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Summary

Five species commonly found in farm woodlands in various parts of the United
States were pulped and made into roofing felts. Jack pine appeared most suit-
able, aspen and cottonwood intermediate, and hickory and blackjack oak least
suitable for the purpose. Pulps of all five woods could, however, be used in
varying proportions with repulped newspaper under appropriate manufacturing
conditions.

Pulps mere made by grinding the woods on a pulpstone and by fiberizing raw,
steamed, or semichemically cooked chips in a disk mill. Some of the pulps
were evaluated for roofing felt by means of test sheets made from unrefined
pulps, while other test sheets were made after refining the pulps in a test
beater, mixing them with varying percentages of repulped newspaper, mixing
certain pulps together, or, in one case, mixing the pulp with repulped fiber
of kraft corrugated boxes. Results of the tests on the test sheets were
verified, in most instances, with tests of roofing felts made from the pulps.
Results of these tests were compared .with those of similar tests made to
ascertain the properties of commercial felts.

Introduction

Heavy demands for roofing felt, coupled with the scarcity and high costs of
rags, have created a need for substitution of cheaper and more abundant raw
materials for all or part of this material, which is still used in large
quantity by the roofing-felt industry. Wood fiber prepared by the Asplund
process or defiberized in an attrition mill constitutes most of the raw mate-
rial, other than rags and waste paper, used by this industry. The amount of
coarse wood fiber that can be used has been limited by strength requirements
and other quality factors.

1
–This investigation was conducted with funds provided under the Research and

Marketing Act.

?Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
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If the proportion of wood used in this commodity could be increased, or if
more low-grade wood could be used, especially low •Trade'species and trees, an
improvement of timber stands would result and a better market for low-grade
wood and trees would be created. Since the wood used in roofing felt is
generally obtained from farms within a 300-mile radius of the mills, any in-
crease in the amount or kind of wood used would increase the demand for farm
woods. The farmer would also have a better chance to improve his woodland by
removing the low-grade or less useful kinds of trees.

Although the requirements of a roofing felt are not very exacting, there are
differences of opinion as to which kinds of wood are the more suitable, the
effect of bark, and the suitability of low-grade wood. The tests here des-
cribed provide partial answers to these questions.

Raw Materials

The woods used in these tests were quaking aspen (Populus tremuloides), black-
jack oak (Quercus marilandica), jack pine (Pinus banksiana), swamp cottonwood
(Populus heterophylla), and pignut hickory,(Carya glabra). A description of
the woods used is given in table 1..4

Aspen is a rapid-growing, short-lived species. It is suitable for pulpwood
and is used for that purpose, but is not in heavy demand for other uses. It
is available in quantity on farms in the Lake States and Northeastern States.

Blackjack oak is a scrub species of the red oak group and is not now in demand
for any purpose. It is available in quantity in small sizes through the
Southern and some of the Central and'South Atlantic States.

Jack pine is largely available in small sizes suitable for pulpwood and not
well adapted for saw1ogs. It grows chiefly in the Lake States and to some
extent in the Northeastern States.

Swamp cottonwood is a rapid-growing species found chiefly in the bottomlands
of the water courses of the Central, Southern, and South Atlantic States.

Pignut hickory, for the purposes of this study, may be considered to represent
the true hickories in general l.of which there are large quantities in the
eastern part of the United States. If of high density, the wood is desirable
for handle stock, picker sticks, and other uses requiring a strong, hard,
tough wood. If of low density for the species, or defective in other ways, it
is a wood for which a market is frequently lacking.

Waste newspaper and salvaged all-kraft corrugated boxes were used in mixtures
with the pulps made from these woods.

-The blackjack oak, swamp cottonwood, and pignut hickory used in these tests
were supplied by the Forest Utilization Service units of the Southern,
Central States, and Southeastern Forest Experiment Stations.
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Procedure  and Equipment

Chips prepared from the five woods were made into coarse-fibered pulps by
fiberizing them in a disk-type attrition mill, (a) untreated (in the green
condition, or after soaking in water), (b) after steaming at atmospheric
pressure, and (c) after digestion to a high yield by the neutral sulfite
semichemical process. In addition, aspen bark was fiberized in the mill
both in the untreated condition and after being steamed at atmospheric pres-
sure until thoroughly heated. The digestions by the neutral sulfite semi-
chemical (NSSC) process were made in a 13-cubic-foot digester loaded with
120 pounds (oven-dry basis) of chips. Different proportions of chemical to
wood and different cooking schedules were used, depending on the species, to
get relatively high yields. The fiberization of the untreated, steamed, or
digested chips was done in a 36-inch attrition mill equipped with fine-toothed
plates.

Coarse-fibered groundwood pulps were also prepared from each of the five woods
in an experimental pulpwood grinder equipped with a 54-inch diameter, coarse-
grit pulpstone using a 4-cut, 1-1/4-inch lead, spiral burring. The stone was
sharp in all cases.

Conditions for preparing the pulps and the power consumption required to
fiberize the materials are shown in table 2.

Some of the pulps were screened on a vibrating type of screen to remove the
major portion of shives. The screen consists essentially of a vibrating,
rectangular tray with a perforated (or wire) bottom. As the pulp suspension
fed at one end of the tray passes along, the fines go through the perforations
and the rejects travel to the opposite open end and drop off the screen.

Methods of Test

For evaluation of physical properties, the pulps were made into test sheets
having a basis weight of 340 pounds per ream (25 x 40 - 500) with and without
processing in a 1-1/2-pound test beater. Test sheets were also made up with
the pulps containing various proportions of repulped news, in combination
with the other prepared pulps, and, in several instances, in combination
with repulped kraft corrugated board.

Several commercial felts were tested and used as a standard for the evaluations.

When evaluation of the test sheets indicated that a furnish had properties
within the limits of those of commercial felts, a felt of the same furnish
was made on the Laboratory's paper machine and tested for comparison with the
commercial felts.

The freeness, strength properties, air resistance, density, and kerosene
absorption (saturation property) were determined in accordance with standard
methods adopted by the Technical Association of the Pulp and Paper Industry,
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except that test sheets having a basis weight of approximately 340 pounds
(for 500 sheets 25 by 40 inches in size) were used instead of 107-pound sheets
suggested for weak, relatively free pulp by the standard method. The kerosene
absorption is reported as both the percentage by weight of kerosene absorbed
and as the kerosene number, mhich is based on the relation between the
specific gravity of the kerosene used and the specific gravity of water (1.00).

Pliability was determined by bending 2- by 6-inch strips of the test sheets
or machine-made felts around small mandrels of known diameter. With the
machine-made material, the 6-inch length was in the machine direction of the
felt. If a strip showed only a slight tearing of fibers preliminary to break-
ing, the failure was classified as "partial." If a strip showed a complete
break on the outer face, the failure was classified as "complete." The test
result was stated in terms of the diameter of the mandrel at which the
particular type of failure occurred.

Discussion

Standards of Evaluation 

In evaluating roofing felts, tensile strength, kerosene absorption, pliability,
and air resistance are considered to be important properties. To establish
approximate guides by which the test results developed in this study could be
evaluated, a number of samples of commercial felts (weighing 50 pounds per 480

square feet) were tested (table 3). The limits for these properties were
found to be quite wide.

Tensile strength varied from 20 to 41 pounds per inch of width, or 354 to 690
pounds per square inch. This is the only strength property required of roof-
ing felt. It must be sufficient to hold the weight of the felt when it is
hung in approximately 40-foot loops prior to passing into the saturating
equipment. Although a tensile strength of about 28 pounds per inch of width
is considered to be a fairly general requirement for 50-pound felt, the lower
range of values obtained on these commercial felts was considered satisfactory
as a basis of comparison in this study.

The kerosene absorption number ranged from 194 to 222 for the commercial felts,
and pliability from 3/8 to 3/4 inch for complete failure.

Air resistance (Gurley) varied from 3 to 8 seconds per 100 milliliters. The
air resistance is used as a supplementary control test to indicate the
quantity of asphalt that a felt will absorb.

Although bursting strength and tearing resistance are not considered important,
these values are included in the tables to give more complete data for
comparative purposes.
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Effect of Various Treatments on the 
Tensile Strength of the Unrefined Pulps 

There was no appreciable difference in tensile strength between stocks from
untreated or steamed wood of the same species. The semichemical pulps, were
highest in nearly every case, as would be expected. Groundwood pulps were
somewhat higher in this property than either untreated or steamed wood. This
was probably to be expected; since the groundwood was not so coarse as the
unrefined, untreated,maisteamed wood pulps. Table 4 summarizes these values
for all treatments; compared with values given in table 3 for commercial felts,
only the semichemical pulps of blackjack oak, cottonwood, and aspen attained
or exceeded commercial standards.

Effect of Beating on Tensile Strength

For a given species, the rates of change in tensile strength produced by
beating ground rood pulp and pulp made from untreated or steamed wood were
quite similar and considerably lower than that of the semichemical pulps.
These rates of change in tensile strength with beating time vary between
the different species, but the general relationship is that shown for hickory
in figure 1.

Effect of Treatment on Kerosene Absorption
of Unrefined _Pulps 

Unrefined pulps of the four hardwoods, with the exception of the aspen neutral
sulfite semichemical pulp, had a range in kerosene number between 187 and 344
(table 5). The aspen neutral sulfite semichemical pulp had a much lower kero-
sene number (99), while those of the jack pine pulps were higher, with a range
of 424 to 562. It is probable that the higher absorption property of the jack
pine pulps is due to the fact that they are more fibrous and less compact.

In general, the kerosene absorption varied so greatly between species, method
of preparation, and degree of processing that the effect of pulp treatment on
this property is not clearly indicated. There appeared, however, to be some
tendency (a) for the untreated and steamed rood pulps from the hardwoods of
lower density (aspen and cottonwood) to have a higher kerosene number than
the other pulps from these species; (b) for all the pulps from the hard,,00ds
of higher density (blackjack oak and hickory) to have about the same kerosene
number; and (c) for the untreated and steamed wood pulps from jack pine to
have a lower kerosene number than the neutral sulfite semichemical pulp, but
a higher one than the groundwood pulp.

Effect of Beating on Kerosene Absorption

Kerosene absorption decreased with increase in beater refining time for all
treatments. This is illustrated for jack pine in figure 2.
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For all pulps, as beating time was lengthened, sheet density increased and
kerosene absorption dropped. Apparently, as the particles of material got
'smaller and more hydrated during refining, they timed a sheet of higher density
with smaller capillaries, which in turn took up less kerosene.

As air resistance increased with beating, the kerosene absorption tended to
decrease rapidly for the first few seconds change in air resistance beginning
at zero time. Kerosene absorption then tended to level off, with only a
slight decline as air resistance increased further. This tendency to level
off was quite definite at from 3 to 6 seconds.

Effect of Treatments on 
Pliability of Unrefined Pulps 

On the basis of the mandrel bending tests (table 6), pliability of test sheets
made from several of the unrefined pulps was marginal or better. These in-
cluded the steamed and neutral sulfite semichemical aspen pulps, the steamed
and neutral sulfite semichemical oak pulps,. and the neutral sulfite semichemi-
cal cottonwood pulp.

Effect of Beating on Pliability

Processing in a beater improved the pliability of sheets made from those
of the semichemical pulps which were unsatisfactory, bringing them to an
acceptable value, but had little or no effect on the pliability of any of the
other pulps. The jack pine neutral sulfite semichemical pulp formed a brittle
sheet until beaten for 20 minutes, after which quite pliable sheets could be
formed. Sheets made from fiberiZed raw or steamed jack pine and from jack
pine groundwood were stiff and brittle and showed no appreciable change even
after the pulp had been beaten 100 minutes.

Effect of Addition of Repulped
Newspaper on Tensile Strength 

The addition of repulped newspaper to groundwood pulp and to the pulps prepared
from untreated or steamed wood increased the tensile strength, which approached
that of newspaper as a limit. This is illustrated by the curves for the hickory
pulps shown in figure 3.

The effects of adding repulped news to pulp made from wood cooked to a high
yield by the neutral sulfite semichemical method were not so uniform as with
the steamed or untreated wood pulps. When newspaper was added to jack pine,
hickory, or blackjack oak neutral sulfite semichemical pulp, the tensile
strength was increased appreciably; in the case of cottonwood the increase
was less marked. With aspen, on ‘the other hand, the sheet was definitely
lowered in tensile strength with increased proportions of newspaper. When.
the tensile strength of the neutral sulfite semichemical stock was lower than
that of the newspaper stock, addition of newspaper increased it. When it was
higher, addition of newspaper lowered it; and when the tensile strength was
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about equal to that of the newspaper stock, addition of wastepaper made little
difference. These effects are shown in figure 4 for various mixtures of news-
paper stock with hickory, cottonwood, and aspen nedxal .sulfite semichemical
pulps. All of the tensile strength values are observed to approach the
strength of the newspaper stock itself (39 pounds per inch of width) with
increased proportions of repulped newspaper in the furnish.

Effect of Addition of Repulped 
Newspaper on Kerosene Absorption 

Kerosene absorption decreased with increase of the percentage of newspaper
stock for all species and treatments, with one exception. In the aspen con-
taining neutral sulfite semichemical pulp mixtures, there was an increase in
absorption with increase in newspaper in a more or less proportional manner.
The relationships were therefore similar to those pointed out for the effect
on tensile strength.

The effects of adding different amounts of newspaper stock to the mixture on
the kerosene absorption are illustrated in figure 5 for the aspen neutral
sulfite semichemical pulp and four jack pine pulps. Repulped newspaper had a
kerosene number of 167.

Effect of Addition of Repulped
Newspaper on Pliability

The addition of repulped newspaper almost invariably improved the pliability of
the sheet (table 7). An exception was the aspen neutral sulfite semichemical
pulp. Sheets of this pulp had sufficient pliability so that test specimens did
not break at the minimum bending diameter of three-eighths inch. Test sheets
of newspaper pulp alone also had sufficient pliability to remain very nearly
intact when bent around the 3/8-inch mandrel. Hence, no noticeable improvement
was obtained through addition of newspaper to this pulp.

Effect of Addition of Bark on Sheet Properties 

Although the four hardwoods were chipped and processed with the bark on, it
appeared desirable to determine the effect of additional amounts of bark on
the sheet properties of the pulps. The percentages of bark present on the
unchipped wood are shown in table 1. To insure no loss of bark during screen-
ing of the chips, only the oversize pieces of wood were removed; all of the
fines were remixed with the chips.

Aspen bark was steamed and fiberized in the disk mill and added to the aspen
neutral sulfite semichemical pulp. Additions of 20 and 40 percent of bark
decreased the tensile strength from 77 pounds per inch width to 35 and 23
pounds per inch width, respectively, without increasing the kerosene number
to an acceptable value. The fiberized aspen bark consisted of extremely
fine material with very little fiber. Since attempts to fiberize aspen as
well as jack pine bark so as to get less fine material were unsuccessful, no
additional combinations with bark were attempted.
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Mixtures Containing Pulps made from Untreated 
and Steamed Wood and Waste Paper 

Test sheets prepared from pulps of untreated raw or steamed wood of a single
species had insufficient strength or pliability unless from 40 to 60 percent
of repulped newspaper was added. Increase in the proportion of newspaper
stock lowered the kerosene absorption value and raised the strength and •
pliability, then a portion of the repulped newspaper was replaced with re-
pulped corrugated all-kraft box-board waste, the strength and pliability of
the sheets were improved. For example, a furnish containing 60 percent of
pulp from untreated aspen and 40 percent of repulped newspaper had a tensile
strength of 25.7 pounds per inch of width and a pliability value of 3/4 inch.
When 37.5 percent of the repulped newspaper (15 percent of the furnish) was
replaced by waste kraft, the tensile strength increased to 29.7 pounds per
inch of width and the pliability improved sufficiently to show only partial
failure when'flexed over a . 3/8-inch mandrel.

Groundwood Pulps 

Of the groundwood furnishes prepared in test-sheet form, only one, aspen
groundwood containing 40 percent of repulped newspaper, showed promise of
meeting the roofing-felt requirements. Test sheets of this furnish had a
tensile strength of 26,2 pounds per inch of width, and a kerosene number
of 211, and apparently satisfactory pliability.

Experimental Machine Runs

A number of combinations of the pulps appeared, on the basis of the test-
sheet evaluations, tofulfill . the minimum strength and kerosene-absorption
requirements tor roofing felt. Felts were made on the Laboratory paper
machine from the more promising of these combinations.

To determine if the felts made on the Laboratory machine had properties
comparable with the commercial felts of the same furnish, a quantity of
commercial felt was slushed in the beater and rerun on the Laboratory
machine. The furnish of this felt included 40 percent of mixed hardwood
Aeplund pulp, 40 percent of waste paper, and 20 percent of rags. Table 8
shows how closely the properties of test sheets and the Laboratory-made
felt compare with those of the original commercial felt.

In the machine runs made of various furnishes listed in table 9, the small
quantities of stock made it impossible to make minute adjustments on the
machine during operation to avoid some variation in basis weights. As a
consequence, some of the felts, especially those obtained from machine runs
Nos. 2,975, 2,992, 2,993, and 3,011, were underweight. The lower-weight
felts had a much higher kerosene number, slightly lower strength properties,
less air-resistance, and better pliability compared to the heavier ones with
the same furnish. This is seen, for example, by comparing machine runs Nos.
2,975 and 2,976. When consideration is given to these factors, it is believed
that the furnishes used in machine runs Nos, 2,992, 2,993, 3,008, 3,010, 3,007,
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3,006, 3,005, 3,009, and 3,011 would be satisfactory for commercially
produced felts if produced at the standard basis weights. The most interest-
ing furnishes were those represented by machine runs Nos. 2,993 and 3,008.
These two contained only 40 percent of repulped newspaper, and only mild
treatment of the chips was required.

Conclusions 

Among the woods used, when compared on an equivalent basis, jack pine appeared
most suitable for roofing felt; aspen and cottonwood were somewhat less and
about equally suitable; hickory and blackjack oak were least suitable. By
varying the severity of the semichemical cooking conditions, the degree of
refinement of the pulps and proportions of different pulps in the furnish,
however, it was indicated that any of the species could be used in some
quantity in combination with wastepaper.

Pulps made from untreated and steamed wood of the same species had about the
same tensile strength. Groundwood was slightly stronger, probably because
it was less coarse. Semichemical pulps were much the strongest. Tensile
strength increased with beating time at about the same rate for pulps made
from untreated and steamed wood and from groundwood. Semichemical pulps
increased in this property at a more rapid rate than the other pulps tested.
Addition of repulped newspaper tended to bring the tensile strength of the
combination nearer the strength of the newspaper stock in proportion to the
amount of newspaper added. If the original pulp was stronger than the news,
addition of news weakened it, and vice versa. It was usually necessary to
add 60 percent of repulped news to untreated or steamed wood pulps to get a
felt of sufficient strength. Pulp of kraft corrugated boxes was more effec-
tive in improving strength than was news.

The effect of the pulping process on kerosene absorption was not clearly de-
fined. Untreated and steamed wood pulps, however, seemed to have somewhat
higher kerosene absorptions. Kerosene absorption decreased with increase in
refinement by beating and with increase in air resistance. Increasing the
percentage of repulped newspaper in the furnish changed the kerosene absorp-
tion of a felt, bringing it closer to that of the news itself, either up-
wards or downwards as the case might be.

Pliability of semichemical pulps was increased by beating. Untreated wood,
steamed wood, and groundwood pulps were only slightly, if at all, improved
in pliability by beating. Pliability, in general, was improved with increase
of newspaper content.

By adding a relatively long-fibered stock to a relatively short-fibered stock
(both raw), it appeared possible to decrease the percent of newspaper some-
what below 60 percent.

Milled aspen bark contains very few of the longer fibers and is made up
mostly of fines. When mixed with aspen semichemical pulp, fiberized bark
lowered the tensile strength and only slightly increased the kerosene absorption.

Report No. R1739	 -9-



Satisfactory roofing felts were made on the experimenta'1 paper machine from
pulps that included all the bark present on the unbarked pulpwood. Several
combinations were found to be suitable. As much as 60 percent of untreated
or steamed wood pulp gave satisfactory results in mixture with waste nere-
print.
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Table 1.--Description of woods used

Species ; Ship- : Growth rate
ment :

: number:

Source :Diametera:Condition:Mois- :Bari
: when	 : ture :
: received: con- •
:	 2.: tent-:

n•n••.•

: Rings per inch :

-	 :
Quaking	 : 2,648 •	 •Wisconsin

: Inches :	 : Per- :Per-
: cent :cent

: 6 to 8 :Green,	 : 48.5 : 16

5 to 11

10 to 13

2,740 :35 in outer 2/5
: of radius,
: 21 in inner
: 3/5 of radius

aspen

Blackjack
oak

Jack pine : 2,586 :

Swamp cot- :
tonwood :

Pignut
hickory :

: Rapids, :
: Wis.	 •

:Central	 : 4 to 7

:Green Bay, :3-1/2 to
: Wis.	 :	 7

:Asheville, : 19 to 25
: N. C.

: unpeeled:

:Green,	 :

:Air-dried;
peeled :

:Green,	 :
unpeeled:

:Split,	 :
: partly :
: air-	 :

	

: dried	 •

	

,	 •
: unpeeled:

•

•

•

37.6 : 19

21.9 : 0

49.0 : 18

33.3 : 27

•

•

2,716 : 2-1/2 to 9	 :Southern :5-1/2 to
: Illinois : 7-1/2

: Louisiana:	 : unpeeled:

-The diameters given are outside bark with the exception of the jack pine,
which is inside bark.

2
-Based on total weight of wood and moisture.

-Based on total weight of moisture-free wood and bark.
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Table 4.--Tensile stren h of •ul reared b the various treatments

Species
	 Tensile strength of pulp

	

: Untreated wood ; Steamed wood : Neutral sulfite: 	 Groundwood
: semichemical

____--------1 .......
P.s.i.:Lb. per : P.s.i.:Lb. per : P.s.i.:Lb. per : P.s.i.:Lb. per

	

:in.width:	 :in.width:	 :in.width:	 :in.width

	

:	 t	 :	 :	 :	 :	 :

	

:	 •

	

.	 •.	 •

oak 	 .:	 23 :	 1.2 :	 14 :	 0.8 :	 398: 20.7 :	 66 :	 3.6

Hickory 	 :	 31 :	 1.8 :	 30 :	 1.9 a	 121 :	 8,5 :	 51 :	 3.1

Cottonwood 	 :	 36 :	 2.4 :	 43 ;	 3.4 :	 748 : 37.6 I 140 :	 8.0

Aspen 	 • 203 : 13.4 : 165 : 11.2 : 2,730 : 83.6 : 339 • 19.5
Aspen 	 3 2,220 : 77.0 • 	 ,  •

Jack pine...;	 16 :	 1.6 :	 24 :	 2.7 :	 59 :	 6.4 : 166 : 12.0

Jack pine...:	 42 :	 3.7 : 	  : .	 •	 176 : 15.8 •	 •
•

Table 5.--Kerosene number of pulps prepared by various treatments

	

Species :	 Kerosene number of pulp

: Untreated wood : Steamed wood : Neutral sulfite : Groundwood

	

:	 :	 : semichemical	 :

:

	

Blackjack oak:	 218	 :	 344

	

Hickory .... ..:	 249	 :	 256

	Cottonwood...:	 277	 ;	 231

Aspen, 	 •	 294	 1	 269

Jack pine 	 •	 485	 :	 315

Jack pine 	 	 424	 : 	 •
•
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Blackjack	 :

229
291
301
259
497

187
288
187

99
562



Table 6.--Pliability of_pulps prepared by various treatments 

Species Mandrel diameter at which pulp failed

: Untreated wood	 Steamed wood 2 Neutral sulfite: Groundwood
semichemical :

:Partial:Complete:Partial:
:failure:failure :failure:

Complete:Partial:Complete:Partial:Complete
failure :failure:failure :failure:failure

:Inches : Inches :Inches : Inches :Inches : Inches :Inches : Inches 
2	 2

	 : -
Blackjack
	

•
	

2
oak.. 	 •	 ..	 1.1/4 :	 7/8 :	 3/4 :	 3/4 :	 1/2 •	 •

Hickory	 • 1-1/4 :	 7/8 •	 • 1-1/4 : 1-1/4 :	 7/8 	
Cottonwood.: 1	 :	 7/8 : 1-1/4 : 1	 :	 3/4 :	 1/2 	
Aspen 	 • 1-1/4 : 1	 :	 7/8 :	 3/4 :	 3/8 •	
	 - 1-1/4 	Jack pine  •	 .	 • 1-1/4 : 1-1/4 : 7/8 •	  1-a
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Table 7.--Effect of addition of repulped newspaper on pliability
of test sheets 

Species	 : Treatment : Repulped :	 Pliability
:	 : newspaper : 	
:	 : content :	 Mandrel diameter
:	 :	 for failure
:	 : 	
:	 •	 : Partial	 Complete
:	 : 	 ; failure : failure

	 r	 :	 : 	 : 	
r	 : Percent :	 Inches	 :	 Inches 

Aspen	 •Untreated :	 0	 i	 1-1/4	 : 1
	20 	 :	 1	 :	 3/4

:	 4o	 1	 :	 3/4
:	 60	 3/4	 :	 1/2
:	 .	 :

Aspen 	  :Neutral sul :	 0 
	 3/8	 •

: fite semi- :	 20	 ;	 3/8	 •	
: chemical	 :	 :	 :

Blackjack oak 	 .:Untreated :	 0	 •	 •	 1-1/4
:	 20	 7/8	 :	 3/4
:	 40	 3/4	 :	 1/2

Jack pine 	 •Untreated	 :	 0	 	 lit	 1-1/4
:	 ;	 20	 1-1/4	 :	 7/0

:	 40	 7/8	 3/4
:	 60	 1/2	 3/8

Cottonwood	 •Steamed	 0	 1-1/4	 : 1
:	 20	 1	 :	 7/8
::	 :	 40	 7/8	 :	 3/4
:	 60	 3/4	 :	 1/2
3	 :

Hickory	 •Groundwood :	 0	 	 • 1-1/4
:	 20	 1-1/4	 7/8
•

	

40	 7/8	 3/4
:	 •

Hickory	 •Neutral sul-:	 0	 1-1/4	 7/8
: fite semi- :	 20	 7/8	 3/4
: chemical :	 40	 7/8	 3/4
:	 :	 60	 1/2	 3/8
•.	 :
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.Table 8.--Comparison of test sheets and  Laboratory machine-made felt with
commercial felt of same furnish

:Weight:Thick-:Den-:Bursting:Tearing:Tensile : Kero- : Air :Pliability
: (480 : ness :sity:strength: re- :strength: sene : re- : 	
:square:	 : sist- :	 :absorp-:sist-: Mandrel
: feet):	 : ance :	 : tion : ance: diameter

• :	 for
:	 :	 : complete

	

:	 :	 : failure

Lb. : In. :Gm. :Pts. per:Gm. per:Lb. per : No. : Sec.:	 In.__	 __  
:	 :	 :RE • lb.ner :lb. per:in.width:	 ::• _.....4....-..-
::	 :cc. :	 rm.	 :	 rm.	 :	 :	 :

•••	 .
Commercial • •:	

•	 •
	felt 	  48 :0.061 :0.31:	 0.08 :

	Test sheets: 47 : .050 : .38:	 .08 :

Laboratory-:.	 •	 •• •

	made felt : 49 : .053 : .36:	 .07 :

0.77 : 27 : 214 : 4 :

.75 : 20 : 200 : 7 :

: : •. :

.85 : 23 : 203 : 4 :

1/2

3/8

3/8
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Figure 2.-4-Effect of beating on kerosene absorption of coarse-fibered

z 80731 F pulp made from jack pine.



1190 PERCENT, NEWSPAPER -Al

c,

f
LEGEND:
0 UNTREATED

•	 NEUTRAL'

i

•	 STEAMED_WOOD

–SEMIGHEAV
n GROU/VDWOOD

WOOD

SULFITE
CA

.
PULP

PULP
PULP

L PULP

20	 40	 60	 80
	

100
NEWSPAPER CONTENT (PERCENT

40

0
0

Figure 3.--Tensile strength of test sheets composed of various mixtures
of repulped newspaper and coarse-fibered pulp made from pignut
hickory.

Z,M 80732 F



80

70

60

50
oc
CL

(I)

40

Z
30

(I)
Lu
()1 20

/0

0

40

ASPEN

100 PERCENT

*
COTTONWOOD

NEWSPAPER

III

•

H/CKORY

0	 20	 40	 60	 80
NEWSPAPER CONTENT (PERCENT)

/00

Figure 4.--Tensile strength of test sheets composed of various mixtures
of repulped newspaper with aspen, cottonwood, and pignut hickory
neutral sulfite semichemical pulps.

Z 14 80733 F



600

500

400
Ct

300

k&J

k 200

100

LEOEND:
- A JACK PINE, STEAMED.
• JACK PINE, UNTREATED
n JACK PINE, GROUNDWOOD
0 JACK PINE, NEUTRAL SULFITE

SEMICHEMICAL
0 ASPEN, NEUTRAL SULFITE

SEMICHEIWICA L.

D---------------

20	 40
	

60
NEWSPAPER CONTENT (PERCENT)

0
O

Figure 5. 7-Kerosene number of various mixtures of repulped newspaper
With jack pine and aspen coarse-fibered pulps.Z '11 80734 F


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24

