
AGRICULTURE ROOM

AMC CARTON MARIA FROM

CERTAIN LAKE STATES

SOFTWOODS AND 1-1ARDWCOUS

April 1960

No. 2187

JUL 2 1 1960

FOREST PRODUCTS LABORATORY

MADISON 5, WISCONSIN

UNITED STATES DEPARTMENT OF AGRICULTURE

FOREST SERVICE

is Cooperation with the University of Wisconsin

1111	 111111111111111111

111111111111



MILK CARTON BOARDS FROM CERTAIN LAKE

STATES SOFTWOODS AND HARDWOODS 

D. J. FAHEY, Technologist
R. M. KINGSBURY, Chemist!

E. L. KELLER, Chemical Engineer
J. S. MARTIN, Chemical Engineer

Forest Products Laboratory, Forest Service
U. S. Department of Agriculture

Digest of Results

An investigation was made to determine the possibility of manufactur-
ing milk carton stock from, certain hardwoods and softwoods that had
grown in upper Michigan but common to the Lake States in general.
A hardwood mixture made up of two parts of aspen, two parts of maple,
and one part of beech by weight was pulped by the sulfate and neutral
sulfite semichemical processes. A softwood mixture consisting of two
parts of jack pine, two parts of eastern hemlock, and one part of balsam
fir was pulped by the sulfate and the neutral sulfite processes. These
pulps were bleached by the conventional multistage bleaching process
to brightnesses in the range of 80 to 83 percent for the sulfate pulps
and 85 to 87 percent for the neutral sulfite pulps.

The estimated yield of the mixed hardwood unbleached sulfate pulp was
50.4 percent and that of the mixed softwood sulfate pulp was 41.5 per-
cent. The softwood mixture produced a higher strength sulfate pulp
than the hardwood mixture. The softwood sulfate pulp was more difficult
to bleach than the hardwood sulfate pulp, but no more difficult than is
usual for softwood sulfate pulps.

!Deceased.

....Maintained at Madison, Wis. , in cooperation with the University of
Wis consin.
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The hardwood mixture was cooked to a yield of about 69 percent by the
neutral sulfite semichemical procedure. The strength of this pulp in-
creased with bleaching, resulting in a strength level higher than that
for the bleached hardwood sulfate pulp.

A fully cooked unbleached softwood neutral sulfite pulp, with a bursting
strength slightly higher than the softwood sulfate pulp, was made at a
yield of 44.5 percent. The bleaching requirements for this pulp were
about the same as those of the softwood sulfate pulps of the same yield.

Experimental milk carton stock was made from various blends of the
softwood and hardwood pulps. For comparative purposes, boards were
made from commercial southern pine sulfate pulp. The results of these
board runs are as follows:

(1) The mixed softwood sulfate boards, which were considered as the
reference boards, had strength properties similar to the boards made
from commercial southern pine sulfate pulp.

(2) Up to 50 percent hardwood pulp made by the neutral sulfite semi-
chemical process was added to the mixed softwood sulfate furnish
without altering the strength properties of the boards. Boards with
75 and 100 percent of hardwood semichemical pulp were lower in
tearing resistance and folding endurance but similar in other strength
properties to the all-softwood sulfate board.

(3) Up to 50 percent hardwood pulp made by the sulfate process was
added to the softwood sulfate furnish with relatively little effect on
properties of the board, except for folding endurance. Hardwood
sulfate pulp contents greater than 50 percent significantly lowered
the board strength.

(4) The mixed softwoods pulped by the neutral sulfite process gave
boards with strength properties equal to, or greater than, those ob-
tained on the mixed softwood sulfate boards.

(5) Boards made from hardwood neutral sulfite semichemical pulp
blended (a) with softwood neutral sulfite pulp and (b) with softwood
sulfate pulp had similar properties.
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Performance tests on milk cartons fabricated from the boards indicated
that those made from board containing hardwood neutral sulfite semi-
chemical pulp bulged less, when filled with milk, than those made from
board containing softwood sulfate pulp only or combinations of hardwood
and softwood sulfate pulp. The filled cartons made from hardwood sul-
fate containing board were equivalent to those made from softwood sul-
fate board in a rough handling test, but cartons made from hardwood
neutral sulfite semichemical containing board were less resistant.

Introduction

The experiments described in this report were conducted to evaluate
the suitability of several common Lake States hardwood and softwood
species for use in the manufacture of milk carton stock. The work was
conducted with the cooperation of the Michigan College of Mining and
Technology, Houghton, Mich. , who, prior to this work, had made a
survey to determine the species of wood available in upper Michigan
and the approximate ratio of their growth in the forest of that area.

The work included pulping and bleaching a mixture of the three pre-
dominant softwood species and a mixture of the three predominant
hardwood species in the ratio in which they were available. The
mixtures were pulped by both the sulfate process and neutral sulfite
process. The softwood neutral sulfite pulp was fully cooked. The
hardwood neutral sulfite pulp was of the semichemical type. The
neutral sulfite process differs from the neutral sulfite semichemical
process, principally in the temperature and cooking time used and in
the production of a lower yield of pulp. From softwoods it gives
stronger pulps than can be obtained by the neutral sulfite semicherni-
cal process. Milk carton stock was made from blends of these soft-
wood and hardwood pulps, with the object of determining the maximum
amount of hardwood pulp that could be added to the softwood pulp with-
out significantly affecting the strength of the milk carton.

The Wood

Aspen, sugar maple, eastern hemlock, and balsam fir were received
from the vicinity of Mass, Mich. Jack pine was obtained from the
vicinity near Rapid River, Mich. , and American beech from Munising,
Mich.
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Each wood was converted to chips that were screened to remove material
smaller than 1/4 by 1/4 inch and larger than 1-1/4 by 1-1/4 inches. The
nominal chip size was 5/8 inch.

The mixture of softwoods consisted of 40 percent jack pine, 40 percent
eastern hemlock, and 20 percent balsam fir, based on ovendry weights.
The hardwood mixture comprised 40 percent aspen, 40 percent maple,
and 20 percent beech, also based on ovendry weights.

Sulfate Pulping Experiments

Sulfate pulping experiments were designed to produce bleachable sulfate
pulps. First, a series of digestions were made in small-scale digesters
with a capacity of 0.8 cubic foot to determine the most suitable chemical-
wood ratio for pulping the mixtures. Then large-scale digestions to pro-
duce pulps for board-making experiments were made in a 225-cubic-
foot digester. Details of the cooking conditions used and the yield data
obtained for all the digestions are given in table 1.

The softwood mixture was more difficult to pulp than the hardwood
mixture. As expected, pulp from the hardwood mixture was higher
in yield and lower in permanganate number than pulp from the softwood
mixture. Comparing the two large-scale pulps after beating samples
to a freeness value of 450 milliliters in the standard beater test,_,3 the
hardwood mixture gave unbleached pulp 52 percent lower in bursting
strength, 23 percent lower in tearing strength, and 38 percent lower
in breaking length than the softwood mixture. Strength data are given
in table 2.

Neutral Sulfite Pulping Experiments 

The neutral sulfite process uses sodium sulfite as the pulping agent
with a small amount of sodium bicarbonate for buffering. The hard-
wood mixture was given a mild digestion in order to obtain a semi-
chemical pulp. The softwood mixture was subjected to more drastic
cooking conditions to produce a fully cooked neutral sulfite pulp.

1Freeness values in this report are expressed in Canadian Standard
units.
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As with the sulfate pulping, preliminary small-scale experiments were
made in autoclaves to establish pulping conditions for larger digestions
to be made in the 225-cubic-foot digester. General pulping conditions
and details of the individual digestions are provided in table 3. In every
case, the digester charge was heated indirectly.

Mixed Hardwood Semichemical Pulp

Chips from digestion No. 1-5615N were passed through a 36-inch,
double-rotating disk mill to convert them to pulp. Preliminary mill-
ing trials on the chips indicated that there are rather narrow limits of
fiberizing conditions for achieving optimum results. Although the free-
ness of the pulp was lower than desirable, a small change in the disk
setting resulted in a substantial increase in number and size of shives.

The pulp, after milling, was screened, passed through 3-inch centrifu-
gal cleaners, and wet lapped.

The strength of the unbleached neutral sulfite pulp, at a freeness of
450 milliliters, was somewhat lower than the sulfate pulp produced
from the same mixture (table 2).

Mixed Softwood Neutral Sulfite Pulp

One of the small-scale neutral sulfite digestions, made on the mixture
of softwoods (digestion No. 1350Y), gave a yield of 44. 6 percent of fully
cooked pulp,, but digestion No. 1351? made to a yield of 53.8 percent
required milling to convert the chips to pulp.

The conditions selected for the large digestion (1-5619N) were similar
to those used in producing the fully cooked pulp in small-scale experi-
ments. The pulp yield was estimated to be about 44.5 percent, which
is slightly higher than that obtained in the large sulfate digestion on the
same mixture.

The neutral sulfite pulp was screened, passed through 3-inch centrifu-
gal cleaners, and wet lapped. The bursting strength and breaking length
values for this pulp equaled those of the unbleached sulfate pulp, but it
was lower in tearing resistance and folding endurance (table 2).
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Bleaching Experiments

Procedures

Procedures used for bleaching the sulfate pulps. --In preliminary tests,
the suitability of a one-stage hypochlorite treatment and a three-stage,
chlorination-caustic soda extraction-hypochlorite, treatment were com-
pared for bleaching the sulfate pulp from the hardwood mixture (digestion
No. 1-4173). Conditions in these and subsequent bleaching treatments
were in accord with the usual mill practice. Because of the high alka-
linity of the water supply at the U.S. Forest Products Laboratory, the
pulp was acidified slightly before adding the chlorine to promote chlori-
nation of the lignin without degrading the cellulose. The pulp consistence
and temperature were high during extraction to aid removal of chlorinated
lignin, and a moderate temperature and alkalinity was maintained during
the hypochiorite treatments to preserve pulp strength.

A three-stage process was also used for bleaching the sulfate pulp from
the softwood mixture. In bleaching pulp to be used for the board-making
experiments, however, an oxidative extraction consisting of a mixture
of caustic soda and calcium hypochiorite at a moderate temperature was
used in place of the usual caustic soda extraction.

The total chlorine requirements of the sulfate pulps were estimated
from the permanganate numbers to about 4.0 percent for the hardwood
and 6. 5 percent for the softwood pulp. About 70 percent of these amounts
were applied in the chlorination stage. Bleaching tests were made on
samples of the extracted pulps, and the amounts of hypochlorite applied
in the final bleach were adjusted accordingly. Further adjustments in
chlorine and hypochlorite were made, when necessary, in subsequent
bleaches.

Procedures used for bleaching the neutral sulfite pulps. --The mixed
hardwood and mixed softwood neutral sulfite pulps were bleached by
a sequence of chlorination, caustic soda extraction, and hypochlorite
treatments. The bleaching conditions and procedure were essentially
the same as those for bleaching the mixed hardwood sulfate pulp. Esti-
mates of total chlorine requirements, however, were based on the modi-
fied Tingle number of the pulps, using the factors 1.2 for the mixed
hardwood and 1.5 for the mixed softwood neutral sulfite pulps.

Details of the bleaching treatments are given in table 4.
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Results of Bleaching Experiments

Bleach requirements of the sulfate pulps. --The mixed hardwood sulfate
pulp was bleached to about 75 percent brightness in one stage with cal-
cium hypochlorite, using 4.2 percent available chlorine (table 4). This
bleaching treatment did not lower pulp strength. Although a brightness
of 75 percent is adequate for some types of foodboard, the bleached pulp
contained too many off-color shives for this use. It is likely that this
difficulty could be overcome by increasing the amount of hypochlorite
somewhat and with use of centrifugal cleaning.

As would be expected, the three-stage bleaching process produced a
clean pulp. With 17 percent less total chlorine equivalent (3. 3 to 3.5
percent) than was applied in the one-stage process, brightness values
of 81,7 to 82.6 percent were obtained. This level of brightness is
adequate for a wide variety of foodboards and other papers.

As expected, the mixed softwood sulfate pulp required more chlorine
(about twice as much) for bleaching than did the mixed hardwood sul-
fate pulp. The ratio of its chlorine requirement to permanganate

• number was 0.44 compared to 0.36 for the mixed hardwood pulp.
However, the bleach requirement of the softwood pulp was normal.

The results for bleaches Nos, 3785 and 3786 (table 4) show that the
softwood sulfate pulp could be bleached to about 65 percent brightness
with about 1 percent less chlorine (based on pulp) than would be re-
quired to bleach to 80 percent brightness. The shives were not bleached
satisfactorily with the lower amount of chlorine, however.

Bleach requirements for the neutral sulfite pulps. --In past experience,
the total chlorine requirement for bleaching hardwood neutral sulfite
semichemical gulps ranged from about 1.1 to 1.3 times the modified
Tingle number_ of the unbleached pulp. Thus, the results in table 4
show that the chlorine requirement for the mixed hardwood neutral
sulfite semichemical pulp (1.2 times its Tingle number) is within the
range for pulp of its type and yield. It also appears that the brightness
of the pulp would be satisfactory with somewhat lower chemical dosage,
but possibly the shives and dirt would not be bleached completely.

The results for bleach No. 3848 (table 4) show the high bleach require-
ment typical of softwood neutral sulfite semichemical pulps. However,
the bleach requirements of these pulps decrease rapidly with increased

..t.Tappi 36, No. 3:123-6 (March 1953).
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pulping and are about equal for neutral sulfite and sulfate pulps of the
same yield. Thus, because of the higher yield of the unbleached soft-
wood neutral sulfite pulp (digestion No. 1-5619N), the total dosage of
chlorine in bleaches Nos. 3862 and 3882 was made higher than that
used on the softwood sulfate pulp. However, this increase was partially
offset by the higher yield of bleached neutral sulfite pulp.

Cleanliness of the bleached pulps. --As expected, there was no difficulty
in bleaching the shives in the fully cooked sulfate and neutral sulfite
pulps with a three-stage treatment. The shives in the sulfate pulps
were well bleached at 82 percent brightness, and the bleached softwood
neutral sulfite was exceptionally clean.

The unbleached hardwood neutral sulfite semichemical pulp contained
an unusual amount of dark shives, which possibly originated in the
beech wood and were not removed by a 3-inch centrifugal cleaner.
These dark shives were only partially bleached, despite the high
brightness of the bleached pulp. Shives like these, however, can be
completely removed, as was demonstrated with a 6-inch cleaner after
the bleaching and board-making experiments were completed.

Brightness stability of the bleachedyulps. --Previous experience has
shown that both hardwood and softwood pulps, bleached with hypo-
chlorites in either one-stage or multistage processes, are somewhat
unstable in brightness. Accelerated aging by heating air-dried test
sheets decreased the brightnesses of the bleached neutral sulfite
pulps about 4 to 6.5 points. This is about equal to the brightness
decrease for sulfate pulps bleached by the same process. Losses of
these amounts in the accelerated aging test indicate there will be about
a 1- to 3-point decrease on the paper machine. Brightness recession
can be reduced about 50 percent by adding a final peroxide treatment
to the bleaching process. The peroxide stage would also increase
brightness about 3 to 5 points.

Yield and strength of the bleached pulps. --Yield data for the bleached
pulps used in the papermaking experiments are given in table 4. The
data agree within ±0. 5 percent of values obtained in duplicate, small-
scale tests, in which the entire samples were dried and weighed. They
are also in the range usually expected for the pulps tested.

The strengths of the bleached pulps at 450 milliliters freeness are
given in table 2. The tests show that upon bleaching the mixed hard-
wood sulfate pulp with the three-stage process on a small scale there
was essentially no strength loss at a brightness of 82 percent but in

4
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the pilot plant bleaching there was a 25 percent loss in bursting and
tearing strengths. Other similar instances have occurred. The mini-
mum average strength loss in bleaching the mixed softwood sulfate
pulp in the pilot plant was 11 percent. Presumably, strength retention
would have been better in small-scale bleaching had it been done. The
strength of both bleached softwood pulps, however, except in tearing
resistance, was higher than that of a commercial-bleached southern
pine sulfate pulp.

The bleached mixed softwood neutral sulfite pulp bleached in the pilot
plant was actually better in overall strength balance than the unbleached
pulp.

The data in table 2 also show the usual strength increase upon bleaching
the hardwood semichemical pulp, which brought its strength to a higher
level than that of the bleached hardwood sulfate pulp.

Papermaking Experiments

Milk carton stock was made from blends of the bleached hardwood and
softwood pulps on the experimental 13-inch-wide Fourdrinier paper
machine operating at a speed of 19 feet per minute. The blends in-
cluded (1) softwood and hardwood sulfate, (2) softwood sulfate and
hardwood neutral semichemical, and (3) softwood neutral sulfite and
hardwood neutral sulfite semichemical. The softwood and hardwood
pulps in each of these blends were used in the ratios of 1:1, 1:2, and
2:1. Carton stock was also made from 100 percent of the two experi-
mental softwood pulps and the hardwood neutral sulfite semichemical
pulp. Surface-sized boards were made from each of the pulp furnishes.
A starch mixture, with a concentration of 0.6 pound per gallon, was

prepared by cooking a high viscosity substituted starch to 190° F. and
maintaining this temperature for at least 15 minutes. The mixture was
cooled to between 130° and 140° F. before it was applied to the board.

Generally, only one run was made with a given pulp furnish. Although
optimum sheet properties are not likely to be obtained in a single run,
an attempt to accomplish this was made by varying the pulp processing
and machine operating conditions from run to run in the series.

The pulps for a given furnish were processed individually and then
blended in the beater or in the paper machine chest. In all runs, Z
percent of fortified rosin size was added to the pulp stock. The pH
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value was adjusted to about 6. 0 with sulfuric acid and further to 5.0
with alum. Rolls of the coated stock were supplied to commercial
concerns for printing trials and conversion into 1-quart milk bottles
for the evaluation of their characteristics and qualities as milk con-
tainers.

A commercial southern pine semibleached sulfate pulp (shipment No.
4242) was obtained for comparison purposes. This pulp had been
processed before shipment, and indications were that it had been re-
moved at the wet press section during commercial boardmaking opera-
tions. When received, it had a moisture content of 66 percent. The
strength of the pulp is given in table 2. For the experimental run
(machine run No. 4736), the pulp was not subjected to any further
processing. No rosin size was added, as it was assumed to have been
sized previously. Properties of the board made on the experimental
machine, compared with those obtained on a commercial southern pine
board, showed the experimental board was somewhat higher than the
commercial board in all strength properties except tearing resistance.
The commercial board had a smoother surface and appeared less porous
than the experimental board.

The properties of the boards are given in table 5. All tests were made
in accordance with TAPPI standards.

Boards From Combinations of the Softwood
Sulfate and Hardwood Sulfate Pulps 

These tests were made to determine the effect of the addition of hard-
wood pulp prepared by the sulfate process to the softwood sulfate pulp
on board properties. Machine run No. 4802 (table 5) was made from
a furnish comprising 100 percent of the mixed softwood sulfate pulp.
The board had bursting and tensile strength values similar to those
obtained on the experimental-coated board made from the southern
pine pulp,(machine run No. 4736) but the tearing resistance and folding
endurance were lower.

In this series, the experimental softwood sulfate pulp was processed
to a freeness varying from 550 milliliters for the all-softwood board
to 590 milliliters for the pulp used in the board containing 50 percent
hardwood. Because the original freeness of the hardwood bleached
sulfate was low, it was subjected to relatively little processing before
blending with the softwood. The hardwood pulps were not beaten in the
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first runs. These pulp furnishes drained well on the wire, however,
and indicated additional processing would be feasible. Therefore, in
the run involving 50 percent of the hardwood pulp, this portion of the
furnish was beaten to a freeness of 530 milliliters before blending
with the softwood pulp.

Twenty-five percent hardwood sulfate pulp was added to the softwood
mixture (machine run No. 4740) with relatively little effect on the
bursting and tensile strength of the board, but the folding endurance
was decreased somewhat with this amount of hardwood in the pulp
furnish. The board containing 50 percent of the hardwood pulp
(machine run No. 4745) had strength properties, except folding en-
durance, equal to the board containing the 25 percent of hardwood
pulp. When the hardwood content was increased to 75 percent, a
substantial loss in all strength properties resulted.

As the hardwood sulfate pulp content increased, the density of the
boards decreased. To obtain boards with comparable thickness and
density, the wet press pressure and calendering pressure were in-
creased as the hardwood portion was increased.

All blends of these two pulps ran well on the machine and presented
no operating difficulties. It was possible to jordan some of the blends
with no drainage or crushing at the wet press section. This, as has
been mentioned, indicated that the hardwood portion could have been
processed to a lower freeness with the possibility of developing more
strength in the pulp and resulting finally in the production of better
milk cartons.

In the printing of the board from machine run No. 4742 (75 percent
hardwood), there was excessive picking of the surface of the sheet.
Another machine run was made (machine run No. 4804) using more
wet press pressure and less calendering pressure to obtain the
desired thickness. This board was slightly higher in bursting strength
than machine run No. 4742, and it ran well in the printing test with no
observed picking tendencies.

Boards From Combinations of the Softwood Sulfate
and Hardwood Neutral Sulfite Sernichernical Pulps 

In this series, hardwood neutral sulfite semichemical pulp was sub-
stituted for the hardwood sulfate pulp used in the previous series.
The hardwood content was varied from 25 to 100 percent.
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In a study of this type where it is desired to observe the effect of addi-
tions of hardwood pulp on sheet properties, it is generally well to
maintain constant processing conditions for the softwood component.
However, since the initial freeness of the hardwood semichemical pulp
was somewhat lower than the freeness of the sulfate pulp after process-
ing, it was believed desirable to process the sulfate less as its content
in the furnish decreased. This kept the freeness of the furnishes more
in balance and minimized drainage problems on the paper machine. In
the run using 75 percent of the softwood pulp (machine run No. 4786),
the softwood pulp was processed to a freeness of 570 milliliters as
compared to a freeness of 625 milliliters in the run using 25 percent
(machine run No. 4790). Therefore, the bursting strength level for
the sulfate pulp was lower in the boards that were higher in hardwood
pulp content.

A good appearing all-hardwood carton stock (machine run No. 4800)
was made entirely from the semichemical pulp. Although this board
was somewhat low in most strength properties, it was more uniform
in formation, higher in brightness, and appeared to have a better
finish than the all-softwood board.. The all-hardwood board was 12
percent lower in bursting strength, 63 percent lower in tearing re-
sistance, and over 95 percent lower in folding endurance than the all-
softwood board (machine run No. 4802).

A substantial amount of the hardwood semichemical pulp was added
to the softwood sulfate pulp without appreciably affecting the physical
properties of the board. Milk carton stock containing 25 and 50 per-
cent of the hardwood pulp had strength properties equal to the all-
softwood sulfate board. When the hardwood content was increased to
75 percent, a decrease in tearing resistance and folding endurance was
noted, with no appreciable change in bursting and tensile strengths.

Boards From Combinations of Softwood Neutral Sulfite
and Hardwood Neutral Sulfite Semichemical Pulps

In the third series, the softwood pulp used was a fully cooked neutral
sulfite, and the hardwood pulp was neutral sulfite in the semichemical
yield range.

The neutral sulfite pulp was processed to the same freeness level for
all runs, so the pulp freeness in the headbox varied with the amounts
used. The freeness of the combinations decreased from 550 to 375
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milliliters as the hardwood pulp content was increased. In two runs,
jordaning was tried with no obvious improvement in bursting strength
or formation. With an appreciable amount of jordaning, the drainage
on the wire became too slow for satisfactory running.

The softwood neutral sulfite was used as 100 percent of the furnish in
one run (machine run No. 4792). Comparing this board with the all-
softwood sulfate board (machine run No. 4802), the neutral sulfite
pulp gave a board with equal or greater strength properties than the
sulfate pulp. Its formation was also better, and it was higher in
brightness. The neutral sulfite pulp had given strength properties at
a higher freeness level than the sulfate pulp. Thus, the neutral sulfite
pulp required less processing for a given strength. The pulp freeness
at the headbox for the all neutral sulfite pulp run was 550 milliliters
as compared to 510 milliliters for the all sulfate run.

The strength of the board decreased as the percent of hardwood semi-
chemical pulp in the furnish increased. However, the properties of
the boards were comparable to those in the previous series in which
the sulfate pulp was used in place of the neutral sulfite pulp.

Performance Tests on Milk Containers

Quart-size milk containers were fabricated from the various boards
on commercial converting equipment. All boards performed satis-
factorily in the converting operation. When filled with milk, the
cartons made from the hardwood neutral sulfite semichemical boards
generally seemed to bulge less than those made from all-softwood
sulfate boards, or combinations of softwood and hardwood sulfate
pulps. This should be an advantage, both in transportation and storage
of the filled cartons. The filled containers were subjected to a rough
handling test. In this test, it was observed that cartons made from
board containing the hardwood sulfate pulp were usually equivalent in
resistance to that of containers made entirely from softwood sulfate
pulp, but cartons made of boards containing hardwood neutral sulfite
semichemical pulp were less resistant than the all-softwood sulfate
cartons.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY 

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived. Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all
other subject lists.
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