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Summary 

Several Pacific Coast woods, including red alder, old- and second-growth
Douglas-fir, western redcedar, and western hemlock, were evaluated for
semichemical pulping by the neutral sulfite and sulfate processes.? The
following major results were obtained:

1. The red alder, which showed characteristics typical for a hardwood in
semichemical pulping, gave neutral sulfite pulps with excellent promise
for use in container boards and bleached-paper products.

2. The softwoods required typically high chemical and fiberizing energies
in semichemical pulping by the neutral sulfite process. The pulps made
from western redcedar and western hemlock showed considerable promise
for use in paperboard, while pulps made from Douglas-fir showed somewhat
less promise. Starting with the highest, the order of overall strength
properties of the pulps was: hemlock, redcedar, second-growth Douglas-fir,
and old-growth Douglas fir.

1
–Maintained at Madison, Wis., in cooperation with the University of

Wisconsin.
2
Acknowledgment is made to Pope and Talbot, Inc., Portland, Oreg., Mead

Board Sales, Inc., Cincinnati, Ohio, and the Green Bay Paper and Pulp
Company, Green Bay, Wis., for their cooperation in part of this project.
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3. The sulfate semichemical pulps made from red alder and old-growth
Douglas-fir had lower chemical requirements and were generally lower in
bursting strength and higher in folding endurance than their neutral sul-
fite counterparts. The paperboards made from them were of fair quality.

4. Strong, bleached, neutral sulfite pulps can be produced in yields of
55 percent from red alder and 50 percent from second-growth Douglas-fir.

Introduction

The semichemical pulping process, which has grown remarkably in applica-
tion in the last decade (2)2 has been used almost exclusively in the Lake
States and Southern pulping areas, mainly for the abundant short-fibered
hardwoods. Recent developments have introduced it to the Northeast and
Pacific Coast (1, 3).

Although the greatest application of the semichemical pulping process is
with the short-fibered hardwoods, there is some commercial production from
softwoods, and experiments indicate that useful semichemical pulps can be
produced from the long-fibered coniferous species (6). These latter
developments are especially important for the Pacific Coast, where the
forests are primarily softwoods with a relatively small amount of hard-
woods.

In recent years, investigations were made at the Forest Products Labora-
tory on the semichemical pulping of several important Pacific Coast woods.
This report presents a qualitative review of the results of these investi-
gations with the hope of contributing information on the pulping of
Pacific Coast woods by a process little mentioned in the literature. The
species investigated were red alder, old- and second-growth Douglas-fir,
western redcedar, and western hemlock. The results of brief studies of
the bleaching of semichemical pulps from red alder and Douglas-fir and of
the production of certain paperboards and papers from the semichemical
pulps are also given in this report. The facilities for pulp and paper
research at the Forest Products Laboratory are described in Forest Products
Laboratory Report No. 1499 (4).

Pulping, Bleaching, and Paper-making Experiments

Bark-free wood was reduced to 5/8-inch chips for the pulping tests. Pulp-
ing liquors were made in tanks from technical-grade chemicals with no addi-
tion of spent or black liquor. The pulping tests were conducted in steam-

3
–Underlined numbers in parentheses refer to Literature Cited at end of

the text.
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jacketed rotary digesters, which were of 0.5-, 0.8-, and 13-cubic-foot
capacity, and produced an average of 3, 5, and 75 pounds of semichemical
pulp, respectively.

The sulfate semichemical digestions of red alder and Douglas-fir and the
neutral sulfite digestion of red alder were conducted by a conventional,
single-stage pulping procedure. The neutral sulfite digestions of the
Douglas-fir, western hemlock, and western redcedar, however, were made
by a two-stage process. In this process, the chips, after a presteaming
at atmospheric pressure for 30 minutes, were impregnated for 1 hour at
120° C. with a concentrated solution of the pulping chemicals and then
heated to the pulping temperature after excess chemicals were withdrawn.
The digester was held at the pulping temperature until the sodium sulfite
concentration dropped to 10 to 15 grams per liter.

The softened chips from the smaller digesters and a test sample from the
largest digester were fiberized in an 8-inch, single-disk attrition mill.
The main portion of the chips from the largest digester was fiberized in

a commercial-size, 36-inch, double-disk refiner of 250-horsepower capacity.
Bleaching experiments were conducted in beakers for preliminary trials and
also in ceramic equipment of 5-pound capacity and a pilot bleachery of
150-pound capacity to provide pulp for testing and paper making.

The experimental papers and boards were made on a 12-inch Fourdrinier
paper machine. The paper machine was operated to give corrugating boards
with a weight of 26 pounds and liner boards with a weight of 47 pounds
per 1,000 square feet. Single-face corrugated boards were made on a 52-
inch corrugator.

The pulps and paper products were tested according to standards of the
Technical Association of the Pulp and Paper Industry. The strength proper-
ties of the pulps were determined on material that had been coarsely fiber-
ized in the small, single-disk refiner and processed in a test beater.

The Wood

The two shipments of red alder used for the sulfate and neutral sulfite
digestions (Nos. 2568 and 3040, table 1) were very similar in chemical
composition, and were typical of young, rapid-growth material available
to mills in the vicinity of Portland, Oreg.

The old-growth Douglas-fir (No. 2655, table 1) was representative of the
large quantities of logging and sawmill residues available near Oakridge,
Oreg. (7). Typical second-growth Douglas-fir (No. 2467, table 1) was
also obtained from the vicinity of Oakridge.

The western redcedar and western hemlock were typical of sawmill residues
available in the coastal region of British Columbia (Nos. 2132 and 2127,
table 1).
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Results and Discussion 

Semichemical Pulping Characteristics 

Neutral sulfite semichemical pulping.--The red alder and the second- and
old-growth Douglas-fir required similar concentrations of sodium sulfite
and similar cooking times for pulping, but differed in lignin content of
the pulps for a given yield (table 2 and fig. 1). Western hemlock re-
quired more sodium sulfite and a longer cooking time than the Douglas-
fir and red alder, while western redcedar took a much shorter time with
about the same amount of sulfite (tables 2 and 3). The hemlock pulp,
however, had a lower and the redcedar pulp a higher lignin content than
the Douglas-fir pulps. In further comparisons, red alder, a Pacific
Coast hardwood, required more chemical and gave a pulp with a higher
lignin content than did aspen, a Lake States hardwood used widely for
semichemical pulping. The Pacific Coast softwoods, however, required
less chemicals and much shorter cooking times than jack pine, an eastern
softwood, although they gave pulps with a higher lignin content (table 3).

These results illustrate that the suitability of a wood for semichemi-
cal pulping depends considerably on its content of lignin, resistant cel-
lulose, and hemicelluloses, and on the relative rates of removal of these
constituents. This suitability is considered here to be measured by the
chemical and time required for pulping and by the lignin content of the
pulp for a given yield. When pulped to a yield of nearly 75 percent, for
example, the western redcedar apparently used up a large part of the
chemical in a short time in removal of extractives and of readily attacked
hemicelluloses, and used only a small part for the less reactive lignin.
In comparison, Douglas-fir, with its lower lignin and extractive content,
apparently used more chemical in the removal of lignin, and thus required
a longer time for pulping. In semichemical pulping of jack pine, the
lignin-removal reaction is even more dominating than in pulping of
Douglas-fir, and therefore results in high chemical and time requirements.
Lignin removal is also the most important reaction in pulping of western
hemlock. The difference in the pulpability of red alder and aspen can
be largely explained by the higher lignin content of the red alder (24
percent as compared with ]8 percent for aspen).

The basic chemical requirements for neutral sulfite semichemical pulping
of the woods were relatively high (table 3).

Pulp yield decreased regularly with increases in the anount of chemical
and in time required for pulping to a given residual sodium sulfite content
in the spent liquor (table 2 and fig. 1).
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Sulfate semichemical pulping.--The red alder and old-growth Douglas-fir
showed behavior typical of most woods toward sulfate semichemical pulping
(table 4). There was an inverse relationship between pulp yield and
amount of active alkali consumed in pulping (table 4 and fig. 2). The
yields of red alder pulp, however, were roughly 10 percent higher than
those of Douglas-fir pulp. This agrees with the usual trend of differences
in yield between many hardwoods and softwoods of the temperate zone that
are caused chiefly by differences in chemical composition. The red alder
pulp made in a yield of 52 percent had a considerably lower lignin con-
tent (3.3 percent) than the Douglas-fir pulp made in a yield of 44.9 per-
cent (7.2 percent). Although analyses were not made, it is reasonable to
presume that the red alder semichemical pulps would also be lower in lig-
nin content than the Douglas-fir pulps when compared at the same yields
or the same chemical consumptions.

The sulfate semichemical pulps required appreciably less chemical (sodium
oxide) than the netural sulfite semichemical pulps made in the same yield
(table 3), mainly because of the stronger pulping action under alkaline
conditions than under neutral conditions.

Fiberizing Energy

The partially pulped and softened chips from the chemical-treatment stage
of the semichemical pulping varied in their ability to be fiberized accord-
ing to (a) species, (b) pulp yield, and (c) degree of processing or hydra-
tion when compared on the basis of pulp freeness and relative energy con-
sumption (table 5). Although accurate values for energy consumption
could not be obtained under the conditions of the fiberizing, the range
for the red alder pulps was believed to be from 10 to 17 horsepower-days
per ton of moisture-free pulp. The softened chips from the red alder
were much more readily fiberized than those from the softwoods. The red
alder pulps required only one-third to one-half as much fiberizing as
did the softwood pulps of equal yield and freeness. The softwood pulps
made in yields of 70 percent or more generally required 2 passes through
the 250-horsepower disk refiner to produce a well-fiberized pulp suitable
for corrugating or liner boards or for bleaching, compared with 1 pass
for the red alder pulp. Among the softwoods, there was a small spread in
energy consumption with an increase in the order of old-growth Douglas-
fir, second-growth Douglas-fir, western redcedar, and western hemlock.
Pulp strength also increased in this order.

Consumption of fiberizing energy also increased with an increase in yield
for a given freeness and with a decrease in freeness for a given yield
(table 5). As indicated before, a workable pulp could generally be made
from the softwoods in a single pass through the disk refiner only at
yields of pulp less than 70 percent. A large portion of the total fiber-
izing energy appeared to be consumed in processing or hydrating the pulp
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after the initial rough breakdown of the softened chips into a coarse
pulp, as illustrated by the energy consumptions for the two-pass fiber-
izings (table 5).

Semichemical-pulp Properties 

Neutral sulfite pulps.--The neutral sulfite pulps made from the red alder,
Douglas-fir, and western redcedar increased in strength, became more dense
in test sheets, and increased in purity (that is, had lower lignin and
higher cellulose content) with decrease in pulp yield (table 6 and fig. 3).
The pentosan content of the pulps remained roughly the same as that of
the woods; in other words, the pentosans were removed at the same average
rate at which wood substance was removed.

When compared at the same yield, the red alder pulps had a pentosan con-
tent about four times that of the softwood pulps. This is a character-
istic difference between pulps obtained from hardwoods and softwoods of
the temperate zone. The red alder pulps were slightly lower in lignin
and higher in holocellulose content than the Douglas-fir pulps, but were
lower in alpha-cellulose content because of their high content of pento-
sans. The hemlock pulp showed a tendency to be lower in lignin than the
other softwood pulps, whereas the redcedar pulp was high in lignin and
low in holocellulose and alpha-cellulose because of the high percentage
of readily soluble material in the redcedar wood.

The pulps made from the several Pacific Coast woods differed in strength
properties among themselves as well as from the Lake States aspen and
jack pine. Although comparisons at the same yield were not possible for
all species, red alder gave the weakest of the pulps made of the Pacific
Coast woods and western hemlock gave the strongest (table 3). The red
alder pulps were especially low in folding endurance. It was also ob-
served that the redcedar pulp had about the same strength properties as
the pulp from second-growth Douglas-fir, and both were stronger than the
pulp made from the old-growth Douglas-fir. The relative strength of
these semichemical pulps with respect to species was generally in the
same order as found for sulfite and sulfate chemical pulps from the
same woods.

In comparison with aspen neutral sulfite semichemical pulp, which is a
pulp considered to have high strength in its class, the red alder
neutral sulfite pulp was somewhat lower in bursting strength and much
lower in folding endurance but equal in tearing resistance (table 3).
The semichemical pulp from the old-growth Douglas-fir was also somewhat
lower in bursting strength and folding endurance but was much higher in
tearing resistance than the aspen pulp. The redcedar and the Douglas-
fir neutral sulfite pulps were lower in bursting strength and folding
endurance than the high-strength pulp from the eastern softwood, jack
pine, but they were equal to or better than jack pine in tearing resist-
ance. The western hemlock pulp, however, was indicated as being equal
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or possibly superior to the jack pine pulp in strength. Many eastern
softwoods are inferior to jack pine in pulp strength.

Thus, the Pacific Coast softwoods investigated yielded pulps covering a
range of qualities, as would be expected from any representative group of
woods. The red alder possibly fell slightly below the top range of
strength for semichemical pulps from eastern or southern hardwoods.

Sulfate Pulps 

Like the neutral sulfite pulps, the sulfate pulp test sheets also in-
creased in strength and density with decreasing yield in the range of the
experiments (table 7 and fig. 1). The highest yield pulps were lower by
roughly 6o percent in bursting strength, 35 percent in tearing resistance,
and 90 percent in folding endurance than the lowest yield pulps. With
recent developments in producing pulps in moderately high yields near
6o percent, less drop in strength with increase in pulp yield might occur
under the most favorable conditions of processing for strength develop-
ment.

The short-fibered red alder sulfate pulps were appreciably lower in
strength, especially in tearing resistance and folding endurance, than
the long-fibered Douglas-fir pulps.

A comparison of red alder semichemical pulps made in 75 percent yield by
the neutral sulfite and sulfate processes showed that the sulfate pulp
was considerably lower in bursting strength and tearing resistance but
somewhat higher in folding endurance than the neutral sulfite pulp
(table 3). At lower yields, the differences were not so great (tables
6 and 7). The sulfate pulp from the old-growth Douglas-fir was also
generally weaker than the neutral sulfite pulp made in 75 percent yield
from the same wood, though it had a higher tearing resistance. At lower
yields, the sulfate pulp had higher tearing resistance and folding
endurance but lower bursting strength than the neutral sulfite pulp
(tables 6 and 7). These differences between the sulfate and neutral
sulfite semichemical pulps might be expected from the greater softness
and flexibility of the sulfate pulps.

Bleached Neutral Sulfite Semichemical Pulps 

Red alder pulps.--The red alder semichemical pulp for bleaching was made
in a moderately low semichemical yield of 65 percent to obtain a lignin
content near 10 percent. Ten percent is known by experience to be satis-
factory for successful bleaching of this type of pulp, but it is not
necessarily the maximum allowable. The red alder pulp was bleached satis-
factorily by a conventional three-stage process consisting of chlorination,
extraction with caustic soda, and bleaching with calcium hypochlorite.
The total chlorine consumption was 12.4 percent, based on the weight of
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the unbleached pulp, and gave a pulp brightness of 83 percent (table 8).
The ratio of chlorine to lignin was about 1.2 to 1, or in the low end of
the range for bleaching hardwood semichemical pulps. The yield of 53
percent was low for bleached hardwood semichemical pulp because of the
relatively low yield of unbleached pulp. A higher bleached pulp yield
of 55 percent would be expected from an unbleached yield of 67 percent;
the chlorine consumption would then be roughly 14 percent for a bright-
ness of over 8o percent.

As with many eastern hardwoods, the bleached pulp from red alder was high-
er in bursting strength, much higher in folding endurance, and somewhat
more dense than the unbleached pulp (table 9). The bleached pulp fell in
the strength range of bleached softwood sulfite pulps, except possibly
for a low folding endurance.

Douglas-fir pulps.--Single-stage bleaching of Douglas-fir semichemical
pulps with calcium hypochlorite equivalent to 10 percent of available
chlorine based on the weight of the pulp, a commercially economical amount,
increased the brightness of the pulps by 12 to 17 points, but the result-
ant brightness values were near 40 percent and were too low for semi-
bleached pulps (table 8). The use of 15 and 20 percent of available
chlorine as the hypochlorite gave very high increases in brightness,
about 30 and 4o points, respectively, and the pulps approached the range
of brightness for semibleached pulps (table 8). The large amounts of
bleach, however, might prove uneconomical. The single-stage bleaching
was slightly more effective with the unbleached pulp made in the lower
yield than with that made in higher yield (table 8). The effect of
single-stage bleaching on pulp strength was not determined.

The multistage bleaching of the Douglas-fir neutral sulfite pulps by a
conventional 3-stage bleaching procedure produced pulps with brightness
values of 82 to 84 percent (table 8). The chlorine consumption was
directly dependent on the lignin content of the pulps, and the ratio of
chlorine to lignin was about 1.5 to 1, or slightly higher than that
found for the red alder pulp. The yields of bleached pulp were again
directly dependent on the yields of unbleached pulp. Because of the
low yields of 50 to 61 percent for the unbleached pulps, the yields of
bleached pulps were likewise low at 42 and 50 percent, though the bleach-
ing loss was in the normal range of 15 to 20 percent for semichemical
pulp bleaching. The unbleached pulp made in a yield as low as 50 percent
cannot, of course, be considered a truly semichemical pulp. Also, the
yield of bleached pulp of 42 percent was slightly less than might be
expected from a bleached sulfate pulp from the same wood, and the con-
sumption of 14 percent of chlorine was high. The chlorine consumption for
the unbleached pulp made in a yield of 61 percent was still higher, being
19 percent based on the weight of the unbleached pulp (table 8), and
possibly was in a normally uneconomical range.

Rept. No. 1912	 -8-



The bleaching of the lower-yield Douglas-fir pulp caused a small decrease
in pulp strength (table 9) similar to that experienced in bleaching chemi-
cal pulps. The losses were of the order of 5 percent. These losses
could perhaps be eliminated by a bleaching process especially adapted to
this pulp. The bleached pulp from the higher-yield semichemical-type pulp,
however, was characteristically higher in strength than the unbleached
pulp (table 9), and was also higher in bursting strength and tearing re-
sistance but lower in folding endurance than its lower-yield counterpart.
The bleached, neutral sulfite semichemical pulps from Douglas-fir had
high tearing resistance and moderately high bursting strength.

Properties of Boards and Papers 

Corrugating boards.--Corrugating boards of outstanding strength and re-
sistance to flat crush (after corrugation) were made from red alder,
western redcedar, and western hemlock neutral sulfite semichemical pulps
(table 10). The boards from Douglas-fir neutral sulfite pulps were also
high in strength but appreciably lower in flat-crush resistance than the
others, though the board from the second-growth Douglas-fir would be con-
sidered quite acceptable. The high strength and flat-crush-resistance
values were partly due, in some boards, to somewhat excessive processing
of the pulp during the fiberizing operation, which possibly resulted in
lower freenesses at the paper machine than are desirable (Machine runs
nos. 3022 and 3024, table 10).

Corrugating boards were made from mixtures of Douglas-fir and red alder
pulps. These boards were made in another study and the data are not
included in the tables. The Douglas-fir chips, prepared from second-
growth pole stock grown near Cascadia, Oreg., pulped similarly and had
test-sheet properties similar to the other second-growth Douglas-fir
shown in the tables, except for a moderately greater tearing resistance.
The red alder wood, which was cut in Washington, was cooked and fiberized
in a mill-scale trial. The pulp had somewhat greater tearing resistance
and folding endurance than the previous alder pulps. The corrugating
boards obtained from these pulps were noticeably weaker than the previous
boards made from the corresponding species, although the flat crush re-
sistance was only slightly less. Increasing proportions of Douglas-fir
in the mixture increased the tearing resistance, but otherwise there were
no consistent trends in strength.

The two corrugating boards made from the sulfate semichemical pulp from
the old-growth Douglas-fir showed an increase in strength with decrease in
yield. The lower-yield product had excellent strength properties but low
flat-crush resistance as determined under the conditions of these experi-
ments.
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Liner boards.--Of the liner boards made from the different species and by
different processes, only a few appeared to qualify as a test liner. That
is, only a few passed the 100-pound Mullen test on a commercial-weight
sheet of 42 pounds per 1,000 square feet. These were the red alder, low-
est-yield old-growth Douglas-fir, western redcedar, and western hemlock
neutral sulfite boards (Machine runs nos. 3516, 3013, 3029, and 3025,
table 10). The strength of the Douglas-fir and hemlock boards was un-
doubtedly aided by processing imposed during the fiberizing, which re-
sulted in rather low freenesses at the paper machine. The Douglas-fir
boards made from the intermediate-yield pulps approached the test-liner
specification (Machine runs nos. 2968 and 3014). The high chemical and
time requirements for producing the pulps from the Douglas-fir in rela-
tively low semichemical yields might possibly be uneconomical.

The boards made from the Douglas-fir and hemlock pulps were exceptionally
high in tearing resistance. The red alder and redcedar boards, on the
other hand, were fairly low in this respect, as were the pulps from these
woods. The boards made from red alder pulp and from the high-yield
neutral sulfite pulps of Douglas-fir and hemlock were, like the pulps,
low in folding endurance. Folding endurance and bursting strength of
these boards increased with decreasing yield, also as with the pulps.

The sulfate semichemical boards made from the old-growth Douglas-fir had
somewhat low bursting strength but were high in tearing resistance and
fairly high in folding endurance. When compared with neutral sulfite
boards from pulps of the same yield, the sulfate semichemical boards were
lower in bursting strength and equal in tearing resistance and folding
endurance.

The most promising semichemical pulps from the Pacific Coast woods for use
in liner boards and other paperboards appear to be those made from (a) a
mixture of red alder and Douglas-fir neutral sulfite pulps made in a
yield of about 70 percent from either the mixed woods or pulps, and (b)
a mixture of the Douglas-fir sulfate semichemical pulp made in a yield
of about 6o percent with a softwood sulfate pulp of high bursting
strength and, possibly, low tearing resistance.

Paper from Bleached Pulps

Bleached semichemical pulp from red alder was made into a clean, 30-pound
greaseproof paper with excellent formation. This paper had strength
properties equaling or exceeding those of commercial softwood sulfite
papers of this type. The red alder sheet also showed quite satisfactory
greaseproof qualities when tested for resistance to turpentine transu-
dation and for formation of a blister when heated with an open flame.
The excellent quality of greaseproof paper from bleached semichemical
pulp from aspen has already been reported (5).
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It is probable that, because of its nature and properties, the red alder
bleached semichemical pulp could find successful use in bond and book
papers, much as pulps of eastern hardwoods are used.

Bleached semichemical pulp made from Douglas-fir was used in lithograph-
type papers made at the National Bureau of Standards (8). It was reported
that strong papers characterized by high tearing resistance were produced,
although their expansivity was up to the allowable maximum. Semichemical
papers, in general, were not entirely satisfactory because of tendencies
toward hardness, high expansivity, and curl. It is possible, however,
that the softwood bleached semichemical pulps, though probably not too
attractive from an economic standpoint, would find valuable use in
bleached grades requiring high strength, particularly high tearing re-
sistance.
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Table l.--Chemical composition and density of Pacific Coast woods used for
semichemical pulping

Species	 :Shipment:	 Chemical composition of woods	 :Density1-
: number : 	 	 	 :

:Lignin : Holo- : Alpha : Total : Solubility in :

	

cellu-: cellu-: pento : 	 :
: lose : lose : sans :1 percent: Hot 	 :
:	 :	 : sodium : water :

:	 :hydroxide:	 •.

:	 :Percent:Percent:Percent:Percent: Percent :Percent:Lb. per 
:	 :	 .	 :	 .	 :cu. ft.
.	 •	 •	 •	 •• 2

	

Red alder...: -2568 : 24.2 : 69.6 : 43.7 : 18.8 :	 14.3 :	 2.7 : 25.2

Do 	  ...: 25040 : 24.1 ; 70.5 : 44.0 ; 19.2 : 	 17.3 :	 2.8 : 24.5

Douglas-fir,:	 :	 :	 :	 :
second-	 :	 •	 :	 :	 • .
growth 	 • 2467 • 28.0 - 69.9 : 52.6 •	 4.9 •	 9.7 •	 2.4 :▪ 	

Douglas-fir,:	 •.	 •. :	 • • '. :

old-growth.: 2655 : 27.2 : 67.0 : 50.4 :	 6.8 :	 15.1 :	 5.6 : 27.4
:	 :	 •

Western	 •• 4	 :	 :	 :	 :	 :
hemlock 	 • -2127 • 31.2 •	 .	 •	 8.1 :	 11.7 :	 4.2 : 25.4

:	 •

Western	 • 4	 •.	 :	 :	 :	 •.

redcedar...: -2132 : 31.8 •	 •	 •	 9.0 :	 21.0 : 11.0 : 19.1
:	 :	 :	 •	 .

-Ra sed on weight when moisture free and volume when green.
2
-Used for sulfate semichemical pulping.

Used for neutral sulfite semichemical pulping.

Material from same region as that used for experiments.
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Table 2.--Conditions for semichemical pulping of several Pacific Coast
woods by neutral sulfite process 

Species	 :Digestion: Concentration : Chemicals used :Pulp-: Time : Pulp

: number :	 of	 : for pulping	 : ing : at	 :yield
:	 : pulping liquor:	 : tem-:pulping:
	 : 	 :pera-: tem- :

:	 :Sodium : Sodium:Sodium: Sodium :ture : pera- :
:	 :sulfite: bicar-: sul- : bicar- : 	 : ture :
:	 : bonate: fite : bonate : 	 :	 :

• :Gm. per:Gm. per: Per- : Per-	 : °C. : Hr.	 Per-
: 	 liter : liter : centl : centl :	 : cent

SINGLE-STAGE PROCEDURE?

Red alder 	 • 998-999 : 24.4 : 15.4 : 9.2 : 	 5.8	 : 160 : 0.1 : 87.5
Do 	  994-996: 37.0 : 15.3 : 13.8 :	 5.7	 : 170 : 1.2 : 76.8
Do 	 •1000-1004: 53.4 : 17.1 : 20.1 :	 6.4	 : 170 : 4.5 : 69.8
Do 	  995-1005: 73.3 : 31.7 : 27.5 : 11.6 	 : 175 : 5.0 : 63.8

IMPREGNATION PROCEDURE3-

Douglas-fir,	 :	 .	 •• •• :	 :

second-growth.:5303-5314: 81.7 : 20.6 : 12.8:	 3.6	 : 170 :	 .8 : 83.8
Do 	 •5307-5308: 130.8: 34.4 : 18.4 :	 4.7	 : 170 : 2.4 : 80.3
Do 	 5312-5316: 132.6 : 32.6 : 22.6 :	 4.4	 : 170 : 6.4 : 67.1
Do 	 •5305-5311: 141.9: 35.4 : 27.6 : 	 7.2	 : 170 : 8.4 : 58.9
Do 	 •5306-5313: 141.2: 35.2 : 36.6 :	 9.2	 : 170 : 15.0 : 48.6

:	 •.	 .	
•	 •
• •	 .

Douglas-fir, 	 :	 •. ,	 .	 •

old-growth 	 •5397-5398: 110.8 : 30.0 : 17.4 :	 4.9	 : 170 : 1.8 : 76.6
Do 	 •5399-5400: 129.5 : 34.0 : 21.6 : 	 5.0	 : 175 : 4.2 : 67.2
Do 	 •5401-5402: 130.3 : 34.3 : 28.2 : 	 6.7	 : 175 : 6.9 : 57.4

:	 :	 :	 :	 :
Western	 :	 .	 :	 .	 .	 :	 :	 :
redcedar 	 •	 5418 : 90.7 : 22.4 : 19.8 :	 5.3	 : 170 : 1.5 : 72.7
Do 	 	 5420 : 123.0 : 31.8 : 25.6.	 6.4	 : 175 : 2.2 : 65

Western 	 •	 •. :	 .	 .	 .	 •

hemlock 	 •	 5417 : 100.8 : 27.2 : 15.3 :	 5.1	 : 170 : 1.5 : 84.7

1-Tased on weight of moisture-free wood.
2
-Presteaming for 30 minutes and heating to pulping temperature in 2 hours.
2Presteaming for 30 minutes; impregnating with pulping liquor at 120° C. for

1 hour; removing excess liquor; heating to pulping temperature in 20 to
30 minutes.
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Table 4.--Conditional for sulfate semichemical  pulping of red alder and
Douglas-fir

Species :Digestion:
: number :

: Total
: chemical

(sodium :
:hydroxide :
:and sodium:
: sulfite):

:Chemical:Time at: Pulp
	 :consumed:170° C.: yield

:(sodium :
: oxide) :

•

Concen- : Amount :
tration •

•

Chemicals charged

Active alkali
(sodium oxide)

- ••• ••• : 	 	--: ........
:	 : PPercent?: Gm. per.
:	 : liter

:--------:--------:----
:Percent-:Percentg.: Hr.	 : Percent 

•

	•	 1914 :	 10.0	 : 19.5	 :	 7.8 :	 7.6 : 0
1911 :	 12.5	 : 24.4	 :	 9.8 :	 9.6	 1.5
1908 :	 15.0	 : 29.3	 : 11.7 : 11.2	 1.5
1906-7:	 17.5	 : 39.1	 : 13.7 : 12.7 : 1.5

2986	 8.75 : 17.1 	:	 6.8 :	 6.6 : 0
2980	 12.50 : 24.4	 :	 9.8 :	 9.0 : .5
2978 :	 15.00 : 29.3	 : 11.7 : 10.8 : 1.5
1936-7:	 20.00 : 39.1	 : 15.6 : 13.4 : 1.5

-Constant digestion conditions as follows: maximum temperature, 170° C.;
temperature-increase period, 1.5 hours; sulfidity (based on active alkali),

30 percent; liquor-wood ratio, 4.0.

-Based on weight of moisture-free wood.

Red alder
Do 	
Do 	
Do 	

Douglas-fir, :
old-growth..:
Do	 •
Do	 •
Do 	

76.4
68.3

:	 58.3
52.0

73.5
:	 63.9
:	 56.4

44.9
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Table 5.--Conditions for fiberizing semichemically softened chips from
several Pacific Coast woods in a 250 -horsepower disk refiner

Species :Fiberizing:Number of:Consistency:Freeness: Relative 	 : Pulp
: number	 : passes : of pulp :of pulp : energy	 : yield

: through :	 .	 : requirement1-:
refiner :	 •.

: Percent : Cc.	 : Percent	 :Percent

NEUTRAL SULFITE SEMICHEMICAL PULPS

Red alder 	 :	 876	 •.	 1	 8.5 • 550	 170	 : 79.6
Do 	 •	 879	 •	 1	 7.8	 •. 610	 • 70.6
Do 	  884-95 :	 1	 :	 9.6	 •. 540	 100	 : 64.7

. :	 •. .

Douglas-fir,	 •. 612	 :	 1	 :	 10.0	 •. 740	 	 • 83.8
second-growth..:	 744	 :	 2	 :	 10.0	 56o

.	 .
Do 	 :	 613	 :	 1	 13.0	 : 740	 • 80.3

692	 ..	 2	 6.o	 650

Do 	 •	 614	 :	 1	 10.5	 610	 •	  	 • 67.1

Douglas-fir,	 :	 •. :	 :	 :
old-growth 	 •	 721	 •	 2	 3.7	 600	 •	  76.6

Do 	 :	 722	 :	 1	 7.2	 : 650	 :	 220	 : 67.2
724	 :	 2	 4.4	 : 55o	 :	 130	 :

Do 	 	 723	 :	 1	 3.5	 38o	 :	 280	 : 57.4

Western	 :	 :	 :	 : •

redcedar 	 •	 740	 :	 1	 4.7	 : 650	 :	 590	 : 72.7
Do 	 	 741	 :	 1	 3.0	 : 520	 :	 290 	: 65

Western hemlock :	 737	 :	 1	 4.8	 : 680	 :	 360	 : 84.5
Do 	 	 738	 :	 2	 3.1	 : 420	 :	 440	 :

SULFATE SEMICHEMICAL PULPS
Douglas-fir,	 :	 :	 :
old-growth 	 	 766	 :	 1	 :	 4.2	 : 660	 . 	• 73.5
Do 	 	 760	 :	 1	 :	 4.6	 : 58o	 :	 340	 : 63.9
Do 	 	 757	 :	 1	 :	 8.5	 : 690	 :	 220	 : 56.4

-Based on energy requirement for lowest-yield red alder pulp (No. 884-95)
as 100 percent.
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:Bursting:
:strength:

:Percent:Pts. per:

' lb.1-

Tearing
resistance

Gm. per 

lb.1-

Table 7.--Strength properties of sulfate semichemical pulps from red alder
and Douglas-fir

Species : Digestion : Pulp : Strength properties at 450 cubic centi-
: number : yield : meters freeness (Canadian Standard)   

•• •

1914	 : 76.4 :	 0.36 : 0.65
1911	 • 68 3 •	 45 :	 .84
1908	 : 58.3 :	 .71 : 1.03

	

1906-1907 : 52.0 :	 .82 : 1.04

2986	 : 73.5 :	 .52 : 1.81
298o	 : 63.9 :	 .77 : 2.10
2978	 : 56.4 :	 1.00 : 2.82

1936-1937 : 44.9 : 1.24 : 2.48

: Folding : Test-sheet
:endurance: density

:Number of: Gm. per 
: double : cc.
: folds

•

:	 10	 : 0.58
:	 27	 :	 .63
:	 140	 :	 .74
:	 155	 :	 .74

	

6o	 :	 .51

	

445	 :	 .56

	

700	 :	 .62

	

1,325	 :	 .52

Red alder 	
Do 	
Do 	
Do 	

Douglas-fir,
old-growth 	
Do 	
Do 	
Do 	

-Ream of 500 sheets, each 25 by 40 inches.
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Table 9.--Strength properties of bleached semichemical pulps from
red alder and Douglas-fir

: Pulp :Species	 • Pulp	 Strength properties at 	 :Density
: type	 : yield: 450 cubic centimeters freeness :

• .	 (Canadian Standard)	 :

: Bursting: Tearing	 : Folding	 :
: strength:resistance : resistance :

:Pts• per : Gm. per	 : Number of : Gm. per

	

lb.1	 :	 lb.1	 :double folds:	 cc.
:	 .	 :	 n4.nn• n..n

Red alder 	 •Unbleached: 64.7 : 0.73	 •	 1.15	 •.	 40	 •. 0.69

2	 • 2	 2 	 2Do 	 •Bleached : 53.2 : –.94	 •. –1.24	 :	 –106	 •• -.79

•Douglas-fir,	 •

	

second-growth..:Unbleached: 50.3 : 1.17	 :	 2.75	 : 1,600	 :	 .64

Do 	 •Bleached : 42.0 : 1.08	 :	 2.55	 : 1,700	 1	 .67

Do 	 •Unbleached: 61.1 :	 .92	 :	 2.85	 380	 :	 .52

Do 	 •Bleached : 50.5 : 	 .99	 :	 2.80	 500	 :	 .65

-Ream of 500 sheets, each 25 by 40 inches.

2380 cc. freeness.

Rept. No. 1912
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