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Summary

Groundwood pulping experiments were made at the Forest Products Laboratory on
seven untreated and two pretreated hardwoods at various pressures and stone sur-
face conditions ranging from sharp to dull. Paper suitable as a base for coated
groundwood book grades was made with six of the untreated hardwood groundwoods
and toweling paper was made containing the untreated and pretreated groundmoods
prepared from one of the species.

The grinding characteristics of cottonwood and yellow-poplar were similar and
pulps were produced, which although they were short-fibered, and required con-
siderable energy, mere comparable in strength with commercial newsprint ground-
wood pulp. Black tupelo and sugar maple pulps were of fair strength, but those
from sweetgum, white ash, and paper birch were low in strength. The color of
the black tupelo, yellow-poplar, and white ash pulps was good, and that of
cottonwood and paper birch was fair. Pulps made from sweetgum and sugar maple
were dark, and unbleached, would be limited in their use.

_Presented at the TAPPI Mechanical Pulping Conference, Sept. 27-29, 1948,
Poland Spring, Maine. Published in Pulp & Paper Mag. of Canada, Jan. 1949;
Tappi, Feb. 1949.

-The paper-making experiments reported herein were conducted by P. h. Baird,
Chemist, and G. E. Mackin, Technologist. Acknowledgment is made to the
Champion Paper & Fiber Co., Canton, N. C., for its cooperation in many of
the groundwood investigations and paper-making experiments.

Maintained at. Madison, Wis., in cooperation with the University of Wisconsin.
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Pretreatment of paper birch wood with neutral sodium sulfite increased the
strength, freeness, and fiber length of the pulp, and decreased energy consump-
tion without affecting the color. Similar pretreatment of sweetgum caused the
production of pulp with high freeness and greater fiber length at lower energy
consumption than from the untreated wood but did not improve its low strength.

The groUnAwwd pulps were mixed with bleached sulfate pulp and made into coat-
ing stoc*: fer book paper. Toweling paper was made from mixtures of the pre-
treated and uaroated paper birch grOundwoods with spruce groundwood and sul-
fite pulps. The tests indicate that, though the hardwood groundwood pulps are
lower in strength than softwood groundwood pulps prepared under comparable con-
ditions, they can be blended with stronger pulps and made into acceptable
papers. Without bleaching some of them would have limited use in the whiter
papers.

Introduction

The utilization of little-used species for pulping has received considerable
attention with the decrease in availability of the preferred species and also
with the realization that the harvesting of hardwoods along with the softwoods
results in better forest stands. In order to encourage and permit greater uti-
lization of hardwoods for groundwood pulping, it is necessary that more informa-
tion be obtained on their grinding characteristics and the properties of pulps
produced from the various hardwood species.

This report presents the results of groundwood pulping and'paper-making experi4-
ments made at the-Forest Products Laboratory on seasoned Eastern cottonwood
(Populus deltoides Bartr.), yellow-poplar (Liriodendron tulipfera L.), a hard
maple (probably sugar maple, Acer saccharaphorum K. Koch), black tupelo (Nyssa
sylvatica Marsh), paper birch (Betula papyrifera Marsh), sweetgum (Liquidambar
styraciflua L.), rtite ash (Fraxinus americana L.), and also on pretreated
paper birch and sweetgum.

Previous Work

The amount of published information on the grinding of hardwoods is small com-
pared to that on coniferous woods. Studies made previously at the Forest
Products Laboratory on swamp tupelo, paper birch, green ash, sugarberry, Eastern
cottonwood, black willow, and American elm showed that satisfactory pulps can
be made from most of these species for use in certain groundwood furnishes (1).
This work as well as that of a number of others on groundwood pulping of hard-
woods and pretreated wood has been briefly reviewed (2). Experiments made at
the Forest Products Laboratory on the grinding of quaking aspen indicated that
a dull stone surface was preferable for producing a pulp of a given strength in
the freeness range usually used for book paper although certain of the pulps
prepared on the sharper stone surfaces also appeared to be satisfactory in the
experimental paper machine runs on book paper (3).. More recently at the Forest
Products Laboratory (4) it was experimentally shown that the sheet properties of
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a commercial base stock for coated paper consisting of 50 percent aspen ground-
wood of low freeness and 50 percent of softwood sulfite could virtually be
duplicated by using an aspen groundwood of higher freeness and substituting
aspen semichemical pulp for 60 percent of the sulfite. This substitution
raised the aspen content of the paper from 50 percent to 80 percent.

Description and Preparation of the Wood

The wood used in these experiments was received at the Forest Products Labora-
tory from Canton, North Carolina, except for the black tupelo which came from
Houston, Texas, and the paper birch which came from Rhinelander, 1Nisconsin.
Table 1 presents data on diameter, age, rate of growth, and density of the
various samples.

The wood„when received, was peeled and contained 20 to 30 percent moisture ex-
cept the black tupelo, which was somewhat higher in moisture content. The
cottonwood, yellow-poplar, and sugar maple consisted of split and whole logs.
The other species were whole logs. The pulps used for the paper machine runs
were prepared shortly after the wood was received. Most of the other pulping
experiments, however, were made about a year later. The wood had been stored
out of doors and was therefore fairly well seasoned when used. The logs were
cut into blocks 6 inches in length and assorted into comparable batches of 70
to 100 pounds each. The samples thus prepared were stored unprotected' out of
doors, being used (one batch to an experiment) as needed, through the winter and
following summer. The experiments were by this time about half completed. To
retard deterioration, the remaining blocks were stored in a room at 40' F. and
used as needed 'until the experiments were completed. For experiments added to
the original plan, it was necessary to prepare additional batches of cottonwood,
maple, and paper birch for use with the dull stone surface conditions (recorded
in series D of the tables). For pretreatment, the sweetgum and paper birch
logs were cut into 25-inch lengths which, after being treated, were each cut
into four pieces without trimming the original ends.

Grinder Equipment and Operation

The Forest Products Laboratory experimental grinder and the method of operation
used in these experiments were essentially as has been described previously (3).
Briefly, the grinder has three pockets 16 inches wide and takes blocks of Wood
cut 6 inches long with the grain. A 54-inch diameter by 8-inch wide Norton
3760/5N7 pulpstone dressed with a 10-cut, 1-1/2-inch lead, spiral burr and a
14-point diamond burr was used for runs 480 through 493, the pulps which were
used for the paper machine runs on book coating stock. For the remaining runs
a Norton 38A90-L1OVP pulpstone with the same burr pattern was used.

The groundwood pulps were screened through flat plate screens having slots
0.008-inch wide and dewatered on a wet machine when the pulp was to be used
for paper-making experiments or on a suction filter when only a test sample
was taken.
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Pulp test sheets of about 115-pound-basis-weight (25 x 40 - 500) were made and
tested by TAFfI Standard . Methods. The screen analyses were made with an
Appleton selective screen.

Pretreatment of Wood

Smetgum and paper birch, examples of southern and northern high-density hard-
woods, respectively, were subjected to a vacuum-pressure treatment in a solu-
tion consisting of about 80 grams per liter of sodium sulfite and 20 grams per
liter of sodium bicarbonate. Table 2 presents data on the treatments.

For grinder runs 529 and 530, made on the sharp surface in series A, the two
species were treated together in a vertical digester of about 10 cubic feet
capacity. A. four-cycle treatment was used consisting of (1) a half-hour
vacuum stage with the wood immersed in the treating solution, '(2) heating
the solution to 250° F. with both direct and indirect steam followed by
direct steam on top of the liquid to increase the. pressure to 14(rpounds per
square inch and to maintain it for half an hour, (3) relieving of pressure
and applying vacuum for half an hour, and (L i ) applying heat and pressure to
250° F. and 140 pounds per square inch, respectively, for one-half hour. The
pressure was then relieved, the liquor drained, and the wood discharged and
ground within 2 hours.

The wood for grinder runs in series C and D was pretreated in a horizontal
cylinder 6 feet long by 2 feet in diameter. Because of the limited capacity
of this cylinder and the greater quantity of wood to be treated than for runs
in series A, the two species were treated separately. The treatment for both
species consisted of two stages (1) a 1-hour vacuum stage during which the
treating solution Was drawn in and (2) a 1-hour pressure stage with the tempera-
ture at about 250 0	and pressure of 150 pounds per square inch obtained by
compressed air on top of the liquid. The pressure was then released and the
liquor drained.

The temperature inside of the treating cylinder was measured by means of a
thermocouple place inside the door. Observations in other experiments made
subsequently with this cylinder, however, indicated the temperature to vary
from 10° to 20° F. from one part of the cylinder to another. Since there was
no forced liquor circulaV.on, it is conceivable that this temperature differ-
ence might be due to stratification. A certain amount of variation could,
therefore, be expected between one treatment and another because differences
in charging the wood probably would affect natural liquor circulation.

The wood for the runs 612-617, inclusive, on the medium-dull surface, series C,
was discharged from the cylinder and ground immediately, whereas the wood for
runs 666-671, inclusive, on the dull surface, series D, was allowed to remain
in the cylinder overnight (about 15 hours) after draining the liquor and before
grinding. Due to the slow cooling a greater degree of softening of the wood
might have occurred in the latter case, which may partly account for the freer
pulp produced in this series than in series C.
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Grinding and Paper-making Experiments

Grinder runs 480 through 493, were first made on cottonwood, yellow-poplar,
black tupelo, sugar maple, sweetgum, white ash and, for comparison, on
southern yellow pine to produce pulps of about 100 cc. Canadian Standard free-
ness for paper-making experiments on book coating stock. Later a more compre-
hensive study on the grinding of the above species, except the southern pines
but including paper birch and also pretreated paper birch and sweetgum, was
made. The grinding experiments were made on each species at four different
stone surface conditions varying from sharp to dull. The stone surfaces were
about the same as those used in a concurrent study on aspen in which the sur-
faces were arbitrarily selected on basis of the freeness of aspen pulp produced
at 15 pounds pressure of wood on stone and a pit temperature of 165° F. The
stone surface was dulled by grinding miscellaneous wood and by use in other work
until trial runs on aspen at the above conditions produced pulps of about 200,
120, 90, and 60 cc. freeness (Canadian Standard).* These stone surfaces are
referred to, in this study, as sharp (series A), medium-sharp (series B.),
medium-dull (series C), and dull (series D), respectively. The time of
service on the pulpstone prior to the start of the experiments in each series
was about 30, 77, 247, and 372 hours, respectively.

Grinder runs were made on all species at a pressure of 15 pounds per square
inch-of rood on stone at each of the four stone surface conditions. In addi-
tion, runs were made on all species at 20 and 25 pounds pressure on the medium-
dull and dull surfaces. On some species, runs were made on the dull surface
at 35 pounds pressure. The pretreated sweetgum and paper birch were ground at
the same conditions as the untreated wood except that no runs were made on the
medium-sharp stone surface. Tables 3, 4, and 5 present the data on grinding
characteristics and pulp properties.

Experimental paper machine runs were made to produce groundwood book coating
stock paper. The furnishes of these runs consisted of 40 percent of commercial
bleached pine .sulfate and 60 percent of one of the groundwood pulps. Paper
machine runs of toweling paper were also made in which pretreated or untreated
paper birch groundwood pulps were substituted in part or entirely for the
spruce groundwood. Each of the four different fibrous furnishes were run (a)
without wet-strengthening resin and (b) with 2 percent melamine wet-strengthen-
ing resin. Data for the book paper machine runs are presented in table 6, and
for the toweling paper runs in table 7.

Discussion of Results

Eastern Cottonwood and Yellow-poplar

The grinding data on the Eastern cottonwood and yellow-poplar are presented in
table 3. These low-density hardwoods had similar grinding characteristics and
the pulp properties were similar except for those obtained in series D on the
dull stone surface conditions. The grinding of both species produced short-
fibered pulps containing very small amounts of fiber retained on the 24-mesh
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screen. Increasing the grinding pressure on the duller surfaces did not in.-
crease the proportion of coarser fibers. No difficulty wad' encountered in
grinding these low-density species at 35 pounds per square inch with three
pockets in simultaneous operation on the dull surface in contrast to the
higher-density maple and black tupelo with which there was a decided tendency
toward burning in the third pocket even though a top shower was used. It was
found that pulps satisfactory for certain furnishes can be obtained from both
cottonwood and yellow-poplar on various stone surfaces with moderate energy
consumption by adjusting the grinding pressure. Cottonwood pulp equal in
bursting and tensile strengths to the average of commercial newsprint pulps
was produced with an energy consumption of about 90-horsepower days per ton
of oven-dry Wood. It was indicated that roughly the same results could be ob,-;
tained with yellow,poplar. .The yellow-poplar pulps were good in color and
averaged nearly 60 percent in brightness whereas the cottonwood was only fair
in color, being perhaps in the low range with respect to color of newsprint
grade of pulps.

Cottonwood and yellow-poplar pulps, runs 482 and 489 1 respectively, prepared on
the dull surface of a Norton 3760/5N7 pulpstone were higher in freeness and
average fiber length than the pulps prepared'under similar conditions (runs 641
and 646) on the Norton 38A90-4,10VP pulpstone, but the pulps made on the two
stones were about, equal in strength when compared on the basis of equal energy
Consumption. Cottonwood pulp,-run 482, was similar to that reported previously
(1) except that it was somewhat higher in energy consumption and lower in free-
ness. The exact cause of these differences is not known and they probably
indicate the variations that might be expected under different conditions of
grinding and lotsof wood having different moisture content.

Sugar Maple, Black Tupelo, and White Ash

The higher-density sugar maple, black tupelo, and white ash ranged from 31.2
to 34.0 pounds per cubic foot (oven-dry weight, green volume). The grinding
data on these species are presented in table 4.

The pulps produced were short fibered with practically no fiber retained on
the 24-mesh screen and very little in most cases on the 42-mesh screen. The
amount passing the 150 mesh screen was high (60 to 87 percent) Tor all three
species, with the ash pulps having in general the highest percentages of this
fraction and the lowest fiber length indexes. Tests for freeness were, in
some cases; inaccurate because of the high percentage of fines in the pulps.
In freeness tests of pulps of this character, fines pass through the screen
or perforated plate of the testers. This occurs more with the Canadian
Standard tester in which the openings in the perforated plate are larger than
in the Schopper-Riegler tester.

Pulps of good strength were obtained from the maple in series D on the dull
stone surface but the energy consumption was very high and the freenesses low.
Pulp about equal in bursting and tensile strengths but lower in tear than an
average of a nuMber of commercial newsprint grade.pulps was prepared from the
maple with a consumption of about 100-horsepower days per ton of oven-dry
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wood and from black tupelo with slightly higher energy consumption. The color
of the maple pulp was dark while that of the black tupelo was good.

The ash pulps were very short fibered, and low in strength, but of fairly good
color. The freeness of most of these pulps was probably too low to permit their
use in a newsprint type of paper but might be suitable in limited amounts for
book and magazine papers. The green ash pulps reported previously (1) were
slightly higher in bursting strength than the pulps prepared from the white
ash in the present work.

The sugar mTle, black tupelo, and white ash pulps, runs 480, L87, and 488,
prepared on the dull surface of the Norton 3760/5N7 pulpstone and used for
book paper-making trials, were higher in freeness, of greater fiber length,
lower in energy consumption, and on the average higher in strength than those
prepared later on the dull surface of the Norton 38A90-L1OVP pulpstone.

Treated and Untreated Paper Birch and Sweetgum

Table 5 presents the data on the grinding of paper birch and sweetgum.
The pulps prepared from the untreated woods were short fibered and generally
low in strength. As with the other higher-density hardwoods, practically no
fiber was retained on the 24-mesh screen and very little on the 4.2 meshscreen
with 57 to 77 percent passing the 150-mesh screen. The freeness of the pulps
was generally low, although some increase was obtained by em ploying higher - •
grinding pressures. The paper birch pulp was fair in color and the sweetgum
was dark, The sweetgum pulp, run L186, used for the book paper-making experi-
ment had higher freeness and greater fiber length, but much lower strength
than most of the sweetgum pulps prepared later. The lower strength of the
pulp is reflected in lower strength in the paper as will be mentioned later.

The grinding of the treated paper birch and sweetgum resulted in pulps of,
higher freeness and greater fiber length which were produced at higher rates
of grinding and at much lower consumptions of energy than those made from the
untreated Woods under the same conditions of grinding. Pulps made from the
pretreated birch were higher in bursting and tearing strengths, as well as
:;.n tensile strength in some instances, than those made from the untreated
wood. On the other hand, the pretreated sveetgum pulps had about the same
low strength as the untreated sweetgum pulps even though the pulps differed
greatly in energy consumption, freeness, and screen analysis.

The color of the pretreated wood pulps was, on the average, about the same as
that of the untreated wood pulps. The brightness of pulp test sheets prepared
on the same day that the pretreated wood pulp was made, was up to 10 per-
centage points higher than that of sheets prepared several days later. There-
fore, it would be desirable to dewater or wash the pulp shortly after grinding
if color is important.

Some of the pulps prepared from the pretreated woods were coarse, though not
shivy, as.indicated by their freeness and screen analysis. In view of the
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high freenesses obtained on the dull stone surface, it is indicated that pre-
treated wood can very likely be satisfactorily ground on much duller stone sur-
faces than are ordinarily used. Though the surface condition D was too dull for
grinding most of the seasoned untreated hardwoods studied, it still appeared to
be too sharp for the treated woods. As an indication of possible strength
development with these high-freeness pulps, a mixture of equal parts of paper
birch pulps from runs 666 and 667 was found, after beating in a laboratory
beater, to have been increased in bursting and tensile strengths to values
equal to those of spruce groundwood of comparable freeness.

Paper-making Experiments

In the groundwood book paper-making experiments, there was considerable varia-
tion in stock freeness in the different runs but no significant differences in
machine operation were observed. The bursting and tensile strengths of papers
containing 60 percent black tupelo, sugar maple, white ash, cottonwood, and
yellow-poplar ranged from 5 to 20 percent lower than those of the paper contain-
ing the same amount of pine groundwood used for comparison (M.R. 2736), but the
paper containing the sweetgumgroundwood was about 45 percent lower in these
properties. The papers containing hardwood groundwoods (with the exception of
that containing sweetgum) were about equal in bursting strength to a book paper
furnish (M.R. 2601) consisting of commercial spruce and aspen groundwood and
bleached sulfite pulps. Their tensile and tearing strengths were somewhat
higher than this standard, probably because of their content of bleached sulfate
pulp. The results indicate that the development of a base paper for coating
having satisfactory strength by combining hardwood and softwood groundwoods and
chemical pulps is highly possible.

The brightness of the papers containing black tupelo, yellow-poplar, and white
ash groundwoods were about equal to or higher than those containing the pine
groundwood, while those containing sugar maple, sweetgum, and cottonwood were
considerably lower. The brightness of the paper made in these runs was in
almost every instance about equal to that of the groundwood pulp used even
though 40 percent of the furnish consisted of bleached sulfate pulp of relatively
high brightness. Improved brightness in these papers would undoubtedly have
resulted if thegroundwood had been bleached. Studies optawlskaching of these
groundwood pulps have been reported (5). The hardwood,papers were fairly
comparable to the standards in density, gloss, and opacity.

In the experiments on'paper toweling, the absorbency of either the nonwet-
strengthened or the wet-strengthened papers was not altered much by substi-
tuting untreated birch groundwood for half of the spruce groundwood, but com-
plete substitution resulted in considerable decrease in absorbency. These
results are not in full agreement with the former experiments (1), which
showed an appreciable improvement in absorbency of a nonwet-strengthened
toweling when about half of the spruce groundwood was replaced with birch
groundwood. A substitution of all the spruce groundwood with pretreated birch
groundwood had little effect on the absorbency of the nonwet-strengthened
papers but caused an appreciable increase in absorbency in the wet-strengthened
papers.
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The dry bursting and tensile strengths of the toweling papers containing birch
groundwood were about equal to those containing spruce groundwood but the tear-
ing strength was lower. The wet tensile strengths were increased in all of the
furnishes by the addition of 2 percent melamine resin to the beater, but the
water absorbency was decreased considerably. The color of the paper containing
the birch groundwood was about equal to that of the standard spruce groundwood
toweling. Several samples of the paper were submitted to a manufacturer of
toweling paper for embossing and folding. Though the results of these tests
were not entirely satisfactory, because at the time the machines were adjusted
for handling a stiffer toweling paper, the comments made on the experimental
papers, however, were favorable with respect to their softness and the likeli-
hood that such paper would be acceptable commercially.

Conclusions

Though the groundwood pulps obtained from both low- and high-density hardwoods
are lower in strength than pulps prepared under comparable conditions from the
commonly used softwoods, these tests indicate that they can be blended with
stronger pulps and made into acceptable papers. Without bleaching some of
them would have limited use in the whiter papers.
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Table Lo•-Physical characteristics of the wood

Spdcies	 :Average :Average:Average rate:
of growth :

Rings per :
inch

5.1
5.3

14.5
19.0
25.0
8.0

12.6

Density (oven-dry weight
and green volume)  :diameter: age :

: Inches : Years :  Pounds per cubic foot

Yellow-poplar 	 •	 8.9 : 22
Eastern cottonwood 	 •
Sugar maple 	 i...:	 7.3 :	 53
Black tupelo 	 4...2	 11.1 : 106
White ash: 	 ....:	 7.8 :	 97 :
Paper birch	 •	 6.0 :	 24 :
Sweetgum.. 	 	 6.0 :	 38 :

24.9
23.5
31.5
31. 2
34.0
30.0
29.6

Table 2.--Pretreatment-of wood for grinding

Dryness of :
wood

Before:After :
treat-:treat-:
ing : ing

Per- : Per- :
cent : cent

Before treating

Na2 S03 : NaBC03

Gm.per :Gm.per
liter : liter

:After treating:

:Na2S03:NaHCO3

:Gm.per:Gm.per :
: liter: liter :

Species : Liquor analysis	 • Groundwood pulping
experiments

Grinder - run :Stone
numbers :surface

:condition
•

1

Paper birch: 68.3
Sweetgum	 78.8

•

:

:

52.2
52.7

:
:

83.0 : 19.2
. 1

48.0 : 16.7 529
530

A
A

Paper birch: 80.7 : 44.5 : 83.3 : 20.8 80.5 20.4 612,613,614 :

Sweetgum	 : 79.0 48.9 : 77.8 : 18.9 : 75.4 : 17.8 : 615,616,617 :
•
•

Paper birch: 83.0
•

: 48.6
•

: 75.8 : 19,8 : 69.4
•

: 16.2 : 666,667,668 :
• 1

Sweetgum	 : 86.0 : 47.7: 77.8 : 18.4 : 76.2 : 17.4 : 669,670,671 :

-Low value probably due to dilution since direct steam was used in this treatment.
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