incentive for the use of wood waste as a source of sugar for stock
feed and industrial processes.
Blackstrap molasses, which is the final mother liquor remaining after
crystallization of sugar from the juice of the sugar cane or sugar beet, has
been used for many years as a constituent of stock feeds, and as a preservative for grass and for corn silage. Of special significance is the fact
that recent research by cane-sugar chemists has indicated that new processes
for purifying cane syrup will increase the sugar recovery and thereby
greatly decrease the available blackstrap.
Another related fact is that much of the industrial glucose now produced in this continuously hungry world is made by the hydrolysis of starch.
Preliminary tests have shown that the molasses produced from wood
waste by the new Forest Products Laboratory method is suitable as a substitute for blackstrap molasses for stock feed and for glucose for many
industrial purposes.

Types of Wood Waste Suitable

Most any type of wood waste may be used in the Forest Products Laboratory process. The amount of molasses obtainable is dependent on the
amount of cellulose in the woad paterial, Therefore, the type of wood that
would give cellulose at the lowest cost wtpuld, within pertain limitations,
be the most adva4tageous for the process t Sawdust, slabs, edgings, shavings,
wood-working mill waste, wood waste, cu4 trees, and waste from the tuTp entine

'Published in Southern Lumberman, December 15, 1947-

Report R1704

-1-

and rosin solvent extraction process have been used at the Forest Products
Laboratory for the production of sugar. The wood to be used will depend on
its mechanical-form, the amount of carbohydrate, or sugar-producing constituents present, and the use to which the sugar is to be put.
The use of sawdust alone has some disadvantages because of its
tendency to pac •: into a mass through which it is difficult to obtain a sufficient flow of dilute acid and because of the disintegration of the fine
material into a finer material which is difficult to hold on a filter.
Sawdust from softwoods has been used up to 40 percent of the charge in the
Forest Products Laboratory pilot plant without altering the cooking conditions. By using a modified procedure and a bed or coarse chips at the
bottom of the charge to assist in holding the sawdust, a mixture of fine
red oak sawdust and fine shavings produced in a flooring mill have been
used satisfactorily for sugar production. Slabs, edgings, blocks, and other
wood waste must be hogged to chips about 3/8 inch in length so that all material passes a screen having 2-inch openings.
Bark contains little cellulose and therefore as the amount of bark
increases, the amount of cellulose in wood decreases; consequently, the
amount of sugar producible decreases. Other noncellulosic constituents also
affect the yield of sugar. Wood high in lignin or extractives gives low
yields of sugar. For example, redwood, which contains about 50 percent
lignin and extractives, gives very low sugar yields. Mesquite is also high
in extractives and gives low yields of sugar, while aspen, which is low in
lignin and extractives, gives high yields.
Rotten wood, or wood that has been stored and undergone bacterial
fermentation, usually loses its sugar-producing material first and therefore
gives low yields of sugar. One sample of such wood collected from rotted
Douglas-fir contained only 80 percent of the sugar-producing constituents
found in sound wood.
Pretreatment of wood with steam or water converts some of the easily
reducible carbohydrate to water-soluble products that are removed from
wood by water extraction, or in the drain from steamed chips. For example,
oak or chestnut woods lose 10 to 20 percent of their carbohydrates when
these woods are extracted for tannins. Western larch loses about 20 percent
of its carbohydrate when extracted to recover galactan.
The value of the molasses for various purposes will vary somewhat
owing to the wood from which it is prepared. Molasses produced from softwoods, such as Douglas-fir or Southern pine, will contain hexoses largely,
the principal one being glucose, the same sugar that is produced when
starch is hydrolyzed. The hexose content of the sugar from these woods is
about 80 percent. Three to 6 percent of other hexoses and 10 to 15 percent
of pentoses, such as xylose, are also present. This molasses is more
valuable for industrial processes, such as alcoholic fermentation where
only the hexoses are used, or for stock feed for swine, horses, or other
animals that can assimilate hexose sugars but not pentoses.
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Molasses produced from hardwoods, such as oak, contains larger amounts
of pentose sugars and therefore less glucose. In order to produce 1 gallon
of 95 percent alcohol, 3.6 gallons of oak molasses containing 50 percent
sugar will be required, while 1 gallon of alcohol can be produced from 2.6
gallons of 50 percent pine or Douglas-fir molasses. If the molasses is to be
used for the production of fodder yeast, both hexose and pentose sugars are
utilized and the molasses from either hardwoods or softwoods is equally
valuable. Fermentations producing butyl alcohol, butyric acid, or 2-3
butylene glycol also utilize both hexoses and pentoses, and molasses from
either hardwoods or softwoods should be equally valuable. It is believed
that cattle, sheep, and other cud-chewing animals utilize hexoses and
pentoses equally, and hardwood molasses should be as suitable for such livestock as softwood molasses. This factor remains to be determined by extensive feeding tests. Tests on the feeding of molasses to livestock are in
progress at several agricultural colleges at the present time.

Equipment for Produein Molasses from Wood

Much less equipment is required for the production of molasses than
for alcohol production from wood. Storage and steam requirements are less.
Equipment is required for wood handling, hydrolysis, neutralization, evaporation, and storage, as shown in figure 1. For the pilot-plant work at the
Forest Products Laboratory, wood handling equipment consisted of a hog
chipper capable of producing 1/4- to 1-1/4-inch chips, and a blower that
takes the chips from the hog to a cyclone from which the chips were fed
directly either to the hydrolyzer or to a storage bin.
The equipment for cooking the wood with dilute acid, that is,
hydrolysis, consisted of suitable pumps for the steam-heated water and an
acid pump for the strong acid that was introduced through a jet into the hot
water. The cooking unit, or hydrolyzer, was of acid-resistant metal and was
sufficient in size to hold the charge of wood when packed to a density of
12 pounds of dry chips per cubic foot. The bottom of the hydrolyzer was _
provided with a screen to hold the chips and allow the acid-sugar solution
to pass through. Openings were provided at the top to charge the hydrolyzer
with the chips, to introduce the acid for hydrolysis, steam for packing and
heating, a vent for removal of air and a steam-gage connection. Openings
were provided at the bottom for introducing steam for heating, steam for
assisting in the removal of lignin, for withdrawing of the sugar solution,
and for discharging the lignin. A receiver was required into which the
lignin was discharged at the end of the hydrolysis.
For neutralization, the sugar solution passed to a flash chamber where
excess steam-was , removed and lime added 12y. means of a pH, or acid, controller
in order to bring the solution to the desired neutrality. This flash chamber
may also act as the first stage of a quadruple effect evaporator with the
flash steam being used to:heat the next evaporator. After neutralization,
the sugar solution was filtered and pumped into the second evaporator.
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Evaporation may be carried out in the usual mi1tiple-effect vertical
tube evaporator used for evaporating sugar solutions. The vapors from the
hot sugar solution supplied'about half of the steam needed for the evaporation.
Evaporation was also done in the pilot plant in a compression
evaporator of the type developed during World War II for producing drinking
water from' sea water for the armed forCes. This evaporator removed 65 to
70 percentCf the water. The remainder of the Water tequiring evaporation
to produce a 50 percent molasses was removed in a one-stage vertical tube
vacuum evaporator.
The Process
Wood chips, or a mixture of wood chips'with shavings and sawdust,
were charged into the hydrolyzer, filling it to the top. This was packed
down ioy placing the cover on the hydrolyzer and applying steam through a
quick-opening valve at the top of the charge having a vent open at the
bottom. The hydrolyzer was filled and packed alternately until full. The
cover was then fastened down and with a vent open at the top, steam was
introduced at the bottom to remove air and to heat the charge of wood,' When
steam flowed from the vent, the vent was closed and steaming continued until
a pressure of 50 pounds was indicated in the hydrolyzer. - The water pump,
acid pump, and steam injector were started to produce dilute acid at a
temperature of 1500 C. and a concentration so as to produce 0.5 percent acid
in the hydrolyzer when the moisture in the wood and that introduced by
steaming was taken into consideration. Dilute acid was introduced at a ratecf one-twentieth of the dry weight of the wood per minute, or 20 pounds of
dilute acid per minute for a Charge of 400 pounds, dry basis, of wood. The
temperature of the incoming acid was raised at a constant rate so as to provide for the introduction of dilute acid at 187 0after about 1-3/4 hours,
after which this temperature was maintained until the end of the hydrOlysis
-Thirty minutes after the introduction of acid was started, a Valve'at the
bottom was opened, allowing` sugar solution to flow from the hydrolyzer into
the flash tank at a rate of about one-sixteenth'ef the weight of the charge
of dry wood per minute. At the end of 3 hours, when the concentration of
the sugar solution coming from the hydrolyzer fell to about 1 percent, the
pumps and steam injector were shut off and the hydrolyzer drained of free
liquor. When steam flowed through the output line the valve was closed and
the lignin discharge valve opened. While.the lignin was being discharged, a
steam line behind the screen'upon which the'dharge rested was opened to
assist in removing lignin from the screen,
_

,

e ta
solution had collected in the
After abolit-100:pounds of
flash tank, lime wat - introducedt0Aring the pH to 3.7 and-then the _nettral -,
ized solution was allowed to flow from the neutralizer at a-rate equal to-the
rate solution was coming from the hydrolyier'whila adding lime to keep the
pH at 3.7. Calcium sulfate was removed by filtration. The average concentration of sugar for the total hydrolyzate ranged from 4.5 to 6 percent.
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Following neutralization, the solution was evaporated to 50 percent
sugar concentration. Because scaling of the evaporator with calcium sulfate
and decomposition of the sugars during evaporation are important problems, a
special study was made of these two problems.
Scaling and. Sugar Decomposition During Evaporation
The effect, on scaling of neutralization at different pH values, at
20° and 130° C., and filtering at the temperature of neutralization was
determined. In both cases; the point of maximum calcium sulfate removal
with minimum calcium ion was found to be about pH 2.5. Neutralization at
130° C. reduced the calcium sulfate to about half that at 20 0 C. Solutions
which had been neutralized at the two temperatures and at the various pH
values were evaporated in glass equipment with vertical tubes to observe the
tendency to scale and determine the decomposition of sugars during evaporation.
Solutions neutralized and filtered at room temperature produced scaling
when the concentration of the solution was doubled. As the concentration of
the sugar increased above this value, the tendency to scale on glass decreased.
No deposit of scale was observed when solutions over 20 percent were concentrated. The tendency to produce scale increased as the pH of the solution
increased. This, however, may have been due to the salting-out effect of the
calcium ion.
Solutions that had been neutralized and filtered at 130° C. did not
produce scale in the glass apparatus used for evaporation.
Decomposition of Sugars During Evaporation

. When wood-sugar solutions were evaporated at 50 percent sugar concentration-in,glass at , about 30 millimeters pressurC, some of the sugars decomposed, depending on the pH of the solution. The greatest stability was,shown
et pH values between 2 and 3. At lower pH values, an acid type of decomposition resulted, At pH values from 3 to 5, the decomposition increased rapidly
as the pH of the solution was increased.
Further tests were made on the amount of decomposition of sugars by
placing 20 percent wood-sugar solutions, which had been neutralized to pH
values from 1 to 5, in sealed tubes and heating for 2 hours at 145° C. As in
the evaporation of sugar solutions, the maximum stability was shown at pH
values of about 2. The decomposition at pH 5 was about three times that at
pH 2. It is unlikely that sugar solutions will be heated to this high
temperature during evaporation, but it does indicate the effect of pH on
stability and the point of maximum stability.
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Evaporation of Wood-Sugar Solutions
Solutions were evaporated both in 'conventional equipment and in a
compression evaporator.
Corrosion tests indicated that wood-sugar solutions at pH values from
2 to 3 were too corrosive to be evaporated in either of the above types of
equipment. Solutions at pH values from 3.5 to 4.5 were evaporated in the
compression evaporator shown in figure 2. During evaporation, volatile
acidic materials were removed that gave the distillate a pH value of about
2.8. When the feed was at pH 3.7, the concentrated sugar solution coming
from the evaporator was 3.7. When the feed was either at a higher or lower
pH value, a decrease in pH value resulted. At pH values below 3.7 this-was
due to a, concentration of nonvolatile inorganic acids. Above pH 3.7, the
decrease was due to decomposition of the sugars and the formation of organic
acids. The decomposition of sugar going through the evaporator at' pH 37
was about 1 percent. The loss when the feed was pH 4 was about 4 percent
and with a feed at pH 4.4, the loss 'was ll'pereent.
Sugars which had beeneVaporated in the compressidn evaporatarlaad a
-concentration of about 20-percent These' were further evaporated tcrA5to.
60 percent- solutions in a vacuum evaporator.
Properties of Wood-sugar solutions

When the 45 to 60 percent solutions were allowed to stand after
removal from the vacuum evaporator, a precipitate consisting of calcium
sulfate, lignin,:and tarry material separated out of `solution and left a
clear, amber liquid.
The teducing-sUgarCOntent was 70 't'o 75 'percent of the -Brix readings
of the solutions.' SolutionS = COntaining-50percent by weight of reduCine:sugars were quite fluid; while 60 percent solutions were very viscous. 'The:
solutions evapOratedat , pH 3 4 7 werebitter and acidic to tadte,ttt f gave no
indication Of the odor of Sugar'decOmpositiOn ,products. Concentrated
solutions from softwoods when seeded'-with glucose crystals, crystallized on
standing. About 95 percent of the reducing material calculated as glucose
was utilized by Torula yeast.
Yieldof,Molaszestrom Various Samples of Mood
Rany types of- WoodandWodid waste have been hydrolyzed And converted
to molasses at the Forest Products Laboratory; - The highest yield was given
by aspen and the lowest by a decayed redwood. The yields of the molasses
production resulting from several species of wood are shown in table 1.
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By-products of Wood-molasses. Production
Besides carbohydrates, which are converted into sugar by hydrolysis,
wood contains lignin and extractives. During the hydrolysis, the lignin is
left as a solid residue representing about 30 percent of the weight of softwoods and 25 percent of hardwoods. If the wood contains bark, most of this
will also be left as a solid residue. This residue from wood lignin and
bark has a higher fuel value than the carbohydrates, because it is higher
in carbon content and, consequently, is better fuel than wood for use in
boilers, Lignin has a fuel value of 10,500 B.t.u, per pound of dry material
as compared to about 8,000 B.t.u. for wood.
The extractives do not add to the sugar yield, but usually are dissolved out along with the sugar and are present in the molasses. Some of
these extractives have tannin-like properties and may contribute to the
bitter taste of wood molasses,
Some of the sugars and substances associated with the sugars are
acted upon by acid and produce by-products, some of which are readily recoverable.
Pentose sugars are converted into furfural by the action of dilute
acid at high temperatures. Small amounts of furfural are produced when wood
is hydrolyzed due to the action of acid on the pentose sugars resulting from
hydrolysis. The yield is highest from hardwoods, such as oak or maple. The
yield of furfural may be 10 to 30 pounds per ton of wood.
Products associated with the carbohydrates of wood contain acetyl and
methoxyl groups. These are split up by hydrolysis and are present in the
hydrolyzate or vapors. The methoxyl groups produce methyl alcohol, which
will appear in the vapors and may be recovered from the vapors. From 10 to
20 pounds of methanol per ton of wood are produced. The acetyl group is
converted to acetic acid, most of which is removed during'the evaporation.
It is usually in such low concentration that it is difficult to recover.
Approximately 90 percent of the water used for the hydrolysis is recovered as hot water from the evaporation of the wood-sugar solutions, and
should be reused as the processing water because of the heat it contains and
because it is free from minerals that would otherwise appear in the molasses.
Cost of Molasses
It is usually unwise to generalize about the cost of producing a
product until the process has been carried through commercial-plant stage.
However, there are some estimates that may be of value to persons interested
in a process to produce molasses from wood. Table 2 is based on a plant to
produce about 50 tons of molasses per day, assuming Southern red oak was
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used. The cost-of the wood williartfrom about :$a.00 : per ton for mill waste
to about 6.60 per ton if cull trees from woods operations are used, Other
costs are the same in either case.
It is assumed in table 2 that the lignin will be used for fuel for the
process. If a value above fuel value can be realized for the lignin, it can
contribute to paying for the process. The methanol and furfural are salable
by-products that may be used to reduce the cost. If 10 pounds of methanol at
6 cents per pound and 15 pounds of furfural at 9 cents per pound are recovered
as by-products per ton of molasses, their combined value would be 4)1.95. If
the cost ofzecovering them is 45 cents, $1.50 may be deducted from the cost
of producing molasses, giving a cost of $11.70 to $16.10 per ton, One ton of
molasses is equivalent to 182 gallons of 50 percent molasses, making the cost
of production 6,5 to 8.9 cents per gallon, or a cost of 1 to 1-1/2 cents per
pound for the sugar present in the molasses. The cost of production should
decrease with larger installations because of the greater capacity for the
equivalent cost and greater output per man.

Uses of Wood Molasses

Woo& sugar may be used for the production of ethyl alcohol, 2-3
butylene glycol, butanol, lactic acid, acetic acid, and other products by
fermentation. Molasses from softwood is preferable for ethyl alcohol because
of its higher glucose content, mady, other fermentation products may be
produced equally well from the sugars from either hardwoods or softwoods.
Yeast and a number Of protein-lroduCing organisms utilize the sugars
from either hardwoods or Softwood's:
Wood sugar has been shown by experiments conducted at the Forest
Products Laboratory in cooperation with agricultural colleges prior to 1925
to be suitable as stock feed. Data on nutritional value is lacking.
Experiments axe in progress in several state colleges to obtain nutritional
values as feed for cattle, sheep, hogs, and poultry.
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Table 1.--.Production of wood molasses
: Gallons of 50 percent
: molasses from 1 ton
dry wood

Species and type of wood

Aspen, bark free
Douglas-fir, bark free
Douglas-fir, slabs
Eastern white pine, mill waste
Lodepole pine, bark free
iiesquite wood bolts, with bark
Redwood mill waste high in rot
Redwood sound second growth
Southern yellow pine, woods run
Southern yellow pine, mill waste
Southern red oak dust and shavings,
flooring mill waste
Sugar maple, mill waste
Turpentine spent chips
Western hemlock, bark free
Western larch, slabs
White spruce, bark free

200,

186
153

170
170
106
86
127
163
160
163
170
131
186
150
182

Table 2.--Estimate of cost of producing molasses by Forest Products
Laboratory process in a plant producing 50 tons of
molasses per day

Molasses

Item
•

Per ton

Per day

: $110.00 to 360.00
55 tons of wood
• $ 2.20 to 6.60
200.00
4.00
Labor (20 men at $10 per day).:
80.00
1.60
Chemicals (acid and lime).
•
100.00
Amortization of plant
2.00
•
50.00
Interest, taxes, insurance....:
1.00
20.00
Maintenance
•
.40
100.00
Miscellaneous
2.00
: $13.20 to 17.60 : $660.00 to 910.00

•
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