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Summary

The manufacture of molding powders and board materials from acid-hydrolyzed
sawdust or chips has been studied with the purpose of furthering the utili~
zation of waste wood. The product, known as hydrolyzed wood, or hydrolyzed
lignocellulose, is a material whose lignin content is increased by removal
of some of the carbohydrates present in wood. In addition, the lignin is
partially converted into a form in which it functions as a plastic. When.
hydrolyzed sawdust is reduced to a powder, it can serve as a semiplastic
filler for plitnolic molding compounds similar to the wood-flour filled
phenolics. One special property of this material is its acid resistance.
The hydrolysis of chips provides a stock containing fibers from which a
sheet or a board can be made. The sheet can be laminated, with or without
the addition of auxiliary resin, but its low wet strenuth and tear resistance
make it troublesome to handle. The board made from the hydrolyzed wood is
similar in properties and appearance to some commercial hardboards.

Although none of these products is produced commercially by this process,
products of the same type made by somewhat different processes are avail-
able from commercial sources, Products made by the acid-hydrolysis process
have shown few advantages over the commercial materials.

Introduction

o r— e S e e

Iwo~thirds to three-fourths of the volume of a tree is lost as waste in the
normal logging and lumbering conversion process. A large part of this waste
is left in the forest and is definibely a liahility there. While some use
can be made of the waste from sawmills and wood-fabrication plants (10) the
enormous quantities available far surpass the market demands. It is apparent,
therefore, that the problem of profitable utilizetion or disposal exists.

The research reported here represents an'effort to develop one form of waste
wood utilization.

l-This report is intended to repl¢ce the information and recommendations given
in a previous report (7) on acid hydrolyzed wood, to present new and more
complete data on hydrolvzed-wood molding powders, and to describe proce-
dures for making laminating sheets and boards from hydrolyzed wood.
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Wood as a Mabeorial for & Derived Plastic

Wood is made up of carbohydrate material (cecllulose plus homicelluloses),
often referrod to as holocellulose, and lignin, together with various extra-
ncous materials or oxtractives. Extractive-free wood contains approximately
25 percent lignin and 75 percent holocellulose. Meple, for example, which
has been extensively used in this resecarch, is made up of 60 percent cellu-
lose, 18 percent hemicelluloses, and 22 peroont lignin.

Cellulose is tho fibrous constituent of woods It is not only fibrous in a
macro sense but also in a molocular sense, since it is made up of long
threadlike moleculos with a high moleccular weight, which accounts for its
desirable shoet-forming and strength properties.

Cellulose itself cannot be formed into useful shapes under heat and pressure.
Fhen heat is applied to it, the cellulose docomposes at a tomperature below
its softening point. The forces holding the cellulose moloculcs togothor
arec so strong that the material cannot soften below the temperature that
produces decomposition by cleavage of primary chomical bonds. Aftor replac-
ing a large pers or all of the hydroxvl groups of csllulose with acid groups
(esterificaticn), or with ether groups (evherificabion), however, tho forces
of atiraction botween the resulting molocules are considerably roduced, and
the softening points of these derivatives lis below their decomposition
points., This has onabled cellulosec esters, such as cellulose acotate, and
cellulose ethers, such as ethyl collulose, to become useful commoeroial
plastics,

Lignin is a colloidal material of relatively high molecular weight. It is
intimately associated with the carbohydrates in wood -- probably involving.a
chemical bond -~ and in this statc does not exhibit any well-dofined plastic
prapertics. Dry sawdust, for example, when proussod alone at high pressures .
and at temperatures below incipient decomposition, does not show any of the
properties common to plastic materials. Only a small portion of the lignin
. can be extracted from wood with polar organic solvents unless some acid or
base is present. The lignin isolated from wood by various methods, includ-
ing the pulping processes, however, shows from small to complete solubility
in polar organic solvents and aquecus alkali. Although several of these
isolated lignins can be molded under heat and pressure, the products so ob-
tained are relatively low in strength. Such material does not appear %o
have any utility as a plastic unless it can be used together with some other
material that will contribute strength, or unless it can be modified in

some manner to develop increased strength proporties.

It is apparent, therefore, that the cellulose in wood must be modified if it
is to function as a plastic; and if the lignin is to function as a plastic,
it probably must first be freed from its bond with the carbohydrates in wood.
This liberated lignin neéd not nocessarily be separatod from the ocellulose.
Profersbly, in its now form, the lignin should serve as a bonding agent to
reunite the particles of wood or cellulose fiber. Finally, the possibility
exists that the cellulosc may be converted into a derivative, or the lignin
mey be freed, and perhaps, altered chomically, or both. Thesc changes may be
accomplished in one or more stsps-either .successively or simultaneously.
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Acid Hyérolysis of Wood

Theoretical Aspects

When wood is heated in the presence of a dilute mineral acid, an attack on
the carbohydrates occurs. It is well known that cellulose is degraded by
such a treatment, a sugar, glucose, heing the ultimate end product (ll:
Chapter 6). The hemicellulose in wood is even more susceptible to hydrolytic
degradation. On the other hand, the lignin is resistant to the solubilizing
action of the aqueous mineral acid.

The purpose of the dilute-acid treatment in the process to be desoribed (3)
is to convert the lignin into a form in which its plastic properties can be
utilized, A concomitant reaction, which presumably includes breaking of
the cellulose~lignin bond, is the hydrolysis of the carbohydrates. A gradual
solubilization of the carbohydrates accompunied by a modification of the
lignin occurs. The reaction is allowed to continue until the lignin has
developed plastic properties commensurate with the application in mind. The
lignin content in the product is increased, not because lignin is added, but
because the carbohydretes are removed as water solubles.

Figure 1 illustrates the action of the dilute acid hydrolysis on maple wood
when the end product is intended for use in a molding powder, as a sheet for
laminating, or as a board.

Hydrolysis Process

The basic piece of equipment used in this work was a 17-gallon, bronze,
cylindrical, rotary digester pictured in figure 2. In operation, this
digester rotated six times per minute. Steam was admitted into the interior
of the digester through a trunnion as shown in the figure.

In making the first of a series of runs, or a solitary run, the digester was
first closed and preheated with steams The purpose of this preheating was to
reduce the amount of steam condensate in the run that followed., After pre-
heating, the digester was vented, the condensate emptied out, and the charge
introduced immediately.

The wood, as sawdust or chips, was introduced into the hot digester, and then
the dilute acid solution, at room temperature or below, was poured over the
woods The cover was put in place at once and securely bolted down.

After the digester was started rotating, the steam was turned on full until
the desired temperature, as indicated by the gate pressure, was reached. A
period of from 1 to 3 minutes was required to bring the charge to operating
temperature. The timing of the cook commencsd when the pressure indicated on
the gage had reached the desired value. The cooking process was torminated
by stopping the rotation of the digester in an upright position and venting
at once through the 1id into a duct, The pressurs drop to nearly zero could
be attained in 1 minute + 30 seconds. The end of the cooking period was
marked at ths moment the'%enting valye was openad,
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The condensation of steam during the run diluted the acid and accounted for,
roughly, a 60 percent increase in the weight of the final liquor over that
originally present. Acid concentrations mentioned in this report refer to
original concentrations.

The cooked wood was dumped into a screen box and washed with waem water
until free from acid. The filtrate, which contains sugars, organic acids,
and furfural, and which undoubtedly has some commercial value, wus not
studied in this investigation. When chips were used, it was found difficult,
if not impossible, to wash them free from acid. This difficulty could be
circumvented by grinding the cooked chips and rewashing. Hydrolyzed sawdust
was washed easily. The drip~free hydrolyzed sawdust contained about 75 per-
cent water by weight.

The hydrolyzed wood was dried, when it was to be used for molding powder, by
spreading it on trays and placing them in a kiln or a circulating-air oven
at about 70° C. (158° F.). In general, a period of about 2% hours was re-
quired to dry the material at this temperature.

A Wiley mill was used for grinding the dry hydrolyzed wood to a powder. About
85 percent of the ground material was between 20 and 80 mesh in most of the
experiments for which the hydrolyzed wood served as a semiplastic filler in
phenolic molding powders.

Analytioal Procedures

In this work, it was customary to analyze the washed, dried, and ground
hydrolyzed wood for lignin content, pH, and methanol solubility.

E}gnin.--The lignin content was determined by a modification of the 72 percent
sulfuric acid method (l) A Os5-gram sample of known moisture content

(about 5 percent or less) was weighed exactly and transferred to a 50-milli~
liter Erlenmeyer flask. To this was added 7 millilitersof cold, 72-percent
sulfuric acid. The flask was 1mmed1atelj stoppered, shaken vi orously, and
placed in a water bath at 35° C. (95° F.) for 30 minutes. The flask was re-
moved from the bath and shaken at 1ntorvals of about 10 minutes. The contents
of the flask were then completely washed into a 250-milliliter Brlenmeyer
flask, diluted to 125 milliliters, and boiled gently for 30 minutes on an
elcctrlo hot plate. The lignin wes then transferred to a tared, fritted-
glass-bottom crucible by suction filtration, washed until free from acid,
dried at 105° C,, for 2 hours, and weighed after cooling in a desiccator.

A precision of + 0.5 percent was easily obtained.

pHe~~The pH of hydrolyzed wood was determined by heating a 2-gram sample in
50 milliliters of distilled water to boiling in a 125-milliliter Erlenmeyer
flasks. The cooled water was decanted off, and its pH was determined with a
glass electrodé. When the pH was below 5, as measured by this mothod, the

material was considered to be too acid for use. The result was qualitative
and served only to eliminate an inadequately-washed hydrolyzed wood.

Methanol solubility.--The methanol solubility of the hydrolyzed wood was
determined by extracting it in a conventional Soxhlet-type apparatus, About
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3 to 5 grams of the hydrolyzed wood of known moisture content wore weighed
into a tared, alundum crucible The orucible and conteuts wore then placnd

in the extractor and extracted mlth 99 percent methanol for 6 to & hours

The crucibls was then removed and dried et 105° C. (221° ¥.), until it
attained a constant weight., The decreass in weight represcnted oxtracted
material and moisture loss. Thesc data permitted the calculation of the
percenbage of methanol solubles based on the weight of the original hydrolyzed
wood when dry. Check runs of this analysis usually agreed within 1 or 2 per-
cents The soluble lignin ratio (abbreviatsd SLR (4)) was often used as a
guide in following the effcct of cooking variablos on the plastic propertics.
The SLR is the quotient of the percent methanol solubility divided by the per-
cent lignin content, multiplied by 100. Tho SIR expresses the percent of

the tptal lignin that is methanol-soluble lignin.

Properties Qf;ﬁciddhydrolyzed'Wood

The acid-hydrolyzed wood, as usually prepared, was brown in color. It re-
tained practically the same physical form as the original wood. Excessive
hydrolysis caused_the color to darken. The lignin content could easily be
estimated to with/a few percent by the color of the dried material. Hydro-
lyzed wood with a relatively high lignin content (50 percent lignin for maple)
was friable and tended to disintegrate badly in the digesters Acid hydrolysis
lowered the strength of the cellulose considerably, so that acid-hydrolyzed
maple chips of, for example, U0 percent lignin content could easily be broken
cleanly across the fiber direction,

The removal of the hemicellulose during the hydrolysis process eliminated the
most hygroscopic portion of the wcod., This explains the fact that acid-
hydrolyzed wood was relatively less hygroscopic than wood, itself. 1In a few
tests, the acid-~hydrolyzed wood gave an equilibrium moisture content of 7.0
percent at 65 percent relative humidity and %0° F. (26.67° ¢.) in contrast to
12 percent for normal wood.

Acid-hydrolyzed maple was analyzed separately for lignin and cellulose and
was found to consist entirely of these two components (3) The major portion
of the lignin content of the hydrolyzed wood arose from the lignin in the
original wood. It was shown (3), however, that some of the material in the
hydrolyzed wood consisted of, decomposition products of the sugars formed
during the hydrolysis. These decomposition products appear as lignin in the
analysis.,

The solubility of acid-hydrolyzed maple in various organie liquids is indi~
oated in table 1. The conditions of hydrolysis, that is, temperature, acid
concentration, and time of hydrolysis, were found to affect the solubility
of the hydrolyzed wood. As shovm in the table, the material extracted from
the hydrolyzed wood by the solvents was essentially lignine A small amount
of the lignin is soluble in water; thus the washing of the hydrolyzed wood
tends to reduce the lignin content.

Previous work demonstrated that acid hydrolysis did not affeot the methoxyl
content of the lignin (3).
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The Effect of Variables in the Process

The variables in the process to be considered are acid concentration, tempera-
ture, and time of hydrolysis. An increase in either the acid concentration,
the temperature, or both, resulted in an increasasd rate of hydrolysise

The fact that the acid solution was diluted by the condonsed steam during
the run is to be kept in mind in interpreting the data to be presented.

Variation of Acid Concentration

Table 2 shows the data obtained when the acid concentration was changed and
the temporature and time of hydrolysis were held constant (3). The increased
rate of hydrolysis with increased acicé concentration is apparent. Data oro
also given in this table for the calculated and obssrwved ligznin contont,
which show that the formation of ligznin~like material from the cellulose is
approciable only when the hydrolysis of the wood is more drastic then that
which is here recommended for use in wood plastics.

Variation of Temperature

In table 3 are recorded the data for a serias of runs in which the tempera-
ture (steam pressurc) was wvaried with thc acid concentration held constant
at le2 percent of the weight of the water. Rather than use a constant time
of hydrolysis, in this seriecs, the hydrolyses were continued sufficiently
long to yield products of approximately the same lignin content, that is, 40O
percent lignin. The btemperaturc of hydrolysis is clecrly a rate~determining
factor.

Factors Affecting the Solubility
of Acid~hydrolyzed Wood

In a large number of runs, data for which are shown in tables %, 5, 6, T,

and &, the effect of acid conceutration, temperature, and time of hydrolysis
on the solubility of the lignin in the hydrolyzed wood was studied. From
these data it was deduced that, (a) the hemicellulose portion of wood is
easily solubilized, (b) lignin in wood is converted into a methanol-soluble
form during the acid-hydrolysis process, but the hydrolysis environment causes
this soluble lignin to bé converted into an insoluble form that differs from
the criginal lignin with the observed result that the methanol-soluble lignin
fraction of the total lignin rises to a maximum and then decreases during any
given hydrolysis, (c) the higher the temperature and the greater the acid
concentration, the higher is the SIR maximum but the shorter is the time
interval that the SILR is near the maximum. These conclusions are in general
agroement with the results of others (4).

tudies with softwoods indicated that appreciably less methanol-snluble
lignin was produced during their hydrolysis than during the hydrolysis of
hardwoods. Since, as will be indiocated later, the methanol-soluble lignin
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content of the hydrolyzed wood is important with regard to she use of the
material in molding powders, laminating sheets, and boards, the hardwoods
are proferred.

The methanol-soluble lignin content of the acid-hydrolyzed wood was materially
reduced by heating to temperatures near 150° C. (302° F.) in the dry state.

Miscellaneous Variables

In all of the work reported here, sulfuric acid was the acid used., The kind
of acid used did not appear to have any effect on the quality of the hydro-
lyzed woods Other acids gave a different rate of hydrolysis per equivalent,
but there was not any selective action on the amount of methanol-soluble
lignin produced at the same degree of hydrolysis.

The ratio of dilute~acid solution to wood in the digestion was varied over a
wide range without affecting the quality of the product appreciably. In
most of the work, the water-to-wood ratio was held between 0.5 and 2.5.

Acid-hydrolyéis cooks made in the presence of methanol or phenol gave products
having a high methanol-soluble lignin content., In some cooks over 90 percent
of the lignin in the hydrolyzed wood was methanol soluble. ' Acid hydrolysis

in the prosence of formaldehyde or aniline gave considerably less methanol-
soluble lignin than identical runs in the absence of these compounds.

Use of Acid-hydrolyzed Wood in Molding Powders

Hydrolysis Conditions

The hydrolysis of hardwoods, such as maple or swestgum, to a material having
about. a 40 percent lignin content was preferred when the product was to be
usecd to replace wood flour in phenolic molding powders. Conditions that give
a higner lignin content cause increasing -cellulose degraddtion and loss in
strensth, AL a lignin content of 35 percent,for example, the plastic proper=
tise ot the lignin are not sufficiently developed for this use., The 40 per-
ceut checice is a compromise between plastic properties of the lignin and
strength properties of the cellulose, sometimes referred to as "resin" and
"filler" aoffects

Many different conditions of hydrolysis were used to produce materials having
a lignin content near 4O percent. Thus, the hydrolyses were carried out at
different tomperatures and acid concentrations, and for various periods of
time. viten the methanol solubilify of maple and sweetgum hydrolyzed woods,
all with 4O percent lignin but propared under a wide variety of conditions,
was comparced, it was found that some were nearly 20 percent methanol soluble,
and others were less than 10 percent soluble. Furthermorc, when an attempt
was wade to mold these hydrolyzoed woods, those with the highest methanol
solubility were found to be the most satisfactory with regard to flow under
heat and pressure.

Repoft No. R1481 -7~




The following hydrolysis conditionsgave satisfactory lignin solubility and
flow:

2 parts hardwood sawdus®, dry weight

1 part water

0.012 part concentrated sulfuric acid

190 to 200 pounds per square inch steam pressure for 15 minutes

A hydrolyzed wood prepared in this manner had a 3S to 40 percent lignin con-
tent and was 18 to 20 percent methanol soluble (SLR = U7.4=52.6).  The yield
was aboub 60 percent. Various other combinations of acid concentration,
temperature, time, and water-to-wood ratio were also used to produce a mate-
rial having analytical values within this range.

Hydrolyzed Wood-phenolic Resin Compositionsg

The hydrolyzed wood obtained under the conditions described in the preceding
paragraph was definitely not a complete molding powder. Experiments indi-
cpted that only the soluble lignin contributed to the plastic properties of
the materiale Thus, only about one-~half of the lignin was effectively uti-
lizeds Since the material was more moldable than plain wood flour, however,
the possibility of substituting hydrolyzed wood for wood flour in phenolic
molding powders was investigated.,

It was found that compositions containing.70 to 75 parts hydrolyzed wood and
25 to 30 parts phenolic resin gave moldings comparable in appearance and
properties to those made from commercial molding powders conbtaining 50 parts
wood flour and 50 parts phenolic resin (fig. 3).

With water~soluble phenolic resins, the following formula was satisfactory:

350 grams acid~hydrolyzed wood
150 grams water-soluble phenolic resin, based on solids content
245 prams zinc stearate

The resin solution was diluted with water to a volume of 350 milliliters.
This solutinn was added to the hydrolyzed wood-stearate mix in a Werner-
Pfleiderer type mixer. The wel mix was then dried at 70° C. (158° F.)

to a moisture content of 3 to 4 jpercent. The dried material was ground and
was then ready for molding, Alternatiwely, the wet mixture was sometimes
dried to about a 10 percent moisture content, then put through differential
milling rolls at 100® to 110°C.(212-230° F.) for not morz than 30 seconds to
produce a sheet about 0,040 inch thicke. This sheet was then ground and ad-
justed o a 3 to U4 percent moisturs content befors molding. T¥hen small
quantities of carbon black and a blue dye were used in this formula, the
moldings had a better appearance. '

—— — S —— NP,

2 .
—These compositions have been called "Hydroxylin® by the Forest Products
Laboratory.
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With powdered phenolic resins, the formula used was:

1,400 grams acid-hydrolyzed wood
600 grams powdered phenolic resin
20 grams carbon black
10 grams dye
15 grams zinc stearate

This mixture was rod-milled for 45 minutes. Then 12 grams hexamethylene
tetramine in 200 milliliters water were added, and rod-milling was continued
for anobher 10 minutes. The powder was then put through the differential
milling rolls and the process completed as described for the previous
formula.

For comparative testing purposes, these molding powders were molded at 155° C.
(311° F.) and 4,000 pounds per square inch.

Standard tensile, flexural, and impact specimens were'molded for 10 minutes
and removed from the mold while hot. Water absorption disks, 2 inches in
diameter and 1/% inch thick, were molded for periods from 1 to 10 minutes in
order o determine the rate of curc. The test specimens were conditioned
and tested according to (tentative) standard methodsZ2 for this type of
plastice The wvalues given in table § are typical for the properties of the
molded material as made in this manner.

These acid-hydrolyzed wood-phenolic resin compesitions have no advantages

in strength over the Wwood-flour filled phenolics for general purpose applica-
tions, but where acid resistance is a reguirement, the hydrolyzsd wood compo-
sitions arc believed to be supcrior.

Hydrolyzed-wood Sheet for Laminating

Hydrolysis Conditions

The hydrolysis of hardwoods for conversion into a sheet required chips as the
sterting material because longer fibers were necessary. Extensive experimen-
tation showed that the hydrolysis should be conducted to give about a 32 per-
cent lignin content in the product. This lignin content, which is lower than
that used in molding compounds, is permissible because less flow is-needed
in the press. With lignin contents below 32 percent, the bonding action be-
came increasingly poor; with higher lignin content, the fibrous structure and
strength diminished because of excessive cellulose degradation.

Swectgum and alder were used the most successfully. These woods, in the form
of chips about 3/4 inch long and up to 1 inch wido, were cooked as follows:

2

~AST} Standards on Electrical Imsulating Materials.

Report No. R1481 S




1 part chips

1 part water _

0,006 part concentrated suliuric acid

190 to 200 pounds per squars inch steam pressure for 10 minutes

Under these conditions, the product contained 32 to 33 percent lignin and was
13 to 15 percent methanol solubles. The yield was about 70 percent.

Laminated Hydrolyzed-wood Sheet

The chips were washed until acid~free, and then reduced to a pulp in a double-
rotating disk mill. The pulp was sorcencd and run over a Fourdrinier papsr
machine at a Schopper-Riegler freemess of 500 to 700 without further refining.
e resulbing sheet was mads fairly thick (1C to 12 mils) in order to over-
comc its inherently low wet strengbh and tear resistance.

An acid-hydrolyzed wood sheet (alder), comtaining € to 7 percent moisture
was laminated at 2,000 pounds per square inch, and 175° C. (347° P.) '

The resulting panel, removed from the prese cold, had a mottled brown-black
appearance and possessed the properties ziven in table 10C.

After impregnation of the hydrolyzed-wood sheet with water-soluble phenolic
resin to an 1&.5 percent resin sontent, the laminating was effected at 163° ¢.
( 325° F.) nd 2,000 pounds por squarce inch to giwve a uniformly black panel
possessing the properties recorded in tabls 10. The addition of phenolic ’
resin has bub little =ffect upon The strength properties other than laminar
sheare The prime object in adding phenolic resin is Lo improve the wate
resisbance, dimensional stanility, and minimize the tendency to declaminate.
Smaller amouats of phenolic resin cun be used when a smaller improvement in
these proporties is satisfactory,

Hardboard Made from Acid-hydrolyzed tood

Hydrolysis Conditions

Hardwood chips, when hydrolyzed under thoe same conditions used in making the
shect described in the preceding sectisn, served as the stock for making a
haraboard.

Hydrolyzed iWood Hardboard

—— . e A

The hydrolyzed chips were pulp
beater, and then put through a '[O-cut sorcen. A4 pulp slurry was formed into
a thick wet met (10 by 10 inches) in an experimental handsheet machine. The
wet mat, containing 70 to &0 percent weter, was placcd on a slightly over-
size screon to allow for the escape of moisture during the pressing operation.
The wet mat and sereen wore placed bobtween cauls in a hydraulic press. With-
out turning or the heat in the press platens, tha press was slowly closed to
300 to 500 pounds per square inch pressure bo remove the excess water from the

kol

ad in a double-robating disk mill or in a

]
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mat. The pressure was then lowered to 65 pounds per square inch which was
maintained while the platens were heated to a temperature of 185° C. (365° F.).
The wet mat dried out and became further compressed under the combined heat
and pressure. About 20 minutes was required to process a 1/M-inch board

from an approximately 1-1/? inch thick mat. The density of the board was
determined by the press pressure useds A sweebtgum pulp pressed by this

method gave & board having a specifio gravity near 1. Sometimes a sizing
agont, that is, rosin and alum, was. added to the pulp to improve the water
resistance of the board.

These boards had the properties and appearance of commercial hardboards made
by the "explosion process" (2, 9). The properties of a board made from sweet-
gum are given in table 11. The properties of the boards could be varied con-
siderablye. Douglas-fir was also used to make boards, although the strength
properties, in the few cases attempted, were not so good as those indicated
for sweetgum.

Evaluation qf_Acid—h&drolyZed'Wood

14

Samples of acid-hydrolyzed wood and products made therefrom have bocn sent to
various interested people by this Laboratery, but as yet no market for the
materiel has developed. Molding powder, laminate and board are all in com-
petitive fields(2, 5, 6, 9) in which they have little, if any, advantage.

The use of acid-hydrolyzed wood as a semiplastic filler for phenolic resins
must apparently be exploited on the basis of special propertics rather than
as a general purpose material. This fact tends to limit the market for the
‘material and makes thce process less attractive in the waste~wood utilization
programs Since both the sheot and board are made from chips, they are con-
fined to the utilization of only certain forms of waste. The sheet is rather
difficult to handle beecausc of its low wet strength and tear rcsistance. The
board has the best potentialities, but it does not have any known advantage
over some commercial hardboards, either in regard to quality or cost.
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Table le=-Solubility of hydrolyzed maplc sawdust in various organic
solvents (Soxhlet extraction)
Run : Extractanti : Lignin : Soluble : Experimental s Calculated
number ¢ content : content :lignin content: lignin
: E of : of : of residue : ocontent
: shydrolyzed:hydrolyzed: from : of
t wood :+  wood ¢ extractant : residue~
T T T T e T T L TP N O A2 PP okl e e, e, | . <P O S 1 | aalensibalat St
] : Percont : Percont : Percent s Percent
1083~1109 : Mothanol s 394 12.0 31,2 : 31.1
lll#9 sMethanol : L’"OOO H 13.’4‘ H 30.8 H 30i7
1605 :Methanol : 38,0: 9.4 25.2 : 23.1
1605 :Ethanol i 38,0 19.1 : 4.7 : 234
1605  ¢n~Butanol . 38,0 : . 19.5 ; 240 i 23.0
1605 :Dioxane ; 3840 ; 22.8 ; 20.6 s 19.7
H ' : H :

1605 :Ethyl acetate : 38,0 13,5 28.8 : 28.3
1605 :Collusolve : 38.0 : ek, 0 19,3 : 18.4
H H : : :

1605 :Benzeno 38,0 2.2 35.6 : 36.6
: . 3 : :

1605 sCarbon tetra- : 38,0 0.0 36,8 : 38,0
¢+ chlorido g F g :

1605 :Acetone : 380 16,1 27.0 : 26.1
1605 :Heptane : 38.0 : 0.0 36.8 : 38.0
1149 Water . 40,0 4.5 : Biie o , 37.2
1083~1109 :Water s 390 2.8 374 : 376
1149 :Ethylenc : b0o.o ; 717 ; 3.2 ; 35.0

: : dichloride : s : 3

1083~1109:Bthyleno :39M4  : T : 3320 i 345
t dichloride : G H 1

1

“Commercialegrade chemicals.

2

“On basis that only lignin is dissolved.
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Table 24-~Acid hydrolysis of maple:l

variation of

acid concentration

HOSOHE- : Yield of : Analysis of hydrolyzed wood
(on basis of ° hydro%yzed S o et e e *+++'Hv—~~-~~—~;:"'é—r~*
weight of ° product : Cellulose : ngnln : Lignin, calculated=
wator ) : : : i

Percent

-
.

Percent

g O e

Percent

»
.

120 p.s.i. steam oressure (177°

Percent

-~ 350.6°

Percent

. Bt

.....

. O.l" B 6“ '95 . 63.2: M 3%05 H 53 '9
R4 : 230 61,9 : 36.2 : 35.3/
142 : 60.10 %6 ¢ 37.6 5646
1.6 s 58,95 & 5.1 @ 39.8 3743
2.0 H 5().9(.) b /).b H )4'108 : }‘3'7
2-&‘ : 52”"18 & L)L.L) & “4“6.6 : 4\).6
135 pes.i. steam pressure (181° C.~-- 357.8° F.) for 30 minutes
o : €3.70 66,0  : J5.3 0 34e5
o8 : €1.85 . v3.0 ¢ 371 : 3546
1.2 : 59.31 61,0 39.0 36.3
1.6 : 59.7% . 55,5 ¢ Ml.1 36.8
12,0 : 56.50 s £5.0 W50 3%.7
24 : 55.72 oL SRR L0 A 39+5
28 : sh.ouo 9.9 : 50.2 2.8
150 pes.i. steam pressure (186° C. -~ 3606.8° F.) for 30 minutes
o : &7 s G, i 35.0 3540
& : Gu.s? : €le6 1 33,5 . 3644
1.% : 5&.20 BEeH 1 M1 3748
1,6 )7.no : BGed 1 4.6 3845
240 : 5655 52.e o hr.2 38549
2. : 54,02 t9 L . 50,0 & 0.7
248 : 52.00 b3,0 ¢ 57.0 4243

Tate from Harris

c . .
“Hater-to~wood ratlo was 2.5

and

Mitohell (3).

to 1.

3~O“bu.31n°u by dividing 22 percent (lignin content of maple) by the peroent

The

yield. assumpbion is made that no lignin is lost or gained in the
hydrolysis process. The difference hotweon the observed and calculated
lignin value is u mzasure of the amount of lignin-like produckts formed
during the process

Hos RINZL
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Toble 3e--Acid hydrolysis of maple: variations with temperature and time at
a_constant sulfuric acid conceutration of 1.2 percent oased_gg
weight of water and on initial water-to-wood ratio of 2eH

Run Time of : Stean ¢+  Temperature : Lignin
number : hydrolysis 3 pressure : content
Minutes : Lb. per : 2 C. ° Fe @ Percent
G :

1145 450 : 50 : 147 296.6 2 42,6
1138 75 : 100 : 170 338.0 ho,2
1150 68 : 110 ¢ 173 334 39.9
117 56 : 120 s 177 350.6 : h0.8
1 : 130 ¢ 180 356.0 ¢ 40.3
1149 32 : 140 : 183 3614 ¢ 41.6
| 1146 - 22 : 150 ;186 366.8 %0.9
1153 15 : 160 ;148 37004 s 39.0
c 40,0

RS B 10 : 200 ;198 385.4

Table le~~Hydrolysis of maple sawdust at 50 pounds per sguare inch steam
pressure (147° €. -~ 290,0° F.) (3 percent acid, equal parts
watel and wood)

Run : g Lignin :Methanol soluble: 1
number ; Time : content lignin g SLR~--
Minutes : Porcent Percent :

120% : 30 : 34,1 3 10.0

120k : 60 : 35.5 4.6 : 12.9

1205 : 120 : 3641 5,8 16.0

| o : 150 : 3545 8.3 : 23.4
| 1378 : 180 3 36.2 3.4 : 23.2
1379 : 210 : 36.1 6.5 : 18.0

1380 - 240 : 315 7.3 19.5

i
i

1 .
~Soluble lignin ratio, percentage of methanol soluble lignin in total
lignin,
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Table Ge~~Hydrolysis of maple sawdust at 135 pounds per square inch steam
pressure (131° C. ~= “5H{.8° F.} (1.2 percent acid, .5 parts
water per part of wood)

Run g :  Lignin :Methanol soluble: 1
number g Time : conbtent : lignin s SLR—
Minutes 0 fercenf' : EEEEEEE. -
1345 : 5 : 35,0 g 10.6 : 30.3
1346 : 10 i 35.4 : 12,4 : 350
1347 : 15 : 36.1 : 12.0 : 33.3
1343 : 20 : 3.0 : 4.2 3744
- 1349 : 25 : 38.3 : 14,1 : 3648
1350 : b0 : 0.0 : 15.0 : 37.5
1351 : 50 : 10,7 : 15.9 3 39.1
1352 : ) s 41,1 : 1h.9 : 36.3
1353 : 90 : 43,1 : 4.5 33.7
135k : 120 : 45.0 : 13.3 . 29.6
1361 : 150 : 43,7 : 12.4 : 28
1362 : 140 : 5,1 : 12.2 : 27.0
1
“Soluble lignin ratio, percentage of methanol soluble lignin in total
lignin.

Table Ge-=-Hydrolysis of maple sewdust at 200 pounds per sguare inch steam
pressure (196° C. == 368.4° 1) (1.2 percent acid, 2.5 parts
water per part of wood

Run g :  Lignin  :Mcethanol soluble: 1
number 2 Time t+ conbent lignin $ SLR~
: ygnutes 5 E?IEEEE g fercen@_ C
1360 : 6 : 37.2 : 15.6 : h1.9
1365 : 10 : [T S : 19.5 : h7.1
1371 : 15 : 17,6 : 19.5 : W7
1372 : 20 : 46.0 : 20.2 : 43,9
1373 : 30 : 5043 : 214 : 42.3
1574 : Lo : 57.0 ; 20,2 : 354
1375 : 50 : 578 : 20.4 : 35.3
15376 : 60 : 60.5 19.8 : 32,7

1 N T -
=Soluble iignin ratio, percentage of methanol soluble lignin in total
lignin.
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Table 7.-~Hydrolysis of maple sawdust-at 200 pounds per square inch steam
~ pressure (198° C. ~- 388,4° F.) (3 percent acid, equal parts

of water and wood )

Run § 3 Lignin :Methanol soluble: 1
numbexr 2 Time 3 content lignin s SIR~
i Minutes ¢ Fercent : Percent :

1381 2 1 : 38.2 : 17.2 : 45,0
1382 5 3 ho.2 : 19.0 : 47.3
. 138 § 5 W8 : 23.5 : 52 4l
1338 : 10 50.6 : 23.4 : h&,2
1389 : 15 58.5 : eh,2 : 3543

1
“Soluble lignin ratio, percentagc of methanol soluble lignin in total
lignin.

Table &.~=Hydrolysis of maple sawdust, at 200 pounds per square inch steam

-

pressure (198° €. ~- 38E.U°F. ) (0.6 percent acid, 2.5 parts
water per part of wood)

Run g g Lignin :Methanol soluble: 1
number : Time : conbent lignin g SLR~
Minutes : Percent Percent :
1391 - 10 A 12,7 : 36,5
1366 . 20 L : o 3730 16.9 : 4543
1385 : 30 : 36,0 : 143 : 39.7
1386 : b : Lo.o : 15,2 C 3545
138 : 60 : 1.3 : 15.9 . : 38.0

1 .
~Soluble lignin ratio, percentage of methanol soluble lignin in total
lignin
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Table 9.~-Properties of hydrolyzed-wood phenolic moldings

g s

Property Value

Tonsile Streng{"h ----- T T T AR T R AR LSRR PoSoic: 5,000"6’000
Flexural strengthlililiiiiiilililIn!'l! IIIIIII p.ostio: 7’000"9’000
Impact strength (Iz0d)sensses ftolbeper in.of notch: 043~04k
Shear (Johnson-type shear tool)és.. ..... s p.s.i.f &,000
Hordness (Rockwell=M).vsrusans ssvassss S DDA 005 GO Lo, 100~110
Speoific gravity.‘.,.........v ------- t--s.u---4taa--: 1‘35"1‘”’0
Water absorption£~(2u hours)essssrssssssas. percent:  0425-0,5

1l

'Specimensil/? inch in width by l/h inch in thicknass by 3 inches

long.
2

“Specimens, disk 2 inches in diameter and 1/% inch in thickness.
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Table 10.--Some average strength and related properties— of parallel-laminated hydrolyzed alder sheets

1 Unimpregnated : Fhenolic resin
Test and property : laminate :impregnated laminate

1Lengthwise :Crosswise :Lengthwise :Crosswise

3
3

3 ] 2 )

Tension.g-...................”..............-.....-..‘..... 3 tests: 3 : :
Ultimate Strengbhasssssssssssssssrssanrasssrssannansrs  DeSoler 15,000 ; 8,240 ¢ 17,560 : 13,400
Proportional 1imit SYress..cvevssssnsrrnmssssrarensans  PeBodes 6,000 & 3,730 s 7,690 : 5,150
Modulug of ©1estioityssiursnanamenscensssanunass 1,000 posetes 2,165 : 1,406 . 2,032 : 1,352
Elongation immediately before fracture@.......sssssssss poroent; 1.21 1.36 ¢ 1,02 : 1.18

' : s 1 :

| Flexure (flahrise)g’ Zs......”....”.............. 3 to U tests: 1 s :
' Modulus of l'\lpt\lrenqqqqq---------------4------1:“10--.- P-Soi-t 20,010 H 12,8& H 170‘014’0 ¢ 131220
| Proportional 1imit StresS.sisse.issssarssrssrsrrsrensss De8oie: 10,340 ¢ 6,210 : 10,150 : 5,830
: Modulus of ©188t104tY e ansnsensvnsarannarnsnnnns 1,000 pos.i.: 1,993 : 1,248 : 1,907 : 1,320

H H 3 H

| Compression (edgewiso)ﬂ'-.....-......”.............................. 4 tests: t s :
Ultimate Strength......suvicesacanesesasesoanassssduars PoSoie: 14,000 13,;33 + 17,200 : 18,170
| Proportional 1imit) StreSs.scresursssssasssraasnssssnsss PeBodsr 4,200 ; 3,70, 4,050 . 4,030
Modulus Of €185t103tYucnnrnsrrernnsnmnnnnnersans 1,000 pesei.; 1,876 ¢ 1,272 ; 1,454 1,194

s 3 : :

Impact strength (Izod)i“..............,................ 5 tests: : ¢ :
Flatwise, notoh on £808.euussssssssssasrs Lt.lbeper in.of notch: 1.89 : 1,21 : 1.38 = 0.97
Edgewise, notch on @dge.iassssarrrrirsrs Lt.lbeper in.of notoh: ST 50 .38 33

: ' s :

Shear (Johnson-type shear tool)a-.............”.". 3 to I tests: ! : :

Shearing strength (£1atwise)s..icssurisscesreisnasssraannrasanss 9,680 3 8,660 + 10,570 : 10,600
s : ' :

SpEcific Eravity.iserssmsrarsarrernsrsnnmnrnrnrnrnrsborncansasariaat  lo#2 ¢ LM2 2 1,39 ¢ 139
: : s :

Water absorptionzu......”.....”..........”.......... percents : 49 1.3
’ t s s

Hardness (ROCKWOll)sssuuussuwssimamsssasivasunnnrsrarasa M-numbers: 100 : 100 : 112 112
: : :
H H

l-Px‘oper‘\:ies here reported were obtained from specimens prepared, conditioned, and tested in accordance
with Federal Specification L-P-406a for Plastics (sheet materials) Organic; General Specifications

(Methods of Tests).

Lengthwise and crosswise refer to the orientation of the predominent direction (machine direction or
"grain") of fibers in the constituent sheets of hydrolyzed-wood sheet with respect to the length
of the specimen. Thus values of shear for "lengthwise™ and "orosswise" are respectiyely, per-
pendicular and parallel to the predominant fiber direotions, Flatwise refers to load applied
to a surface of the original laminate, that is, in the direction of molding pressure. "Edge-
wise™ refers to load applied on the edges of the laminations, that is, in a direction perpen-
dicular to that of the molding pressure.

2
~Tests at room temperature on nominal 1/’+-1nch material.

2 1/2- by 1/- by 6-inch specimens tested under center loading over a 4-inch span.
| —Tests at room temperature on nominal 1/2-inch material.

i.?q.uecimnams 1 by 3 by 1/8 inch.

(Report No. R1U4&1)

7 M 62896 F




Table ll.~-Properties of a hardboard made from acid-hydrolyzcd SWthgum

(with rosin-alum size )

;wmb 7R
Proporty : of
:tests

It

mnsile Stre}nb”th“ll‘iIii"I-ili.il.l‘.'ii"l.‘iii“ p's-i'

- ]
PloxuralNetrensth e i el e sl e sialatals by e 8 oidi'e it

s 65 s s es ep e

40 o2 se us

..Modulus of Clasticit}/ in tt).l’lsionf...--“ Bdwd b b p-Scio 0 1 .

Modulus of elasticity in fleXurGesssassrssnassns PeSsie

se a9 es o
.
-

ﬂalon L«tlon, in tOnslonlo'-rppb'ﬁjjl.li‘i!rti:.i p:ﬂ‘rcent: 1 :

Compressivs strength, flatwisceesesssssssesyeans peseis: 3
t&mpact, Iéod,.notched edgowisoess Itelbepcr in.of notch: I g
Specific graVity'l'!‘!'lll'l'!l‘l!#‘ill:li'llI'lii! L I I B I ) 'I'II.'I: L!' :
HﬂranSS (Roch'fell"mf)otu--ioqat-q.-tq‘.--oqt-i----;l-----t: 7 :
Weter absorptionl.........,.................... percent: :

2)4-hours-"‘I‘ii'iIPI'l.lll"F"llill!iillll!!#: :

211’0 hO-ul'S..gt.uoq.t.-aq-qd----l--'-'s-oni: :

Average
valus

ow #8 0n 0 62e vt b rmd b

5,610

7,170

1,240,000

850,000
0459

23,430
0.61
1,04

15

12.5
25¢9

—_————— e e —_— -

iSpecimens 1 by 3 by 1/ inches.
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Figure 2.--A 17-gallon, bronze, cylindrical, rotary digester.
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