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SUMMARY

Investigations were made to determine the suitability of five Philippine hardwoods for
use in several kinds of paper, including wrapping paper, corrugated container board,
and newsprint paper. The hardwoods are understood to be available in the form of
woods and sawmill wastes that could be considered for use in the manufacture of pulp
and paper. The particular hardwoods investigated were ilang-ilang (Canangiurn
odoraturn), manggasinoro (Shorea philippinensis), red lauan (Shorea negrosensis),
tangile (Shorea polysperrna), and white lauan (Pentacme contorta). (The last four named
are so-called Philippine mahoganies.) Supplementary fibrous materials investigated as
possible sources of long fiber included abaca or Manila hemp (Musa textilis), kenaf

(Hibiscus oannabinis), and the softwood, benguet pine (Pinus insularis). These
supplementary materials either grow or have potentialities f sr growth in the Philippine

Islands.

The Philippine hardwoods, the plant materials, and the benguet pine all were readily
pulped by the sulfate process, using conditions which had been found satisfactory for
the respective types of materials in previous tests at the Forest Products Laboratory.
Thus, the hardwoods were reduced to moderately strong, well-delignified pulps in yields
of 45 to 50 percent, using a relatively low amount of cooking chemical. Although showing
slight individual differences, the hardwoods were pulped equally well singly or in mix-
ture. The latter result indicates an unqualified wood procurement program is possible.
In the only instance of groundwood pulping, a weak filler-type, pulp was made from the
ilang-ilang. As predicted by the chemical analysis, the hardwoods did not respond
favorably to pulping by the neutral sulfite process, requiring relatively large amounts
of chemical for the pulping and giving pulps that were relatively weak for this type of

pulp,

—The experiments described in this report were in cooperation with a commercial

organization in the Philippines.

2—Research contributing materially to this report was done by J. N. McGovern, K. J.
Brown, and R. M. Kingsbury while they were staff members of Forest Products

Laboratory.
3—Maintained at Madison, Wis. , in cooperation with the University of, Wisconsin.
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The main object in making different kinds of paper was to demonstrate the possibilities
of the woods, and it was not expected that the full potentialities would be revealed in the
few trials possible in the investigation. The tendency for the pulps and certain papers
or boards to be deficient in tearing and folding strength due to the short fibers used
can be practically offset by the addition of moderate quantities of pulps made from the
long-fibered materials. Thus, the hardwoods were indicated to be suitable as the basic
fiber source for a pulp and paper establishment for production of a variety of products.
Except for the newsprint, for which a groundwood type of pulp rather than kraft was
indicated to be needed, the sulfate pulping process was shown to be suitable for proc-
essing the Philippine woods and plants for the production of several kinds of paper.

INTRODUCTION

The purpose of this cooperative investigation was to obtain information on the pulping
and papermaking of five Philippine hardwoods. The study also had the purpose of
obtaining information on pulping and papermaking of two plant materials, abaca and
kenaf, and a softwood, benguet pine, with respect to their possible use as supplementary
long fibers needed for obtaining the desired qualities in the paper product. Because of
the outstandingly successful application of the hardwoods in the United States in produc-
tion of a wide variety of products, frequent comparisons are made in the report with
results and practice in this country.

DESCRIPTION OF MATERIALS

The Philippine woods and other materials received for the experiments consisted of
sawed lumber of manggasinoro (Shorea philippinensis), red lauan (Shorea negrosensis),
white lauan (Pentacme contorta), and tangile (Shorea polysperma). These woods are
known as the Philippine mahoganies. Ilang-ilang (Canangium odoratum) was received
in the form of short logs of pulpwood size. The benguet pine (Pinus insularis) was also
sawed material in the form of blocks. The abaca (Musa textilis) consisted of the hurds
and also the commercial fiber in the form of unused Manila hemp rope. The kenaf
(Hibiscus cannabinis) consisted of samples of the whole stalks, the depithed stem, and
the decorticated fiber in the form of tow.

Density of the Woods

The hardwoods ranged in density from 17.7 pounds per cubic foot for ilang-ilang to
27. 2 pounds for manggasinoro (table 1). Their average was 23. 5 pounds, and the
average of the four Philippine mahoganies, which would possibly be used together in the
form of woods or sawmill waste, was 25. 0 pounds. These four woods (ilang-ilang being
excluded) had densities within a narrow range, an advantage in pulping mixtures from
the standpoint of control of the wood and chemical charged for pulping.

The hardwoods are in the lower range of densities found for hardwood pulpwoods used
extensively in the United States (table 1). In fact, that for ilang-ilang is below the
lowest density of any wood used in the United States for pulping. The average density
value for the Philippine hardwoods was, of course, appreciably below that for the U. S.
hardwoods. The relatively high density of the hardwoods growing commonly in large
quantities in the United States is often considered by the pulp and paper industry as
favorable to their use.
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The benguet pine had a density of 28.7 pounds per cubic foot which was intermediate to
average values of 24 pounds for northern pine and 32 pounds for southern pine grown
in the United States. This is interesting in view of the fact that the benguet pine
resembles the northern pine anatomically and the southern pine superficially.

Chemical Composition of the Woods and Fibrous Materials 

The Philippine woods and the kenaf fibers were analyzed chemically. The major
chemical components of these materials, including lignin, holocellulose, alpha-cellulose
total pentosans, and substances soluble in organic and inorganic solvents, were
determined. The hemicellulosic content of the materials was measured indirectly as
the difference between the holocellulose and alpha-cellulose.

The five Philippine hardwoods varied somewhat in individual chemical composition
(table 1) but, on the other hand, showed chemical characteristics distinguishing them
as a class from hardwoods of the United States taken as an example for comparison
(table 1). Among themselves, the Philippine hardwoods showed a range of values that
would be expected from any given random selection of woods, especially with respect
to their lignin, holocellulose, and alpha-cellulose content. There was enough difference
between Hang-Hang, the least lignified wood (also the one highest in holocellulose), and
tangile, with the highest lignin content, to indicate a possible difference in pulping.
The ilang-ilang also differed from the others in having a higher content of pentosans,
indicating the possibility of using this wood for corrugating board (in which high pentosans
are desirable). Except for the ilang-ilang, the woods were practically the same in their
pentosan content and amounts of material soluble in the several solvents.

The Philippine hardwoods taken as a whole were distinguished from the average for a
number of the U. S. hardwood pulpwoods by having relatively high lignin, low holo-
cellulose, high alpha-cellulose, and low hemicellulose (including pentosans) content and
low amounts of materials soluble in organic and inorganic solvents. This average
chemical composition would indicate a normal yield of chemical pulp could be made
with normal amounts of chemical, and the pulps would be low in pentosans. It would
also indicate that, to make semichemical pulps, high amounts of chemical would be
required and the semichemical pulps obtained would have, high lignin content.

The low content of pentosans to be expected in the chemical pulps might be beneficial in
making pulps for chemical conversion. The low amounts of material soluble in sodium
hydroxide verify the indication of a low hemicellulose content in these woods. The low
amounts of materials soluble in alcohol-benzene and ether indicate that there should be
no difficulty from resins and pitch in the pulps and also indicate that there probably
is little opportunity for recovery of oleoresinous byproducts from the sulfate pulping
operation.

The benguet pine appeared to have a chemical composition typical of softwoods in general
and pine specifically, except for the low content of pentosan and material soluble in the
organic reagents. Its behavior would be expected to follow that of softwoods used in the
United States for pulping. Its low pentosan content also indicates that it might be a good
wood for making pulp for chemical conversion.

The stem of the kenaf plant had a chemical composition typical of a woody plant. It was
fairly well lignified, but it also had a high content of material soluble in sodium hydroxide,
which is a characteristic of pith and parenchyma tissue. Removal of most of the highly
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lignified parts in the decorticating operation (as well as loss of a considerable amount
of the pith) gave a tow with low lignin and high holocellulose and alpha-cellulose
content. The decorticated material was indicated by analysis as being readily pulped
with a low amount of cooking chemical.

Fiber Characteristics of the Materials

Lengths of whole fibers of the six woods and two plant materials were measured as a
basic anatomical feature in their evaluation for pulp and papermaking. Lengths of the
fibrous elements in a pulp affect, to a greater or lesser extent, the properties of pulp
products. Tearing resistance in particular is dependent on fiber length.

The fiber measurements were restricted to the whole elements technically classified as
libriform fibers, fiber tracheids, or tracheids, and did not include the relatively short
elements, such as vessel members, rays, and parenchyma cells, which comprise
especially appreciable proportions of some hardwood species. Supplementary observa-
tions were made of these miscellaneous elements, however, because they often
characterize a material and also affect the chemical and physical characteristics of
pulp and paper products.

Because of the large variation in the lengths of the fibers in a fibrous material, it was
not practical to determine a unique average of the fiber length, since a large sampling
from many trees, in the case of wood for example, and different parts of their trunks
would be required.

Nevertheless reasonable estimates of fiber lengths can be made from small samples
for general classification and for comparison of fiber lengths among different materials.

The length of whole fibers obtained by maceration of the raw wood was determined on
the hardwoods. In addition, fiber length was determined on pulps made from ilang-
ilang and white lauan, from a mixture of four of the hardwoods (ilang-ilang excluded),
from benguet pine, from abaca, from a mixture of abaca and hardwood, •and from kenaf.

Hardwoods

The whole fibers macerated separately from the hardwoods ranged from 0.99 to 1. 87
millimeters in average length (table 2), which corresponds to the range of 0.74 to 1. 82
millimeters previously determined for certain North American hardwoods used for pulp.
Coefficients of variation for the whole fibers were about the same in each species; that
is, the standard deviations were between 14. 1 and 18. 0 percent of the averages of the
respective features.

The average length of fibers and their variability in the white lauan pulp agreed closely
with those data for macerated wood (table 2). However, the average length of fibers
from ilang-ilang pulp was somewhat greater and more variable than the macerated
fibers from that wood (table 2).

The mixture of the four hardwoods pulped together was somewhat more variable than
the macerated fibers of any of the species in the mixture, as is shown by the respective
coefficients of variation (table 2).
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enguet Pine

Average length of whole fibers in pulp made from this softwood was 3.70 millimeters
(table 2). This figure compares with reasonable closeness with average fiber length
of 3. 5 millimeters reported in textbooks for northern pine. The coefficient of
variation (43. 6 percent) also was as has been previously determined for some southern
yellow pines. Wood fibers of this pulp consisted entirely of the tracheids that are
typical in softwoods, together with a few parenchyma cells. 	 oth springwood and
surnmerwood tracheids were seen by the microscopical examination. The benguet pine
showed a relatively uniform distribution of fiber lengths between 1.0 and 6. 0 millimeters,

Abaca (Manila Hemp) 

Whole fibers in abaca were measured for length in pulp made from commercial hemp
rope to give basic information on decorticated fiber. These fibers were longer on the
average and also showed a greater variability than any of the hardwoods or their pulps
(table 2). Most of these fibers had relatively thick walls and narrow diameters similar
to the libriform fibers of the hardwoods. Numerous parenchyma cells were seen by
microscopical examinations, but no vessel members.

Whole fibers in abaca were measured for length also in pulp made from the hurds of
this material. Fibers of the abaca hurds were shorter, but greater variability was
shown than in the rope material (table 2). Although numerous fibers from abaca hurd
pulp were relatively long and thick walled (of the libriform type) as in the rope-fiber
pulp, some others were of the fiber tracheid and tracheid types, together with numerous
parenchyma cells. A somewhat less uniform frequency distribution of whole fibers
from abaca hurds is shown in comparison with abaca fibers.

Fiber measurements for whole fibers also were of a pulp made by digesting a combination
of 80 percent of four of the hardwoods and 20 percent of abaca hurds (table 2). The pulp,
as expected, had an appreciably smaller average fiber length than either abaca fibers
or abaca hurds. The frequency distribution of fiber length in the pulp showed a large
concentration of fibers less than 2. 0 millimeters in length that undoubtedly resulted from
the predominance of hardwood fibers in the pulp. Some of the short fibers in the pulp
were undoubtedly contributed by the hurds. The pulp also contained numerous broken
fibers which were relatively long and thick walled like those found in the hemp hurds.
It appears reasonable that many of these parts of fibers resulted from the hamrnermill
treatment given the abaca hurds before pulping. A mixture of abaca hurd pulp and
mixed hardwood pulp in similar proportions was subsequently used for making linerboard
and wrapping paper.

Kenaf

The whole fibers in pulp made from the depithed kenaf (cook No. 2590, table 2) averaged
a little shorter than those of the pulp with the pith present (cook No. 2585). Microscop-
ical examinations showed predominantly libriform fibers and fiber tracheids, many of
which were broken. Numerous vessel segments varying in size from small to large, and
parenchyma cells were seen in both these samples of kenaf.

Pulp from decorticated kenaf had fibers of somewhat greater average length, but smaller
coefficient of variation than either of the other kenaf samples of pulp (table 2). The
majority of decorticated kenaf fibers were between 2. 0 and 3. 0 millimeters long.
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Libriform fibers were the principal kind in the decorticated pulp, with only a few each
of tracheid fragments, fiber tracheids, vessel segments, and parenchyma cells.
Many of the libriform were seen to be complete as was seen in the abaca fibers.

PULPING EXPERIMENTS

Sulfate Pulping Experiments 

For the sulfate pulping tests on the Philippine woods, the peeled bolts were converted
into chips of a length of 5/8 inch in the grain direction with a small, commercial-type
chipper and screened on a gyrating screen fitted with 1-1/4- and 1/4-inch mesh screens
for removal of oversize and undersize material. In the small preliminary pulping
tests on the nonwoody materials, a papercutter was used to reduce the long strands to
approximately 3-inch segments. The same material was prepared for larger scale
experiments by passing it through a small hammermill to produce clippings, of approxi-
mately 1/2 to 1 inch in length.

The sulfate pulping was done in small, spherical, rotary digesters equipped with a
steam jacket and having a capacity of 2 pounds of pulp (0. 5 cubic foot in size) and in a
tumbling, steam-jacketed digester of 50 pounds' pulp capacity (14 cubic feet in size).
Two digestions were made in a stationary vertical digester equipped with a circulatory
heating system and of 1,000 pounds' pulp capacity (225 cubic feet in size).

The measures of pulping results were: (1) the percent of the original chemical
consumed, indicating the presence of excess, adequate, or insufficient chemical for
pulping; (2) the yield of screened pulp, showing the retention and amount of resistant
cellulose and hemicelluloses in comparison with those originally in the wood; (3) the
amount of screening rejects, measuring the completeness and uniformity of pulping;
and (4) the permanganate number, measuring the .lignin removal and suitability of the
pulp for bleaching.

Pulping the Hardwoods

Differences in species. --The Philippine hardwoods were readily pulped by using
conditions which had been found satisfactory for many hardwoods in previous tests at
the Forest Products Laboratory. The results of these experiments indicated that
individually the five hardwoods were not appreciably different in pulping characteristics.
Under the same conditions the ranges of the several pulping criteria for ilang-ilang,
white lauan, and the hardwood mixtures were: chemical consumption, 90.7 to 93. 9
percent; screened pulp yield, 44. 2 to 51. 8 percent; screening rejects, 0. 1 to 0. 9
percent; and permanganate number, 15.1 to 22. 1 percent. These ranges are somewhat
broad, as they represent maximum and minimum data. If the results of the several
experiments on each sample are averaged and then listed for comparison, the pulping
characteristics are found to be quite similar. Table 3 gives the averages of tests
made using 20 percent total chemical.

The similarity of the results for the two mixtures with and without manggasinoro present
indicated that the manggasinoro was not greatly different than the others. The
permanganate numbers for these mixtures were within the range of 15 to 18, which is
desirable for pulps to be bleached; the highest strength also was found in that range,
as discussed later. The low percentages of screening rejects (0. 2) were an indication
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of complete pulping. It would be expected that random mixtures containing different
percentages of these four species would give similar pulping results.

The cooking data given in table 4 are for the pulps used in the paperrnaking experiments.

The yields of these Philippine hardwood pulps were about 5 percent lower than those
from the North American hardwoods used for pulping.

The sulfate pulps made from the Philippine hardwoods, both the mixtures and the
individual species, bad strength properties that were, in general, in the same range.
Pulps from both ilang-ilang and white lauan had favorable strengths that were quite
similar in all cases except tearing resistance. In tearing strength the white lauan
pulps were about 20 percent greater than hang-hang pulps, probably because of the
much greater average fiber length of the white lauan (table 2).

Pulps made from the mixture of the four hardwoods had strength properties about the
same or higher than the above pulps. In one instance (Nos. 4040 and 4041, table 5)
the pulp from the mixture was about 10 percent higher in tearing strength and 50
percent higher in folding endurance than the strongest white lauan pulp. When
manggasinoro was not present in the mixture, there was a decrease in pulp strength
(No. 4072). Based on the same sheet density, the pulp from the mixture of three woods
was 15 percent lower in bursting strength, 25 percent lower in folding endurance, and
5 percent lower in tensile strength in comparison with the pulp from the mixture of
four woods. From these results it would be expected that a high percentage of
manggasinoro in a wood mixture would be desirable to achieve maximum pulp strength.
Further indication of this effect is given by the average fiber lengths of the hardwoods,
manggasinoro having the highest (table 2).

Effect of amount of chemical. --The mixture of three hardwoods (white lauan, red lauan,
and tangile) was tested in small-scale digestions by using 17.5, 20, and 22. 5 percent
total chemical as an example of the effect of this pulping variable. Increasing the
amount of chemical caused decreases in screened pulp yield, 49. 1 to 46.2 percent,
screening rejects, 0.7 to 0. 2 percent, and permanganate number 20. 0 to 16. 0 percent,
with a concurrent increase in the total amount of chemical consumed. It appeared that
the optimum point of pulping fell between 17. 5 and 20 percent total chemical. The
same trend of pulping results was obtained when the total chemical was increased from
20 to 25 percent in the tests made on the ilang-ilang and white lauan samples.

Increasing the amount of cooking chemical in pulping the hardwoods tended to decrease
the pulp strength and permanganate number. The large-scale digestion on this mixture
(No. 4072, table 4) was therefore made with a minimum of cooking chemical, 17. 5
percent, in order to produce the strongest pulp possible.

Comparison of Philippine and North American hardwood pulps. --The strength properties
of sulfate pulps from the U. S. and Canada hardwoods vary considerably with species.
The strongest pulps compare favorably with softwood sulfite pulps, except for a lower
folding endurance. The weakest pulps may have two-thirds the bursting strength, the
same tearing resistance, and one-quarter the folding endurance of the strongest. Pulps
from mixtures are likely to be closer to the strongest than the weakest because of a
predominance of the better species in most mixtures. The average pulp from the
Philippine hardwood mixtures equaled the general quality of the best of the U.S. hard-
wood pulps or mixtures.
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Pulpin of Abaca and Abaca Hurds

The abaca hurd material was completely pulped under mild conditions, using 12 percent
total chemical with 20 percent sulfidity and a temperature of 150 0 C. These conditions
gave screened pulp yields as high as 51 percent and low permanganate numbers near 11.
Choice abaca fibers, prepared by cutting up unused Manila hemp rope, were pulped
under the same conditions. These pulps had high screened yields of about 78 percent
and permanganate numbers as low as 4. The data given in table 6 are for the pulps
used in the papermaking experiments.

Pulps made from abaca hurds had strength properties that compared closely to those of
the hardwoods. The choice abaca fibers produced pulps of high strength properties,
expecially in tearing resistance, that would compare favorably with the highest grade
softwood pulp (table 7).

Pulping of Kenaf 

Kenaf was pulped in three different forms. Even though the pulping of the entire stem
was conducted under rather severe conditions, that is, a high amount of total chemical
(30 percent) and a long digestion time (2-1/2 hours at 170 0 C. ), the pulping action was
not as complete as desirable (table 6). The woody portion of the stem appeared to be
resistant to treatment and probably accounted for the undesirably high amount (2 percent)
of screening rejects. More drastic pulping action would be needed for satisfactory
pulping of this material. Removing the pith from the center of the stem did not improve
the pulping of the kenaf. Since the pith itself is not a lignified tissue, its removal would
not be expected to improve the pulping of the woody, lignified tissue of the stem which
apparently is the part resistant to pulping action. However, better pulping was obtained
by use of the decorticated kenaf fiber (tow). Application of 25 percent total chemical
gave low permanganate numbers of about 8 and screening rejects of 0 to 0.3 percent.

The strength properties of the kenaf pulps were somewhat lower than the hardwoods in
all cases (table 7). The sheets made from the kenaf pulps were bulky and contained
much nonfibrous material which affected their strengths.

Pulping of Benguet Pine

The benguet pine sample was pulped to produce both kraft-type and bleachable pulps
(table 4). This softwood reacted normally to the sulfate pulping conditions applied as
far as chemical consumption was concerned and gave somewhat higher yields than are
obtained from either northern or southern pine made in the United States. For example,
kraft-type pulps are produced in yields of 47 to 48 percent from U. S. pines in comparison
with the 50 percent obtained from benguet pine in this experiment. The permanganate
numbers were also slightly lower than usually obtained under the same conditions from
southern pine.

These pulps had excellent strengths and were typical of the best softwood sulfate pulps
(table 5).
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Groundwood Pulping of Ilang-Ilang-

The Hang-Hang wood was quite dry when it arrived at the Laboratory. Therefore,
some of it was soaked in water before grinding, in order to simulate green wood. The
moisture content of the wood thus varied in the experiments. The operating variables
studied briefly in the experiments were the pressure of the wood on the stone and the

surface of the stone.

The first trials (Nos. 908 and 911, table 8) were made with small amounts of wood to
obtain some indication of the grinding conditions needed and of the types of pulps that
might be expected from this species. The pulp from the first run (No. 908) was made
on a relatively sharp stone surface and it was high in freeness and low in strength even
though a low grinding pressure was used. The pulp from the second run (No. 911) was
made on a dull stone surface and it was lower in freeness, although still in the high
range for newsprint, and was higher in strength than the first pulp. A third trial was
made on a dull surface but using wood of high moisture content (No. 927). .This
produced the pulp of highest strength, although still low. Its strength was slightly less
than half of that of an average North American newsprint grade of groundwood pulp.
The ilang-ilang groundwood pulp was also dark colored with a brightness near 45 percent.
It was necessary to bleach this pulp for use in newsprint paper as will be discussed later.

Ilang-ilang was used for the groundwood pulping because it was the only wood received
in the form usually used for grinding. It is possible that groundwood pulps could
be made from the other Philippine hardwoods which would be stronger than that from
ilang-ilang because of their longer fiber length and moderately low density,

Neutral Sulfite Semichemical Pulping

The neutral sulfite semichemical cooking procedure on the Philippine hardwoods was
first to steam the chips in the digester for O. 5 hour at atmospheric pressure in order
to improve the penetration of the cooking liquor. Uniform impregnation of the chips is
especially important in semichemical pulping. The main variable of the semichemical
pulping was the amount of chemical present based on the wood. The other variables
were maintained constant except for the temperature in the case of the digestions of
hardwood mixture. The digestions were ended when the concentration of the sodium
sulfite in the cooking liquor reached a value of 11 to 13 grams per liter. The cooked
chips were fiberized in a disk attrition mill and the yield of pulp determined. The
semichemical pulps were tested for strength and chemical composition. The data are
given in tables 9 and 10.

On the basis of delignification and yield, the white lauan appeared to respond most
satisfactorily to the neutral semichemical pulping, the ilang-ilang the next most
favorably, and the others the least favorably. There was no difficulty in pulping the four
hardwoods in mixture.

In comparison with North American hardwoods pulped under the same conditions, the
Philippine hardwoods gave much higher yields of more lignified pulps. Furthermore,
pulping was more difficult, as indicated by the higher sodium sulfite requirement and
longer time for a given lignin removal than has been experienced with a large number
of North American woods tested at the Forest Products Laboratory. The high lignin
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content of the Philippine semichemical pulps is und2ubtedly due to the high lignin
content of the woods themselves. These pulps were also low in content of pentosans--a
fact that is in agreement with the low content of this constituent in the wood.

The pulps made from the manggasinoro, red lauan, and tangile were low in strength
and, alone, would have little use (table 10). The strength of the white lauan pulp was
somewhat higher but still rather low.

The ilang-ilang pulp had fairly good strength, although it was low in tearing resistance
(No. 1024, table 10). The pulp made in the lowest yield from the mixture also had
fairly good strength, although not commensurate with the low yield (Nos. 1008-9). The
pulp made in a moderate yield of 72. 5 percent from the mixture (Nos. 1006-7) was also
low in strength, although possibly high enough for use in corrugating board. This
increase in strength with decrease in yield is typical of semichemical pulps.

Except for the ilang-ilang, the Philippine woods yielded low-strength semichemical
pulp in comparison with semichemical pulps from North American hardwoods.

Sulfate Semichemical Pulping 

Although most of the semichemical pulp made commercially is produced by the use of
sodium sulfite as the pulping reagent (neutral sulfite pulping), a small amount is made
with sulfate or kraft cooking liquor. The usual practice is to pulp the wood with about
one-half the usual amount of chemical used for producing kraft pulp. The chips are
therefore partially digested, and the pulping is completed by disintegrating the softened
chips mechanically in a disk refiner. Pulp made in this way is limited to use in
corrugating board.

One sulfate semichemical digestion was made on the mixture of four hardwoods with
10 percent total chemical (No. 4050, table 4). The yield of 74. 4 percent was in the
range of yields obtained from North American hardwoods pulped under the same
conditions. The pulp was low in strength, although comparable with that of the pulp
made in the same yield by the neutral sulfite process (Nos. 4050, table 4, and 1006-7,
table 10).

BLEACHING EXPERIMENTS

ecause newsprint and many other grades of paper have standards for whiteness, it
was necessary to bleach the pulps used in making the newsprint and finer papers.
Newsprint standards are low enough to allow generally the use of single-stage bleaching
methods, whereas higher standards necessitate multistage methods for the other white
papers.
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One-Stage Bleachin Experiments

Procedure

Several pulps made from the hardwoods and abaca hurds were bleached by a one-stage
calcium hypochlorite treatment, using conditions believed suitable for bleaching the
particular type of pulp in each instance and which could be maintained in equipment
used in commercial one-stage bleaching. The temperature and the pulp consistencies
throughout these experiments were moderate and in the range normally employed in

commercial bleaching of wood pulps.

In bleaching the sulfate pulps, the alkalinity was maintained in the pH range of 8. 5 to
10. 0 by intermittent addition of small amounts of sodium hydroxide to preserve pulp
strength without extending the reaction time unnecessarily. However, a relatively
large amount of alkali in the form of a mixture of sodium hydroxide and sodium silicate
was added initially, along with the hypochiorite liquor in bleaching the semichetnical
and groundwood pulps. Previous experience has shown that an initial pH value in the
range of 11. 5 to 12 was necessary to obtain the highest pulp brightness. Further, the
silicate usually helped to maintain the strength of pulps bleached with hypochlorites.
All of the bleached pulps were thoroughly washed with cold water after exhaustion of the

hypochlorite.

Tn each instance, bleaching tests were made on small quantities of the pulps to determine
the amount of available chlorine required to bleach the pulp to a brightness in the range
of 65 to 70 percent. However, 15 percent of available chlorine was the highest amount
used on any of the pulps, because it is not considered economical to use more than that
amount for bleaching pulps to be used in newsprint or other printing papers, Following
these tests, about 30 to 170 pounds of each of the pulps were bleached for use in
papermaking experiments using the chlorinator and washer of the pilot-plant bleaching
equipment described in a following section on multistage bleaching. The data for the
pilot-plant bleaches are given in table 11.

Bleaching of the Sulfate Pulps

the chlorine requirements for bleaching the sulfate pulps were within the range of
amounts usually required for bleaching sulfate pulps to 65 to 70 percent brightness
with hypochlorites. However, as would be expected, some of the sulfate pulps were
somewhat more difficult to bleach than others; that is, the abaca and the mixed hardwood
sulfate pulps required a larger amount of chlorine in proportion to their yield and
permanganate number than did the Hang-Hang and white lauan sulfate pulps (table 11).

The bleached hardwood sulfate pulps contained very few partially bleached shives or
discolored particles and were satisfactory in general appearance. The abaca hurd
sulfate pulp, however, contained a considerable amount of small black, gritty particles
which were not bleachable but could be removed by riffling the pulp either before or
after bleaching. This was accomplished by flowing a dilute suspension of the pulp,
about 0. 5 percent consistence or less, over a slightly inclined trough fitted with low
baffles and collecting the cleaned pulp in a fine wire-cloth screen box.
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As generally true in one-stage hypochlorite bleaching, the loss in weight of pulp during
the bleaching of the sulfate pulps was low, amounting to from 0 to 5 percent, based on
the unbleached pulp. The losses were slightly higher in the tests made in the pilot plant
where there was no recovery of fine material that passed through the washer screen.

Although the tearing resistance of the sulfate pulps was not harmed appreciably, there
were losses in other strength properties of the pulps upon bleaching which amounted
to from about 5 to 25 percent in bursting strength, 10 to 20 percent in tehsile strength,
and 10 to 50 percent in folding endurance. These differences may be noted by comparing
the data in tables 5 and 7 with those in table 12. Strength losses in this range are to
be expected in bleaching sulfate pulps in one stage to about 70 percent brightness. The
loss in strength would be expected to be appreciably less at lower brightness levels.
It is believed, however, that the bleached sulfate pulps had adequate strength for use in
newsprint and other printing papers.

Bleaching, of Ilang-Ilang Groundwood Pulp

The ilang-ilang groundwood was not difficult to bleach satisfactorily with either sodium
or calcium hypochlorites, although it was necessary to use sodium silicate with the
bleach liquor to obtain approximately normal brightness increases (table 11).

Bleaching of Semichemical Pulps

In past experiences, hypochlorites have been found very effective in bleaching neutral
sulfite semichemical pulps from hardwoods, and brightness increases with 10 percent
of available chlorine usually amount to 20 to 25 percentage points. However, the ilang-
ilang and white lauan semichemical pulps were unusually hard to bleach. Brightness
increases obtained with 10 percent available chlorine on these pulps were only 10 to 12
percentage points (table 11). Calcium hypochlorite in the amount of 15 percent of
equivalent available chlorine was required to obtain brightness increases of 22 to 26
percentage points, the minimum necessary to bring the brightness up to an acceptable
level.

The appearance of the bleached ilang-ilang and white lauan semichemical pulps was
poor, owing to the presence of partially bleached shiver and to a pronounced yellow
color which is characteristic of hypochlorite-.bleached semichemical pulps, especially

at low brightness levels.

The bleached semichemical pulps were approximately equal in strength to the unbleached
semichemical pulps but were considerably weaker than the bleached sulfate pulps from
the same species (table 12). It is believed likely, however, that by cooking to lower
yields there would be sufficient improvement in the strength and appearance of the
bleached pulps so they could be used satisfactorily in newsprint papers.

Multistage Bleaching Experiments

The sulfate pulps from the two hardwood mixtures were bleached to about 83 percent
brightness by a four-stage process comprising chlorination, alkaline extraction,
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chlorination, and hypochlorite oxidation. This process was selected because previous
work showed that it was more effective for bleaching sulfate pulps from other tropical
hardwoods than a process comprising chlorination, extraction, and two hypochlorite
stages.

Procedure

It had been previously noticed in bleaching tests on hardwood sulfate pulps that the
total chlorine requirement for bleaching to 83 percent brightness was about 0. 48 times
•the permanganate number. Approximately 65 percent of this estimated chlorine
requirement was applied in the first stage (chlorination) in small-scale tests. Adjust-
ments were made in the estimated amount of chlorine in the third and fourth stages
depending on the chlorine consumption in previous stages and the appearance of the
pulps. Further adjustments were also made in the pilot-plant tests to obtain bleached
pulps of 83 percent brightness. The conditions used in the pilot-plant bleaches are
given in table 13.

The pilot-plant equipment consists of (1) a rubber-lined chlorinator fitted with variable
speed shrouded impellors, (2) a stainless steel vessel with draft tube and screw for
extraction or hypochlorite treatments, (3) a dilution chest, and (4) a continuous vacuum
washer. In the chlorination treatments, the proper amount of liquid chlorine was weighed
from an inverted cylinder mounted on a scale, passed through an evaporator, and the
gas was then conducted into the pulp near the bottom impellor of the chlorinator. After
a reaction period of 1 hour, the residual chlorine was determined and the pulp was
discharged to the dilution chest and washed by two passes over the vacuum washer using
cold water showers.

For the extraction treatment, the washed chlorinated pulp was heated in the stainless
steel vessel to 70* C. by direct steam admitted at the top of the vessel. A solution
of sodium hydroxide was added slowly, and the pulp was circulated until the alkali was
uniformly distributed. After 1 hour, the pulp was discharged to the dilution chest and
washed by two passes over the vacuum washer, using hot water on the washer showers,
and then returned to the chlorinator.

The procedure followed in the first chlorination was repeated in the second chlorination,
after which the washed pulp was conducted into the stainless steel unit for the final
treatment with hypochlorite. The pulp was heated as in the extraction stage, calcium
hypochlorite with sufficient sodium hydroxide to provide suitable alkalinity was added
slowly, the reaction was allowed to proceed 4 hours, and the bleached pulps were washed
on the vacuum washer.

Bleaching Results

Although the total amount of chlorine required to bleach these pulps (about 7. 5 percent)
was not unusually high for hardwood sulfate pulps with this degree of cooking, an
appreciable excess of chlorine over the amount consumed was necessary to bleach them
to 83 percent brightness. At this brightness level, the bleached pulps contained very
few minute specks and appeared to be satisfactory in cleanliness for use in high-grade
book or bond papers.
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Bleached Pulp Strength

In general, some loss in strength is expected in bleaching sulfate pulps to the high
brightness of 83 percent. Except for only a slight decrease in tearing resistance,
however, the loss in strength upon bleaching the pulp from the four-wood mixture
(No. 2461, table 14 compared to the unbleached pulp in table 4) amounted to about one-
third in bursting and tensile strength and one-half in folding endurance due to the amount
of excess chlorine necessary to reach the desired brightness.

Although there was also a distinct loss in folding endurance and no change in tearing
resistance upon bleaching the pulp from three-wood mixture species (No. 2481, table
14), the retention of bursting and tensile strengths of this pulp was approximately
normal, 80 to 88 percent. It is reasonable to expect that the sulfate pulps from either
hardwood mixture could be bleached by a multistage process to a brightness of 70 to 75
percent and have a satisfactory appearance for newsprint or book paper, with little or
no loss in strength.

Yields of the bleached pulps, based on the weight of unbleached pulp--about 95 and
93 percent for bleaches Nos. 2461 and 2481, respectively--were normal for bleached
hardwood sulfate pulps.

PAPERMAKING EXPERIMENTS

Judgment of the quality of a particular paper was made in most cases by comparison
with known properties of the best commercial papers of each type . or with specifications
where available. A number of papers were made with abaca or kenaf present in
moderate amounts for the purpose of providing long fibers in the furnish.

The processing of the pulps in the beater and Jordan, and the addition of rosin size,
were determined by previous experience and little attempt was made to study these
important variables.

The papers and boards were made on a Fourdrinier paper machine, making a sheet
about 12 inches in width.

Linerboards

Linerboard for use in corrugated fiber containers was one of the important products in
this investigation. Experiments with several furnishes were made in evaluating the
hardwoods for this purpose, including the addition of abaca and kenaf fibers.

The quality of the experimental linerboards was judged by direct comparison with a
good-quality, commercial kraft linerboard from southern pine, the standard of the liner
industry in the United States, and by comparison with the test liner specifications of the
National Paperboard Association in the United States. Test liner specifications are
generally understood to require that board of the best grade have a minimum Mullen
test of 100 points for a 42-pound weight and to have satisfactory bending characteristics.
To be a "bender, " a linerboard must fold under pressure of the fingers, twice each way,
forward and back, in the same crease„ both with and across the grain, without breaking
the surface fibers of the board.
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The quality of linerboard is also judged by its tearing resistance and folding endurance,
although no standards are recognized. Good tearing resistance is considered necessary,
although it has not been established that the naturally high tear in southern pine kraft
liner is entirely needed. The folding test is not used very much in mill testing, but it
it believed to measure the toughness of the linerboard as well as to give information on

its bending and scoring qualities. The inherent high folding endurance of the southern
pine board may be more than needed for use requirements.

Boards Made Entirely from Mixed Hardwood Sulfate
Pulp (Series A, B, C, and D)

The first trial with a pulp made from the mixture of four woods produced a board not
meeting test liner specifications of bursting strength. It was also low in tearing resist-
ance and folding endurance for hardwood boards (No. 3527, Series A, table 15). A
subsequent run with a different pulp from the same wood mixture gave a board just
meeting the minimum bursting strength requirement (No. 3633).

A third experiment with pulp from a mixture of three woods gave the best board in this
series (No. 3759). This board was denser than the others, but was satisfactory in
bursting strength and somewhat improved in folding endurance. This board was
considered to be promising for linerboard use, except for a low tearing resistance that
apparently cannot be improved under the processing conditions needed to obtain an
adequate bursting strength.

The effect of the weight of the board on its bursting strength was determined by making
boards in three weights (Nos. 3759, 3757, and 3760, Series B, table 15). Basis weight
is sometimes varied in commercial practice as a means of meeting specifications. In
this series there was a trend toward increase in the Mullen test with increase in weight,
but the unit bursting strength and the folding endurance decreased, probably because of
less uniform formation in the board. There was no change in tearing resistance as a
result of the change in the weight of the board.

A laminated board was made with two plies of a lightweight liner paper of approximately
6 mils' thickness (No. 3785, Series C) using starch as the adhesive. The two-ply
board was heavier than a single-web board of about the same thickness (No. 3759) and
had a slightly higher Mullen test. However, the unit tests for bursting and tearing
strength, and particularly the folding endurance, were lower for the laminated than the
single-web board.

Except for an appreciable increase in folding endurance, a modified procedure for
processing the pulp in the beater had no effect on the board properties. For machine
run No. 3758, Series D, part of the pulp was processed in a beater to a low freeness and
blended with the proper proportion of unprocessed pulp tip give the same freeness as the
slightly processed furnish used in machine run No. 3759. There have been indications
in other work that blending stocks in this way improves board strength under certain
circumstances. The procedure may have promise for improving the folding character-
istics of boards in which hardwood pulp is used.

Boards Made With Abaca  Pulps (Series E)

In the first trials of this series, with additions to the furnish of 10 percent of the
sulfate pulp made from the abaca hurds, small increases in bursting and tearing
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strengths and a large increase in folding endurance were realized (No. 35?.8, table 15).
ecause the basic board (No. 3727) was well below test liner specification for Mullen

strength, the abaca -wood pulp board was also deficient in this respect. Similar
improvements in folding endurance were obtained in the subsequent runs, using varying
amounts of the abaca hurd pulp and another hardwood pulp (Nos. 3634, 3635, and 3636).
The indicated improvement in folding endurance achieved by the addition of a relatively
small amount of abaca hurd pulp would probably make its inclusion desirable, provided
no complicating factors were encountered.

The abaca fiber pulp obtained from the rope stock was blended with pulp made from the
mixture of three woods. The first trial was a failure, apparently because of under-
processing of the pulp mixture (machine run No. 3787, Series E). Another trial in which
the pulps were processed to a lower freeness gave quite encouraging results (No. 3761).
It appeared that an abaca pulp of good quality would be valuable for use with , the
Philippine hardwood pulp in making linerboard. It also appeared that separate processing
of the wood and abaca pulps might be advantageous in developing the best in both.

Boards Made With Kenaf Pulp (Series F)

The board made in machine run No. 3786 (table 15) with 20 percent of decorticated
kenaf pulp in the furnish was very low in strength. This was apparently partly due to
slightly inadequate pulp processing and partly to the bulkiness of the board. These
deficiencies were overcome in a repeat run, and a board having strength properties
equal to or greater than that of the control board without kenaf pulp was obtained
(No. 3790). Specifically, bursting strength was unchanged, but a small increase in
tearing resistance and an appreciable increase in folding endurance were obtained. It
appeared that the kenaf would be of value as a supplementary fiber in making linerboard.

Miscellaneous Hardwood Boards (Series G)

The linerboard made from the ilang-ilang sulfate pulp (No. 3529, table 15) had closely
the same strength properties as the best board from the hardwood mixture (No. 3759).
This wood therefore could be used either alone or in mixture with the others.

A board composed of sernichemical pulp made from the mixture of four woods (No. 3517)
was substandard in having a low bursting strength and a low folding endurance, although
its tearing resistance was about the same as found in the boards from the hardwood
sulfate pulps. The inferior quality of this board was undoubtedly due to the relatively
poor strength of the pulp.

Corrugating Boards 

The serviceability of a corrugated fiberboard container depends importantly on the
stiffness of the corrugated member in the fiberboard. The stiffness is judged by the
resistance of the corrugated member to a compressive force applied flatwise to the
fabricated board. The force causing failure is called the flat crush resistance of the
corrugated member.

The best corrugating board from the standpoint of flat-crush resistance (after corrugating)
was that made from the ilang-ilang semichemical pulp (No. 3519, table 16). The
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flat-crush resistance of this board was higher than that of the commercial board. The
uncorrugated board had adequate bursting strength, but it was low in tearing resistance
and very low in folding endurance. The relatively low tearing resistance would probably
not be serious in a board of this grade, but the low folding endurance might be an
indication of poor scoring in the manufacture of a container.

The neutral sulfite semichemical pulp from the hardwood mixture made a corrugating
board of good strength, but one low in flat-crush resistance (No. 3444). An improve-
ment in flat-crush resistance might be obtained by using a pulp made in a lower yield,
although it is difficult to predict how low the yield should be. Improvement could also
be expected by processing the pulp to a lower freeness value.

A kraft semichemical pulp from the hardwood mixture made a board with a good flat-
crush resistance, although this board was somewhat low in strength (No. 3612). A
full kraft pulp from the hardwood mixture made a board that had very high strength
properties but was low in flat-crush resistance (No. 3526). This indicated that a kraft
semichemical board made in a lower yield than that used in this investigation would
probably have both the strength and crush resistance qualities desired in a corrugating
board. A kraft semichemical operation is generally considered to be economically
favorable when conducted in connection with a full kraft operation.

News-Type Paper 

Experiments were made to determine whether satisfactory blends of the various pulps
made from the Philippine raw materials could be used for making newsprint paper.

Newsprint paper is commonly considered as a special type of printing paper. Most of
the newsprint used in the United States contains at least 70 percent of groundwood pulp
and the balance unbleached sulfite or semibleached sulfate pulp. 	 A Canadian news-

print paper made with 20 percent of sulfite and 80 percent of groundwood pulps from
spruce was used as the standard of comparison. Because the ilang-ilang groundwood
pulp was much weaker than softwood groundwood pulp, the maximum amount used in
the experiments was 60 percent.

All of the experimental papers were as strong or stronger than the commercial paper
used for comparison (table 17). The experimental papers were appreciably brighter
than the standard as a result of using bleached groundwood pulp. These papers were,
however, somewhat low in opacity. According to specifications of the United States
Government Printing Office, newsprint paper should have a minimum opacity of 90
percent. None of the experimental papers met this minimum opacity value. This
deficiency might be indication of showthrough in the printed paper. An improvement in
opacity might be obtained by the addition of a filler such as clay or titanium dioxide.
The amount of filler permissible would be limited, however, because of an attendant
strength loss. The experimental papers also were slightly more porous and absorptive
than the commercial paper, as shown by the lower test values for air resistance and
castor oil penetration. This difference can be attributed to the low density of the
experimental paper and probably could be corrected by making a denser sheet.

The properties of the newsprint papers varied over a small range, depending on the kind
and amount of chemical pulp used. The paper made with ilang-ilang sulfate pulp was
lower in tearing resistance and more dense than that containing the hardwood-mixture
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sulfate pulp (Nos. 3532 and 3620). rhc paper containing the white lauan semichemical
pulp was the weakest of all the experimental papers, undoubtedly because of the
relatively low strength of this pulp. However, this paper had the highest opacity
(No. 3533).

The addition of abaca hurd pulp did not appear to affect paper strength in any consistent
manner, although the strongest paper was obtained with the highest amount of abaca
hurds and the lowest amount of the groundwood (No. 3622). The abaca hurds had an
adverse effect on opacity in all, but one trial (No. 3534). It appeared that a substantial
substitution of the abaca hurds pulp could be used to improve paper strength greatly
and that such a substitution would tend to lower opacity. It is possible that a stronger,
longer fibered pulp, such as the kenaf or abaca pulp from the rope stock, or its
equivalent, could be used in smaller amounts to improve the strength to a point where

the printed paper could be reused for wrapping.

Two other runs of paper of newsprint weight were made entirely from bleached hard-
wood sulfate pulps (except for filler added). The discussion of these papers is included
with that of other white papers made from these pulps.

Wrapping Paper 

The sulfate pulp from the three-wood mixture, described previously, was used for
making wrapping papers. The first two papers (Nos. 37 62 and 37 63, table 18) were
less dense than desirable and were low in bursting strength and folding endurance in
comparison with standard southern pine kraft wrapping paper. However, they had good
to excellent tearing resistance, an important property in wrapping paper. A subsequent
run was made to produce a denser sheet by increasing the press pressures (No. 3813).
This paper was improved in bursting strength, although it still was only 70 percent of
the standard and very low in folding endurance. The folding endurance is a measure of
the toughness and flexibility of the paper and in this case it may also be an indication
of limited possibilities of reusing the paper for wrapping purposes.

A great improvement in quality was obtained when abaca sulfate pulp was substituted for
20 percent of the hardwood sulfate pulp (No. 3814). The sheet had practically the same
strength properties as the standard kraft wrapper.

These few trials indicated that a kraft wrapping paper of promising serviceability could
be made from 100 percent Philippine hardwood sulfate pulp, although somewhat below
the quality of the best softwood paper of this grade. It was also indicated that the
highest quality kraft wrapper could be made with the addition of a moderate amount of
long fiber, such as is supplied by the abaca pulp.

White Papers

Seven types of white paper were made using the two bleached sulfate pulps from the
three- and the four-wood mixtures of the Philippine hardwoods. Single short runs were
made so the results are indicative only of the possibilities for the pulps. The properties
of most of the papers could be expected to be improved by variations in the beater
processing, machine-operating conditions, surface sizing for some papers, and other
factors.
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Stock Preparation andi1.12E-iiaclasili2...x2,2

All runs on white papers consisted of 100 percent of the bleached sulfate pulps. The
amount of beating varied with the type of paper. The pH value of the stock was lowered
to about 7.0 with sulfuric acid after processing. If filler or alum were added to the
stock, this was done when the stock was neutral, that is, at pH 7.0. One percent of
titanox and I percent of rosin size were added to the furnish for the bond, airmail, and
tablet papers. Fifteen percent of titanox was added to the book paper furnish and 20
percent to the newsprint paper furnish. The pH value was then lowered to about 5.0
with alum. The dilution water was adjusted, likewise, and alum was added at the
headbox during a run to maintain a white water pH value of about 6.0. The paper
maching was run at a speed of 50 to 75 feet per minute. Adjustment of the number of
nips and pressure on the calenders was done by judgment of the condition of the
uncalendered sheet.

Quality of the White Papers

The bond papers (Nos. 3736 and 3791, table 19) had good formation, surface texture,
and color. Though fairly strong, they were, in comparison with the better commercial
bond papers, somewhat low in bursting, tensile, and folding strengths. They had
excellent tearing resistance. The deficient strength properties could probably be
improved by more processing of the pulp or by the use of special surface sizing or
coating. The bond papers made from the two bleached pulps had closely the same
properties.

The airmail type bond paper (No. 3738) was very dense and hard as a result of
processing given to the pulp to develop its strength qualities. The pulp processing was
not excessive so far as the bursting strength of the paper was concerned, but the low
opacity of the paper indicates the pulp was over processed for that property. The sheet
was quite attractive but was not up to the quality of papers of this type that had been
made at the Forest Products Laboratory from other hardwoods. It appeared that
considerable improvement might be expected by further study of the conditions of making
the paper.

The tablet papers (Nos. 3737 and 3792) were lightweight bond papers made after
considerable processing of the two pulps. As a result, a well-formed, dense sheet was
obtained with good bursting strength, fair tearing resistance, and low opacity. These
papers might also be classified as lightweight book or wrapping papers. The papers
made from the two pulps had closely the same properties.

The book paper (No. 3748) was somewhat low in strength for this grade of paper. It had
good formation and texture, but, like the other papers, was low in opacity though 15
percent of filler was added. It is possible that, with more study, a paper suitable for
coating could be made from this kind of pulp.

A paper that might have use as newsprint was made with a large amount (20 percent) of
filler added to overcome the inherent lack of opacity in the bleached hardwood sulfate
pulp. Even with 20 percent added, however, the paper was still low in this quality.
The first trial (No. 3793) gave a paper that was low in bursting strength, but this was
overcome by more processing and the paper from the second trial (No. 3794) was fairly
adequate in this respect. These news-type papers appeared to be satisfactory in other
properties, but printing trials would be necessary to show the printing characteristics
and the degree of showthrough and strikethrough. Because a fully bleached pulp was used
in this paper, , the brightness was much higher than necessary.
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Creped toilet tissue papers were made with and without a small amount of calendering
(Nos. 3795 and 3796). These sheets were well formed and appeared satisfactory for
this grade paper. The slight calendering action had little perceptible effect on the
properties of the paper. These papers were comparable in strength to commercial
papers of this grade, although weaker than the best. They had excellent absorbency.

The creped toweling paper (No. 3797) was of excellent quality and was believed to meet
commercial standards for this grade of paper. It had particularly good absorbency.

CONCLUSIONS

From the experiments made on the samples of these woods and fibrous materials it may
be concluded that:

(1) The hardwoods vary moderately among themselves in their density and chemical
composition but vary widely in average fiber length. In comparison with U. S. and
Canadian hardwoods, these Philippine woods fall in the lower part of the range in
density, are distinguished by high lignin, low holocellulose, high alpha-cellulose, and
low pentosan contents, and have the same range and average for the lengths of the
whole fibers.

(2) Benguet pine resembles northern pine anatomically and southern pine in gross
appearance, has a density intermediate to the two, has a chemical composition
typical of softwood except for a low pentosan content, and has a fiber length close to
that of northern pine. The sulfate pulp has excellent strength and though not confirmed
by experiments, undoubtedly could be used to provide the long fiber needed in certain
paper formulations.

(3) The hardwoods are reduced to well-delignified sulfate pulps in yields of 45 to 50
percent, using relatively low amounts of cooking chemicals, as low as the lowest
amount for American hardwoods. The pulps compare favorably in strength with the
strongest American hardwood pulps. Small differences are found in the pulping of the
individual woods, and they pulp equally well singly or in mixture. The manggasinoro
pulp is indicated as being slightly stronger than the others,

(4) These Philippine hardwoods can be pulped by the neutral sulfite semichemical
process, but the chemicals and cooking times required are high and the pulps are poorly
delignified, except under drastic conditions. The individual woods vary considerably
in their response to neutral sulfite semichemical pulping, and the pulps also vary in
strength. The ilang-ilang pulp is the strongest, the white lauan is the next strongest,
and the others are appreciably weaker. On the other hand, the hardwoods (in mixture)
react normally to sulfate semichemical pulping in comparison with American hardwoods
to give a pulp of fair strength in a yield near 75 percent.

(5) sy the groundwood process ilang-ilang makes a weak, dark-colored, filler-type
pulp and uses a moderately high amount of energy in its preparation.

(6) The hardwood sulfate pulps are readily bleached by conventional single-stage and
multistage methods using moderate amounts of chlorine to produce clean, white pulps.
As bleached in this investigation, the bleached pulps are weaker than the unbleached
pulps, especially in folding endurance. The hardwood neutral sulfite semichemical
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pulps require excessive amounts of bleaching chemical to produce pulps with a
satisfactory brightness in a single-stage procedure. The abaca hurds sulfate and the
ilang-ilang groundwood pulps are bleached to a brightness satisfactory for use in
newsprint paper by the conventional single-stage procedure and amounts of bleaching
chemical.

(7) The abaca hurds and abaca rope stock are completely pulped under mild sulfate
pulping conditions to give pulps in high yields near 50 to 75 percent, respectively.
The pulp from the abaca hurds is comparable in strength with the hardwood pulp, except
for a higher folding endurance. Pulp made from choice abaca fiber (rope stock) has
bursting strength comparable to that of softwood pulp and exceptionally high tearing
resistance and folding endurance.

(8) The kenaf plant has the chemical composition of a woody plant with a fairly low
lignin content and a high alkali-soluble content. Decorticated kenaf has a low lignin
content and an average fiber length in the softwood range, but with long fibers present.
Kenaf stems are incompletely pulped even with excessive amounts of sulfate pulping
chemical, but the decorticated material is well pulped with chemical usage correspond-
ing to that for softwoods. The pulps tend to be specky and to have strength properties
lower than for the hardwoods except for a high tearing resistance.

(9) Linerboards made entirely from mixed hardwood sulfate pulps meet test liner
specifications, but are lower in tearing resistance and folding endurance than the
highest quality boards made in the United States from southern pine. Improvements in
tearing and folding strengths are obtained by additions of moderate amounts of long.:
fibered pulps such as those made from the abaca and kenaf plants.

(10) Kraft wrapping paper made from mixed hardwood sulfate pulp is below the highest
standards for this grade in strength, but has use possibilities. The addition of a
moderate amount of abaca pulp raises this paper to standard high quality.

(11) Corrugating boards made with neutral sulfite semichemical pulp produced from
ilang-ilang and with sulfate semichemical pulp made from a mixture of the hardwoods
have the high flat-crush resistance after corrugating necessary for high quality in this
product.

(12) Newsprint papers made with 40 to 50 percent of the mixed hardwood bleached sulfate
pulp and the remainder ilang-ilang bleached groundwood pulp have adequate strength and
are satisfactory in other respects except for being less opaque than desirable.

(13) White papers of bond, printing, and tissue and towel grades made from the
hardwood bleached sulfate pulp are clean, bright, and well formed and appear of salable
quality, although they are generally not as high in strength as is customary for those
grades.
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Table

•

Source of fibers :Cook No.:

•

Length of fibers	 :Standard:Coeffi
	 : devia- cient

Average:Maximum:Minimum: tion	 of
:variation

,00.00.mossoo.ow0000M
I MMMM •r OWOMM•Ot iolmoo :.80, 61000 00 •M W

Mm. ro Mm.

MACERATED WOODS

• Mra.
MwMlrr

Mm. : Percent

Ilang-ilang	 : ...... .: 0.99 : 1.42 : 0.53	 0.174 : 17.6

Tangile	 : ...... .: 1.32	 2.04	 .60	 .238	 18.0

White lauan	 : ....... .: 1.70	 2.41 • .93	 .281	 16.5

Red lauan	 .........	 1.73	 2.45 :	 .93	 .309	 17.9

Manggasinoro	 :........: 1.87	 2.49	 1.03 . .263	 14.1

SULFATE PULPS

Ilang Jiang	 :	 4032 : 1.19 : 1.83 : .46 : .296

White lauan: 	 : 1.70 : 2.65	 .99 : .283
1 

Mixed hardwoods-	 4049: 1.43 : 2.28 •

	

.	 .74 :	 359

Abaca fiberag	2672 : 3.82 : 8.37	 1.09 : 1.507

Abaca hurds	 :.	 4039 : 2.86 : 7.81 .

	

.	 .66	 1.397

Abaca hurds and	 •

	

mixed hardwoodskl 2516-7 1.60 : 5.07	 .78 : .585

Kenaf, whole stem ..	 2585	 2.21 : 6.97	 .53 : 1.411

Kenaf depithed	 2590	 2.07 • 7.14	 .45 : 1.444, 
Kenaf, decorticated: 2593-4 . 2.74	 7.60	 .98 . 1.145

Benguet pine	 2649	 3.70	 6.75	 .86 : 1.612

1---Manggasinoro, red lauan, tangile, white lauan in equal proportions by
volume.

2
-Pulp from commercial Manila hemp rope.
3
-The pulp was made from a mixture of 20 percent abaca hurds and 80

percent of the mixed hardwoods.

24.9
16.6
25.1
39.5
48.8

•
•

36.6
63.8
69.8
41.8
43.6
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	Material :Chemicals consumed:	 Pulp yield
•	

tl

:Permanganate
: number

Table ---11112....s1J211/E1111.14.2.1.m.
Philippine hardwoods

•
	 :Screened:Screenings:

........	 .....
Percent	 :Percent : Percent :

Ilang-ilang:
White lauan:
Mixturel
Mixture

90.9
92.1
92.5
93.5

. 48.8 :	 0.5	 18.5
: 51,1	 :	 .2	 18.3

45.7	 .2	 :	 17.1
:	 47.1	 .2	 :	 16.7

—Total chemical 20 percent; sulfidity 30 percent; liquor to
wood ratio, 4 to 1; schedule 1-1/2 hours to 170° C., 1-1/2
hours at 170 * C.

2
—.Equal parts by volume of white lauan, red lauan, tangile, and

manggasinoro.
3
Equal parts of white lauan, red lauan, and tangile.
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Table 5.--5tren;RthREMELL12fambltaEtti...E91E9q....2912!

made from Phili ine woods"

Diges-: Species :Beat-:Freeness :Bursting:Tearing :Folding: Tensile :Density
Lion o	 4 ing :(Canadian:strength:strength:endur- :strength :
No. :	 :time :Standard):	 ante :(breaking:

	

:	 •length):
-------	 -------

	

:Min. :	 Cc.	 :21�L_Efr: G...22" :Double :	 M.

	

o	 :lb. 21c	 : folds :	 :	 cc.
2	 :	 2	 :

rm.-	 rm.-

4033 :Ilang-ilang: 0	 525	 . 0.53 : 1.35 :	 20 : 5,830 : 0.71

:	 : 12 :	 450	 :	 .84 .	 1.28	 :	 105 :	 7,500 :	 .81

	

: 27	 350	 t	 1.02 : 1.11 Y	 350 : 9,050 •	 .89

	

: 45	 .

	

.	 250	 :	 1.10	 .88 .

	

•	 680 : 10,080 t	 .94

4032	 0 :	 560	 0	 .49 : 1.44 :	 12 : 4,780 :	 .70

	

20 :	 450	 :	 .90 : 1.46 :	 150: 7,950 :	 .84

	

39 :	 350	 : 106 - 1.14 :	 400: 9,200 : .92

	

: 58 :	 250	 :	 1.13 :	 .97	 :	 850 t 9,500 :	 .98

	

4034 :White lauan: 0 : 	 665	 .23	 1.40 :	 3 : 2,800 : .47

	

: 34 t	 450	 :	 .90 : 1.65 :	 200 : 7,700 :	 .80

	

: 44 :	 350	 .98 : 1.40 :	 350	 8,100 : .85

	

56	 250	 p 1.07 : 1.23 :	 680 : 8,600 : .89

4040-1:Mixturel	: 0 :	 640	 :	 .30 : 1.52 :	 5 : 3,510	 .50

:	 : 37 .	 450	 . 1.02 t 1.78 :	 380: 7,800	 .77

	

: 51 t	 350	 t 1.16 : 1.55 :	 800 : 8,600	 .82

.	 : 68	 .

	

.	 250	 :	 1.26 0	 1.35 : 1,350 : 9,650 :	 .87

4049	 :.... o.....: 0	 :	 665	 :	 .24	 1.17	 .	 4 :	 2,960	 :	 .47

	

: 31 t	 450	 ,.	 .90 : 1.66	 250 : 7,800 :	 .74
.. : 42 :	 350	 :	 .96	 1.41	 300 : 8,150 :	 .80

. : 53 :	 250	 : 1.02 : 1.24 :	 600: 8,400 :	 .85

4050	 :....do.....:	 0	 :.	 570	 -:	 .20	 :	 .85	 :	 1 :	 2,290	 :	 .43

:	 : 12 :	 450	 t	 .31 :	 .93 :	 3 :	 3,200	 .48

	

: 22 :	 350	 .,	 .37	 :	 ,94 :	 6 :	 4,400	 :	 .52

:	 : 33 :	 250	 :	 042 °	 .92 :	 10 : 4,700	 .57

4072 :Hardwood	 : 0 :	 665	 .	 .20 : 1.20 :	 2 : 2,820 : .45

	

: mixtureA : 28 :	 450	 :	 .77 : 1.77 :	 170 : 7,300	 .68

. : 39 :	 350	 .92 : 1.52 :	 390 : 7,900	 .73.

	

: 50 :	 250	 u	 .97 : 1.32 :	 590: 8,250	 .78
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Table .--Stren th ro erties of unbleached sulfate 'ui
1

made from Philip2ADL_222417--Continued

Diges-: Species
Lion
No.	 :

:Beat-:Freeness : Bursting: Tearing : Folding: Tensile :Density
: ing :(Canadian:strength:strength:endur- : strength :
:time :Standard):	 :.	 : ance :(breaking:
:	 :	 . . .	 : length):

	

- - - - - mo:mm ..... -:-----: ... ..	 . -----	 -- --	 -----	 _ --:--_---:- ----- -- 
:Min. :	 Cc.	 :Pts. per G. per :Double :	 M. :G. per

	

:lb. per	 : folds	 : cc.

	

rm.—	 rm.—

	

2	 :

2648 :Benguet
: pine

0 :	 715	 .. 0.11 o	 2.20
: 39	 :.	 450	 : 1.09 .. 2.72

50 :	 350	 : 1.20	 2.07
. 66 :	 250	 : 1.30 : 1.74

.......	 1,675	 : 0.28
530 : 7,700 : .61
690 : 8,200 : .67
880	 9,000 2 .71

2649	 :0... Owe.: 0
33

: 46
: 60

730	 ..	 .11	 :	 3.06
450	 : 1.00 : 2.46
350	 : 1.10	 2.02
250	 .. 1.12	 :	 1.91

400
460 .
510 :

1,830
7,700 :

300
,500

.27

.62

.67

.71

Data interpolated from standard beater test curves.
2
Ream of 500 sheets, 25 by 40 inches,
3

—Equal parts, of white lauan, red lauan, manggasinoro, and tangile by volume.
4
—Equal parts, each of white lauan, red lauan, and tangile, by volume.
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•

•

22 :
45
75 :

150 :

4,390
5,800
6,300
6,600

•

•
•

.39

.47

.51

.55

Table .--Stren th ro erties of unbleached abaca and kenaf sulfate	 s

Digestion: Material :Beat-:Freeness :Bursting:Tearing :Folding: Tensile :Density
No.	 :	 : ing :(Canadian:strength:strength:endur- : strength:

:time :Standard):	 :	 ance .(breaking:
• .	 •.	 :	 length):
. ..... .:morow . ... . . .-romes: ..... mom.

:Min. :	 Cc.	 :Pts. par: G. per :Double	 M.
lb. per:lb. per : folds	 : cc.

2 :	 2
rm.-	 rm.-

4081 :Abaca fiber : 0 :
43 :

: 58
: 73	 :

705	 : 0.38	 3.84	 16
450	 : 1.71 : 5.00 : 3,700
350	 : 1.71	 4.60 : 4,350
250	 1.50	 4.30	 4,700

3 0 060 : 0.38
9,500 .64
9,750 : .65

	

9,150	 .66
•
•
•

4039	 :Abaca hurds : 0
	

580	 :	 .85 : 2.12	 270 : 6,520	 .64
: (after	 : 7
	

450	 1.02	 1.41	 800	 8,450	 .70
: riffling) : 13
	

350	 1.12	 1.20 : 1,050	 9,050	 .73
: 19 •
	

250	 : 1.17 : 1.15	 1,150 : 9,100 :	 .75

2584-5	 :Kenaf (whole:	 :	 610	 .	 .28	 1.94 :	 5	 2,790 : .44
: stems)	 : 9 :	 450	 .	 .54 : 1.50 :	 18	 4,100	 .56
:	 : 14 :	 350	 :	 .64	 1.27 :	 35	 5,300 : .62

: 20 :	 250	 :	 .70 : 1.05 :	 54 : 6,650 :	 .68

2590	 :Kenaf	 : 0 :	 480	 .54 : 2.18	 26 : 6,110 : .50
: (depithed): 2	 450	 :	 .60 : 2.05 :	 40 : 6,400	 .53
:	 7 :	 350	 .80 : 1.65	 90	 7,200	 .59
:	 : 15	 250	 :	 .93	 1.33 :	 147 : 7,800	 .65

2593-4	 :Kenaf	 : 0 :	 615	 .48	 3.27
(decor-	 : 8 :	 450	 :	 .66 : 2.15

	

: ticated) : 13 :	 350	 0	 .70	 1.75

	

18 :	 250	 :	 .72	 1.45

4082-3-4 :.....do.....: 0

	

: 13	 •

•
	 : 20

27

655	 :.	 .31 : 2.70	 9 : 3,500 : .40
450	 .67	 1.92	 67 : 6,300 : .50
350'	 :.	 .75 :	 1.65 :	 86 :	 6,640 :	 .53
250	 :	 .78	 1.47	 130	 6,800	 .58

1
Data interpolated from standard beater test curves.

2
-Ream of 500 sheets, 25 by 40 inches.
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Table 9.--Neutral sulfite semichemical pulping of Philippine woodel

Species	 :Digestion:	 Chemicals charged	 :	 Cooking	 . Yield.
:	 No.	 of

	

Concentration:	 Amount	 :Maximum: Time : pulp
:...........-------t-------------:temper-: at
:Sodium :Sodium:Sodium :Sodium : ature :maximum:

	

:sulfite:bicar-:sulfite:bicar- : 	 :temper-:

	

:bonate:	 :bonate :	 : tune
mosemosmilisommiloosubsommois :Imilmommarpormaragowsim:sommsom  

G. EtE :  G. pfLr:112.L22E:Lb.__Efrer:
1.	 : 1.	 :100 lb.:100 lb.:

2 :	 2 twood- wood-

11."
:100 lb. 

2wood-

Tangile	 989	 : 40.2 t 20.1 : 15.1 : 7.5 2 170	 1.25	 78.6

	

Manggasinoro: 990	 : 40.2 : 20.1 : 15.1 : 7.5	 170 : 1.0	 : 79.7

Red lauan	 992	 : 40.1 : 20.2 : /5.1 : 7.6 : 170 : 1.25	 78.5

	

White lauan : 991	 : 40.1 : 20.2	 15.1 . 7.6 : 170 : 1.75 . 83.8

	

1002	 : 40.4 : 19.3 : 15.2 : 7.2 : 170 : 1.25 : 85.0
1	 : 5508	 . 53.4 : /6.2 : 20.0	 6.0 : 170 : 5.50 : 77.7

3Mixture 	 : 1006-7	 58.0 : 28.0	 21.8	 10.5	 170	 5.0	 72.5

	

1008-9	 85.8	 18.3 t 32.2	 6.9 t 175 . 7.9	 : 57.2

	

:5503	 t 57.8	 15.4	 21.7 : 5.8 : 172	 5.0	 72.8

	

5504	 69.6	 21.7 ! 26.1 : 8.2 : 177	 5.25	 64.5

	

Ilang-i1arg t 1024	 54.7 : 19.1 : 20.5 z 7.2	 170 : 4.25 t 73.0

	

5507-9	 40.1	 15.3 : 15.0 : 5.8 : 170	 2.25 : 79.2

1
-Conditions common to all digestions: Chips steamed at atmospheric pressure

for 0.5 hour before adding cooking liquor. Liquor added in the amount f
45 gallons per 100 pounds of moisture-free wood. Two hours to maximum
temperature.

2
-Moisture-free basis.
3
-Mixture of equal parts of tangile, manggasinoro, red lauan,

by volume.
n white lauan
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Table 12.--Strength of one-stage bleached pulps from

Philippine hardwoods and abaca 

•

Beating:Freeness :Bursting: Tearing : Folding Tensile :Density
time :(Canadian:strength:resistance:endurance:strength

:Standard):	 :(breaking:
length) :

•
•

	

Min.	 M.	 :Pts. per:9per lb.. Double •
:lb. per :	 ,m 2 : folds

F,

rm.	 •2

ILANG-ILANG SULFATE PULP; BLEACH NO. 2263; DIGESTION NO. 4032

O 520	 : 0.49 t	 1.58	 15 : 4,250 : 0.72

	

16	 450	 .75	 1.35	 110	 6,500	 .81

	

37	 350	 1.02	 1.05	 370	 7,720	 .91

	

58	 250	 : 1.02	 .92	 720 : 8,800	 .99

ILANG-ILANG NSSO3 PULP; BLEACH NO. 2284; DIGESTION NO. 5509N

O 685	 .15 :	 .67	 1 : 1,870	 .39

	

36	 450	 .55	 .80	 24	 5,500	 .62

	

46	 350	 .64 :	 .70	 42	 6,100	 .75

	

56	 :	 250	 .70	 .60	 67	 6,750	 .79

WHITE LAUAN SULFATE PULP; BLEACH NO. 2264; DIGESTION NO. 4034

	

0	 660	 .26 :	 1.51	 4	 2,830	 .50

	

31	 450	 .85 :	 1.55	 175 .. 6,900 : .79

	

43	 350	 .92 :	 1.30	 260 .. 7,200 :	 .84

	

54	 250	 .95 :	 1.13	 370	 7,300 : .90

WHITE LAUAN NSSCa PULP; BLEACH NO. 2281; DIGESTION NO. 5508N

O 685	 :	 .04	 .42	 .........:	 916	 .26

	

18	 :.	 450	 .37	 .92	 :	 6 : 4,000 : .49

	

25	 :	 350	 :	 .44	 .95	 9 : 4,900 : .56

	

23	 250	 :	 .48	 .87	 :	 12 : 5,500 : .62

MIXED HARDWOOD- SULFATE PULP; BLEACH NO. 2324; DIGESTION NO. 4049

	

0	 :	 670	 .19	 1.03
	

2 : 1,763	 .40

	

27	 :	 450	 .71	 1.55
	

70 : 6,050	 .67

	

38	 :	 350	 .77 i	 1.35
	

150	 6,700 : .73

	

48	 :	 250	 .81 :	 1.15
	

300	 7,050 : .75

ABACA HURDS SULFATE PULP; BLEACH NO. 2280; DIGESTION NO. 4039

	

0	 515	 .79 :	 1.90	 219	 5,950	 .64

	

5	 450	 .84 :	 1.70	 420 : 7,500	 .67

	

11	 350	 .92 :	 1.40	 750 : 8,500 : .73

	

17	 250
	

1.01 :	 1.20	 1,000	 9,000 : .78

-Data interpolated from standard beater test curves.

-Ream of 500 cheets, 25 by 40 inches.
3

Neutral sulfite semichemical.

-Equal parts of white and red lauan, manggasinoro, and tangile
by volume.
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Table 13.--TalLIRL21f bleacliasofallfateaulaa
ML12fr2ELEIIIfESLE2LLDIELIt
hardwoods

	

2
Digestion No. • • • Oe• • • • 0 • • 0 0 • • 0 ID • • 0 0 0 • • • • • • • • • • • • 	

1
–4049	 :-4072

Bleach	 ............. 0••..........•••. 0••....... • •	 2461	 :	 2481

Chlorination, 1 hour at 25° C., 2-2.5
percent consistence:

	

Chlorine applied• • • • • • • • • • • • • • 0 • • • • • • percent:	 4.8	 :	 5.6

	

Chlorine consumed. • • • 0 • 0 • • • • • • • • • • • • • percent:	 4.5	 :	 5.2
Acidity (hydrochloric acid , added) .........pH: 2.2-1.9 : 1.7-1.6

Extraction, 1 hour at 70° C.:

	

Sodium hydroxide applied. 0 • • • • • 0 • • • 9 • • • percent:	 2.1	 :	 2.0

	

Consistence. 0 0 • • • • • • 0 • • 0 • • • 0 0 0 0 • • • • ....percent:	 11	 :	 11.9

Chlorination, 1 hour at 25° C., 2-2.5
percent consistence:	 :	 •

	

Chlorine applied• • • • 0 0 • • • 0 • • • • • • • • • • • percent:	 1.7	 :	 .9

	

Chlorine consumed. • 0 • • • • • • • • • • • • • • • • • percent:	 .8	 :	 .4
Acidity (hydrochloric acid added) ....... pH: 2.4-2.4 : 2.5-2.5

Oxidation (calcium hypochlorite), 4 hours at
35° to 37° C.:	 :	 •

	

Available chlorine applied ........... percent:	 1.0	 :	 1.0

	

Available chlorine consumed ........ ..percent:	 .6	 :	 .7

	

Consistence, • • • • • • • • • • • • • • • • 0 • • • • • • • • percent:	 9.6	 :	 11
Alkalinity (sodium hydroxide added).......pH: 9.6-8.9 : 8.8-8.3

	

Total chlorine applied• 0 • • • • • • • • • • • ......percent:	 7.5	 7.5

Bleached pulp:

	

Brightness (G.E. equivalent)...........percent:	 83.3	 : 83.7

	

Yield (based on weight of wood)........percent: 	 41.9	 : 44.4

–Equal proportions of white and red lauan, manggasinoro, and tangile
by volume.

2
–Equal proportions of white and red lauan, and tangile by volume.
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Min. • M	 :Pts. pss:2L_ptrtE_It.: Double	 M.	 :21RU.
: folds	 . cc,per rm.2

•

• rm..1

3
MIXED HARDWOOD— SULFATE PULP; DIGESTION NO. 4049; BLEACH NO. 2461

Table 14.--Stren • th of multista e bleached sulfate 'ul

from Phili ine hardwood mix ures^°

Beating: Freeness :Bursting: Tearing	 Folding Tensile :Density
time :(Canadian:strength:resistance:endurance: strength:

	

:Standard):	 : (breaking:

	

•
	 length): 

• :MAWIPM.miwOmma   

	

0	 :	 665	 0.19 :	 1.06	 :.	 2	 : 1,800 : 0.44

	

23	 :• 450	 :	 .63 :	 1.60	 47	 : 5,300 : .69

	

32	 :	 350	 :	 .72 :	 1.32	 82	 : 6,050	 .74

	

40	 :.	 250	 .82 :	 1.17	 185	 : 6,750	 .79

MIXED HARDWOOD- SULFATE PULP; DIGESTION NO. 4072; BLEACH NO. 2481

	

o	 :	 630	 :.	 .22	 1.14	 :	 3	 2,460 :.. .49

	

24	 :	 450	 .68 :	 1.75	 :	 55	 : 5,700 . .70

	

36	 :	 350	 :.	 .83 :	 1.50	 :	 155	 :	 6,800 :	 .76

	

50	 :	 250	 .90 :	 1.30	 : 340	 : 7,300	 .82

1
—Data interpolated from standard beater test curves.

'Ream of 500 sheets 25 by 40 inches., 

Equal parts of white and red lauan, manggasinoro, and tangile
by volume.

4
—Equal parts of white and red lauan and tangile by volume.
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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 Manufac-
turers, Woodworkers
and Teachers of Wood-
shop Practice

Note: Since Forest Products Laboratory publications are so varied in sub-
ject, 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 Laboratory' 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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