TECHNICAL NOTE NUMBER 191

UNITED STATES DEPARTMENT OF AGRICULTURE FOREST SERVICE
FOREST PRODUCTS LABORATORY
MADISON 5, WISCONSIN REVISED September 1953

DENSITY, FIBER LENGTH, AND YIELDS OF PULP
FOR VARIOUS SPECIES OF WOOD

The yield of pulp obtained from a given species of wood is influenced
greatly by the kind and séverity of the pulping process used. The high-
est yield, of course, is obtained by strictly mechanical processes that
reduce practically all of the wood to a fibrous pulp. The lowest yield is
obtained from drastic chemical digestion that gives pulp consisting of
nearly pure cellulose fibers. Within these extremes in yield lie pulps
with all the gradations in quality needed for use in the many kinds o
pulp and paper products that are manufactured.

There are three relatively standard chemical processes for making wood
pulp; the sulfite, the sulfate, and the soda processes. The yield of pulp
(expressed as a percentage by weight on the moisture-free basis) ob-
tained by digesting wood by one of these chemical processes is depend-
ent to alarge extent on the chemical composition of the wood. Since the
principal chemical components of the normal sound wood of most species
do not vary much in amount, the percentage yield of pulp obtained by a
given process does not vary greatly from one species to another. The
chemical composition of wood and consequently the yield of chemical
pulp generally varies more between softwoods (coniferous woods) and
hardwoods (broadleaf woods) as classes thanbetween the individual woods
within these classes,

The yield of pulp expressed on a volume basis, such as the pounds of
pulp per cubic foot of wood or per cord of wood is affected by the varia-
tions inthe percentage yield and also in the variations in those structure
and growth characteristics of the wood that influence its density and
weight per cord.

Because of the many and interacting variations in wood properties and
pulping conditions, the yield of pulp obtained from a given wood cannot
be stated without qualifications, and a single average value for a species



and process cannot be given. The typical values given in the following
tables may, however, be considered to be suitable for general estimat-
ing purposes. Thepercentage yields given intables 1 and 2 for the three
principal chemical pulping processes are those that might be expected
in the production of pulp of papermaking grade. Lower yields would be
expected in the production of pulpto be used for the manufacture of vis-
cose and other cellulose derivatives, owing tothe more severe chemical
treatment in their preparation.

The yields of semichemical pulp and groundwood pulp are not included
in tables 1 and 2. The yields obtained by these processes are relatively
independent of the kind of woodused. The semichemical processes may
be operatedunder a muchwider range of conditions thanthe more stand-
ardized chemical processes, and the yields of pulp, as indicated in ta-
bles 3 and 4, may varyfrom about 55to about 95 percent. In calculating
the values given in tables 3 and 4, a yield of 95 percent for groundwood
pulp has been used for all species, and the 5 percent loss has been
assumed to consist of 3.5 percent water-soluble material and 1. 5 per-
cent screenings.

The calculated yields of pulp per cord of wood given in table 3 and the
cords of wood required per ton of pulp given in table 4 may differ from
those obtained in commercial operation for a number of reasons, some
of which are pointed out in the footnotes. On the basis of pulpwood and
wood -pulp statistics, the U. S. Tariff Commission reported in 1938 the
average of cords of wood required to make one ton of air-dry pulp by
the principal processes was: Sulfite pulp, 1.965 cords; sulfate pulp,
1. 786 cords; soda pulp, 1. 813 cords; and groundwood pulp, 0.973 cord.

A notable difference between softwoods and hardwoods is observed in
their fiber length. In general, softwoods produce longer fibered pulps
than hardwoods and are preferred for most kinds of paper for this rea-
son. The fiber length, among other structural characteristics of fibers,
has an influence on the strength and other properties of the pulp and of
the paper in which the pulp is used. Tables 1 and 2 contain reported
values for the average fiber length of a number of the species.
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Table 4.-~Cords of rough logs required per ton of moistu 2-free pulp for various kinds and percentage ylelds of pulp, and densities of wo

:Yield

Yield of semichemical pulp2

Yield of chemical pulp2

Density:
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