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Abstract 

Seven southern hardwoods of widely different physical and chemical
characteristics and a sample of Southern yellow pine for comparison have
been reduced at the Forest Products Laboratory to pulps of high yield by
the sulfate and the soda semichemical processes. For these experiments the
customary pulpwood chips were digested with about one-half the total chemi-
cals, at about half the concentration, as commonly employed in the commer-
cial operation of the sulfate process. As a result, the chemicals were
almost completely consumed, and a high-yield product requiring disintegra-
tion and further refinement was obtained. These high-yield pulps were
satisfactorily fiberized and refined either in a Bauer mill or in a beater
and made into board suitable for corrugating. The sulfate semichemical
pulps were higher in strength than those made from the same species with
caustic soda alone. The sulfate semichemical pulp made from the less-dense
hardwoods had considerably higher strength properties than that made from
the Southern yellow pine. The nine-point corrugating boards made on the
Laboratory Fourdrinier machine had satisfactory strength properties, com-
paring favorably with commercial pine ground wood, chestnut chip, and straw
corrugating boards.

Introduction

With the present pulpwood shortage, the pulp and paper industry is
now confronted with the problem of producing sufficient quantities of new
pulp to meet the exigencies of a wartime economy. A more effective utiliza-
tion of the present wood supply through the application of high-yield

'Presented at the Annual Meeting of the Technical Association of the Pulp
and Paper Industry, Commodore Hotel, New York, N. Y., February 14-17,1944.
Published in Paper Trade Jour., Jan. 18, 1945.
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pulping methods, especially to high density species, should materially help
in alleviating this situation. Semichemical pulping methods, which result
in high yields of pulp and therefore in an increased utilization of the
hardwoods, or broad leaf species, offer possibilities in this direction.
There is a limit, of course, to the degree of rawness to which a pulp can
be made for the satisfactory production of certain grades of papers. Never-
theless, for the manufacture of paperboards, such as corrugating board, it
is possible to use these high-yield pulps, especially those made from the
hardwoods, which are well adapted to semichemical pulping methods.

Even though hardwoods present more wood-cutting, barking, and han-
dling problems than the softwoods, or conifers, there are several reasons
why they should be given more serious consideration for use in pulping at
this time than they have received in the past. Hardwoods are plentiful in
the forests east of the Rocky Mountains where they dominate much of the
forested area and create silvicultural as well as forest management prob-
lems. In addition, many of the hardwoods are high in density and therefore
result in high yields of pulp per unit of volume and per unit of digester

,space.

The Forest Products Laboratory has, for a number of years, done con-
siderable detailed work to demonstrate the possibility of pulping hardwoods
by the several modifications of the semichemical process as well as by other
processes. Heretofore, much of the experimental work on the semichemical
process has involved the use of either acid or neutral sulfite cooking
liquors. In fact, with the exception of blackjack oak, all the species
discussed here were pulped with both of these types of cooking liquDrsg,
and, in addition, equal portions of these hardwoods with Southern yellow 3
pine were gulped by the sulfate process for the production of liner boards.—

The present article is concerned with additional experiments with
the semichemical process using the more strongly alkaline liquors of the
sulfate and soda processes.

Description of the Wood

The several species employed in this investigation were: black
willow (Salix nigra), southern cottonwood (Populus deltoldes virginiana),
American elm (Ulmus americana), sugarberry TTNTa; laevigata), green ash-----
(Fraxinus pennsylvanica lancoolata), bitter pecan (Hicoria texana), black-
jack oak (Quercus marilandica), and one of the Southern yellow pines. With
the exception of the blackjack oak, which came from Sharp County, Arkansas,

the hardwood species were logged in Phillips County, Arkansas. This region
of the Delta supports almost pure stands of bottom-land hardwoods. The
yellow pine was obtained in the vicinity of Bogalusa, Louisiana. Physical
properties and chemical analyses of these species are recorded in table 1.

aMcGovern and Chidester, U. S. Forest Products Laboratory Report No. 81292.
3
-Martin, J. S., Southern Pulp and Paper Jour. 6 (7) , 13 (Dec. 1943).
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All the samples were classed as young growth wood and, with the ex-
ception of the blackjack-oak, were of comparatively rapidly grown stock.
Outstanding in these respects, were the samples of black willow, and cotton-
wood, which, although twice the age, were comparable in growth rate to the
Southern yellow pine. The green ash, sugarberry, and pine contained no
heartwood. As shown in table 1, the diameter of some of the logs was some-
what larger than those commonly used for pulpwood.

Two of the species, black willow and southern cottonwood, represent
diffuse-porous woods; the others, with the possible exception of bitter
pecan, a borderline case, represent ring porous woods. The Southern yellow
pine„on the other hand, is nonporous. Since, among the physical properties
of these samples, the greatest variation occurred in the density of the
woods (23.5 pounds per cubic foot for black willow and 39.6 pounds for
blackjack oak) ., the species are arranged in table 1 in the ascending order
of their density to facilitate comparison.

In addition to the variation in the density of the woods, the data
in table 1 shpw that some of the species differed considerably in chemical
composition. This is particularly noticeable in their cellulose content,
which, in general, varied indirectly with their density from 54 percent for
green ash to 63 percent for cottonwood. Sugarberry and green ash were low
in alpha cellulose, whereas the others, especially the lighter woods, had
fairly high alpha-cellulose contents. Except for the low lignin content of
sugarberry, this constituent increased as the density of the wood increased.
The pentosan contents were high in all the hardwoods in comparison to that
of the pine, especially that of sugarberry. Sugarberry and green ash were
higher than the other species in materials soluble in hot water and in 1
percent caustic soda solution. The, ether solubility of all the hardwoods
was low, while their caustic soda and hot water solubilities were high in
comparison with the pine.

Description of Experiments

Usually in the operation of other modifications of the semichemical
process such as that employing neutral sodium sulfite cooking liquors, the
chips are merely impregnated with the cooking liquor, and excess liquor not
absorbed and retained by them is returned to tanks for fortification and
re-use. In these experiments, however, where soda and sulfate liquor were
used, the chips were charged with a definite volume of cooking liquor, all
of which was allowed to remain in contact with the chips for the duration
of the cooking period, just as in the commercial operation of these
processes.

The sulfidity of the cooking liquors for all the sulfate digestions
was 33.9 percent, which corresponds to a 2 to 1 ratio of caustic soda and
sodium sulfide, respectively. The initial concentration of the chemicals in
the cooking liquor (including moisture in the wood) was 25 grams per liter
except for digestions of American elm (digestion No, 2556) and blackjack
oak (digestion No, 2517), whore the concentrations were 30 and 40 grams per
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liter, respectively. The total weight of the chemicals (calculated as
caustic soda and sodium sulfide for the sulfate cooks and as caustic soda
for the soda cooks) charged per 100 pounds of moisture free wood was 10
pounds; thus the sodium oxide content was 7.82 and 7.75 pounds, respec-
tively, for the, sulfate and the soda digestions. By using these low con-
centrations andTlow chemical-wood ratio, high-yield pulps of the semichemi-
cal type were obtained.

The digestions were made in a tumbling-type digester with a capacity
of 14 cubic feet, which was heated indirectly by a surrounding steam jacket.
The customary 5/8-inch chips, which had been prepared in a 48-inch diameter
chipper, were used. A linear temperature-increase schedule was employed to
raise the temperature of the digester from about 30° C. to the maximum
cooking temperature of 170° C, in 1-3/4 hours, where it was held for a
period of 1-1/2 hours.

After cooking for the prescribed time, the chips were dumped from
the digester and washed. With the exception of the blackjack oak, they were

,then fiberized in a Bauer mill prior to conversion to nine-point corrugating
board on the Laboratory Pourdrinier machine. The cooked blackjack oak chips
were fiberized and processed in a beater to illustrate the possibilities of
using this type of equipment as well.

The chemical composition of the fiberized pulps and their physical
properties are recorded in table 2.

Discussion of Results

The data showing the cooking conditions and the results of the pulp-
ing experiments are recorded in table 2; the strength properties of the
nine-point corrugating boards made from the pulps are recorded in table 3.

As would be expected in cooking under the conditions chosen, the
chemicals were almost completely consumed in each digestion, and high pulp
yields were obtained from all the woods tested. Although, as previously
shown, the species differed considerably in their chemical composition, the
yields of pulp obtained by either the sulfate or the soda semichemical
processes fell within a narrow range (73 to 78 percent). The lowest yield
(73 percent) was obtained from American elm (cook 2556). Although this
wood was cooked with a liquor slightly more concentrated than that used for
most of the other species, its somewhat lower yield cannot be attributed tO
this fact, for the blackjack oak with a lower cellulose content and higher
lignin and extractives contents, gave a yield of 75.7 percent even though
it was cooked at a still higher concentration.

Pulp Properties

The freeness values of the pulps after Bauer milling and before
processing in the test beater were low in comparison with ordinary '_raft
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pulps from the same species. This probably indicates that in addition to
fiberization some fibrillation and cutting of the fibers has occurred.
Both the hardwood pulps and the pine pulps required only short periods of
additional processing in the test beater to lower their freeness to 550 cc.
(Schopper-Biegler). The density values of the sheeted Bauer-milled pulps,
with the exception of black willow and cottonwood, were about equal to
values obtained from well-cooked sulfate pulps but, in contrast to such
pulps, showed little increase in sheet , density on continued beating in the
test beater. There appeared to be a trend indicating an increase in pulp
sheet density with a decrease in the density of the wood. In general,
there was a trend toward an increase in the strength properties of the
hardwood pulps as the density of the wood. decreased.

The sulfate semichemical pulps were higher in strength than those
made froa the same species with caustic soda alone. Most of the hardwood
pulps, especially those from the less dense species, were considerably
stronger than that from the longer-fibered Southern yellow pine, which must
be cooked to much lower yields before the inherent strength in its fibers
is realized.

Chemical Analysis of Pulps 

Like the strength properties, the cellulose and alpha-cellulose
contents of both the sulfate and soda hardwood semichemical pulps increased
with a decrease in density of the wood and were considerably higher than
those of the 'F ine pulps. The reverse was true regarding their lignin con-
tent. There appeared to be no special trend regarding the pentosan contents
of the pulps, but, as expected, all the hardwood pulps contained much more
of this type of material than the Southern yellow pine pulps.

Properties of the pine-point Corrugating Boards

The data in table 3 compare the strength properties of the nine--
point experimental boards made on the Laboratory 7ourdrinier machine with
those of several commercial boards of the same type.

In general, the strength properties of the boards varied considerably
among the several species and also as to the pulping process employed. The
sulfate semichemical boards were considerabl7 stronger in all respects than
those made entirely with caustic soda liquors. The trend in bursting and
tensile strengths and the densities of the corrugating boards, like those of
the corresponding pulps, showed an increase as the density of the woods de-
creased. Of special interest, is the fact that the hardwood semichemical
boards were superior in bursting and tensile strengths to those made from
Southern yellow pine by the same method.. In their tearing resistance the
black willow and American elm corrugating boards were outstanding among the
boards made from the several hardwoods and wore even slightly superior to
that made from the long-fibered Southern yellow pine.
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The experimental hardwood semichemical boards were at least equal to
and in most cases superior to the various types of commercial boards in all
strength properties with the exception of bursting and tearing strength of
the pine kraft board. Noteworthy is the fact that the tensile strength of
several of the hardwood boards far exceeded that of the commercial pine
kraft corrugating material.

One of the most noticeable characteristics of the hardwood sulfate
semichemical boards is their high degree of stiffness, a property which is
desirable in the fabrication of wound tubes and laminated solid fiberboards
as well as in corrugating containers.

The sulfate semichemical blackjack oak nine-point board was run over
the Laboratory corrugating machine and fabricated into corrugated box boards
by gluing either to a 16-point kraft liner or to a blackjack oak liner made
from the same kind of pulp. In view of the good quality of the semichemical
blackjack oak board and its performance on the corrugating machine it was
indicated that corrugated container boards made from this material would be
satisfactory in every respect. Since the blackjack oak board was one of
the weaker nine-point boards, the suitability of the other hardwood boards
is indicated.

Conclusions

The experimental data indicate that hardwood soda and sulfate semi-
chemical pulps of high yield (75 percent) are technically satisfactory for
the production of nine-point corrugating boards and also indicate the possi-
bilities for their use in other products.
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