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Introduction

It is well known that scarcity of pulpwood has recently been remarkable in
Japan. The increasing demand of the wood is obliged to use a huge quantity
of waste lumber and small-size wood for the production of pulp. In view of
the situation, a big bamboo grass (Sasa senanensis) wildly grown abundantly in
mountain recesses of Hokkaido, Japan, is considered a potential raw material
for the pulp and paper industry. It is informed that total area of forest
covered with Sasa senanensis amounts to about 700,000 ha, comprising some 60
tons per ha on an average in Hokkaido, according to Forestry Agency of
Japan®. It is also shown that the bamboo is taken away now for afforestation
at a vast cost. However, it grows and matures annually with a sufficient growth
by choice of cold places.

Concerning the fundamental studies on Sasa, Fukuvyama has presented the
data pertaining to its value as a forest resoures'®*#4  Many studies'®-"))~%):
%),49),4),4)~4045) n chemical or physical properties of Sasa have been previously
reported. The papers have shown that the composition of Sasa is similar to
that of hardwood in the main components and that Sasa has a high specific
gravity and a similar fiber length to hardwood. In regard to the Sasa pulps,
several studieg®®19~1).2).21:.2).4) have heen also reported on alkaline, neutral
sulfite semichemical and kraft processes and their properties. The results of
these studies have revealed that Sasa may be easily cooked under some mild
conditions, but the pulps are obtained in lower yield and give weaker strength
than those of wood.

In a recent tendency of pulping, it may be said that many species of
hardwood have been used on a large scale for the pulp production?:*:2)~%).2).30,
.39~39.40,5) - and that a kraft process has been expanding very rapidly along
with NSSC process, because of the following advantages”®* ; (1) any species
of wood and woody plant can be used, (2) cooking time is short, (3) high pulp
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strength is obtained, (4) the recovery of spent liquor is relatively easy, (5)
therefore, there are little pollution problems.

However, disadvantages of the pulping are shown in poor colour of the
pulp and lower yield, especially in case of Sasa pulp, compared with conventional
semichemical pulping.

In this point of view, semikraft (or kraft semichemical), pulping has been
developed as improving method using several kinds of hardwood by some
workers®~3-%_ The purpose of the present study is to apply the semikraft
method to Sasa senanensis on a laboratory scale and investigate the yield or
chemical and physical properties of the pulps. The authors have already
informed a few reports on this study*”:*®-*,

Instead of conventional kraft cocking of 18 to 23% active alkali'¥-2-#»3%)
a maximum charge of 15% was chosen in the investigation together with 10
and 5% alkali, employing cooking temperatures of 150, 160, 170, and 180°C at
each concentration level. The other cooking factors were set down to general
kraft procedure so that the effect of change of alkali charge and the temperature
on yield and the properties of the pulps could be evaluated.

For comparison purposes, water cookings of the Sasa were carried out
at each temperature, while white birch (Betula platyphylla var. japonica) and
Japanese larch (Larixz leptolepis) pulps were prepared under the same conditions
and furnished for the same tests.

1. Samples

1. Locality and Form

The culms of Sasa senanensis used for the study were obtained from Teshio
Experimental Forests of Hokkaido University, in August, 1964. Cutting area was
6.75m? in which abcut 60 kg of the culm weight were produced (corresponding
to 88.7 tons per ha). The size appeared medium for Sasa senanensis, since an
average height was 3.3 m and diameter at butt end was 2.0 cm.

A white birchwood (Betula platyphylla var. japonica) used was together
obtained at the same place. It was 36 years in age, 16.0 m in height and 23.0 cm
in breast height diameter.

A Japanese larchwood (Larix leptolepis) used was obtained from Experi-
mental Forest Tree Nursery in the Campus of the University, in August, 1964.
It was 17 years in age, 11.1 m in height and 14.0 cm in breast height diameter.

2. Preparation of Chips and Chemical Composition

The culms of Sasa and these two kinds of wood barked were cut in a
laboratory chipper and the chips were screened to the fine and oversize pieces.
Samples of the screened chips were dried for a week so that the moisture
content was reduced to about 10%, and packed in polyethylene bags.

The proximate chemical composition of 60 to 100 mesh fraction of the
samples determired by standard procedures” is shown in Table 1.
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Table 1. Chemical composition of samples (%)

Extractives with Holocel. Céozs & Towal | Methyl : —
Ash Cold Hot 1% | Alcohol| [4l0se 5 eﬁ 0| pen- pen- | Lignin
water | water | NaOH |benzene tosan | tosan
i lulose
Sasa 197 4.0 9.8 279 4.3 62.6 50.1 27.1 1.2 19.1

Birch 0.14 15 34 18.3 2.5 79.2 58.7 29.1 16 18.4
Larch 0.44 32 59 12.2 27 67.8 485 154 58 28.6

A comparison of the values obtained from the composition of these samples
indicates that Sasa is rich in ash and extractives, and considerably similar in
pentosan and lignin contents to the birchwood, or a hardwood. It may be stated
that the chemical properties of the Sasa are common to those of general bamboo
grasses or whole Gramineae.

II. Experiments

1. Cooking

Air-dried chips corresponding to 500 g of oven-dried were cooked in a 4-/
laboratory stainless digester. Semikraft cooking liquors were made according to
each condition by diluting a concentrated liquor prepared in advance, consisting
of 50 g per liter of active alkali concentration as sodium oxide and 25% of
constant sulfidity. The liquor to chip ratio was maintained at 3.0 for the Sasa
and at 3.5 for the two kinds of wood. The cooking conditions chosen by the
differences of active alkali charges to the chips and of cooking temperatures are
shown in Table 2. Every cooking time to and at the temperature was always
for 1 and 1.5 hr, respectively. No spent liquors were included in any digester
charge.

The cooked chips were sufficiently washed on running water and dewatered
in a centrifuge. The cooking yield was calculated by weighing the pulp and
determining its moisture.

From a portion of the waste liquor, a final pH of cooking was measured

Table 2. Cooking conditions

.. Active alkali

Cooking \\%) 15 10 5 ] 0

temperature (°C)
150 S, Band L S S S
160 S, Band L S, Band L S, Band L S
170 S S, Band L S S
180 S S S, Band L S

Note; S, Sasa B, birch L, larch.
Sulfidity, 25%, Liquor to chip ratio, Sasa: 3.0, birch: 3.5, larch: 35.
Cooking time to the temperature, 1.0 hr.
Cooking time at the temperature, 1.5 hr.
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by a glass electrode pH-meter.
2. Defibration and Screening

The cooked chips were defibrated in a laboratory Sprout-Waldron 12-inch
disc refiner equipped with 12527 A of plate pattern, in about 10% of chip
consistency on moisture free base. Clearance between the plates was held at
0.1 mm in case of a defibration of the Sasa cooked-chips. The birch and larch
cocke-dchips were defibrated by progressive multi-stage treatments with following
clearance ; the former was carried out with 0.4 and 0.1 mm, and the latter
with 2.0, 0.6, 0.1 and 0.1 mm, succesively.

After defibration, the pulps obtained were also washed and dewatered in
the centrifuge. The defibrating yield was similarly determined by above-men-
tioned, and the pulps were screened through 8-cut plate of a flat screen, and if
there was any significant amount of rejects, they were again defibrated and then
combined.

3. Chemical Analysis of Pulps”

The screened pulps were furnished for chemical analysis of main components
after preparing their sheets and cutting them into small pieces.

Holocellulose ; Oven-dried pulps of 2.5 g were treated with sodium chlorite
and acetic acid by modified Wise’s method. Its treatment was repeated twice for
the Sasa pulps, three times for the birch ones and four times for the larch ones.

Alpha-cellulose ; Oven-dried holocellulose of 0.5 g obtained above were used
for the purpose. Alpha-cellulose was determined according to the standard
procedure.

Pentosan and methyl pentosan; Oven-dried pulps of 1 g were used. The
determination of pentosan and methyl pentosan contents was based on phlorog-
lucine method.

Lignin ; Oven-dried pulps of 0.5 g were used for the determination of lignin
content according to the standard procedure.

4. Beating and Sheet Formation

The pulps screened were beaten and their freeness was gradually reduced
in a 10-! Rabus type beater, manually closing a clearance between roll and bed
plate. A consistency of the pulps was 3 to 5% on moisture free base. At an
interval of 5 or 10 min, a portion of the pulps was taken out and the freeness
was measured with a Canadian Standard freeness tester till about 200 ml, and
at the same time four or five sheets of each freeness-stage were made on a
TAPPI type sheet machine for the measurement of physical properties of the
pulps.

5. Tests for Physical Properties of Handsheets

Measuring thickness and weight of the sheets, specimens were prepared for
the test of brightness, tensile, bursting and tearing strengths, as shown in Fig. 1,
according to modified TAPPI Standard®.

Since the brightness and these strengths vary with the freeness, the values
were based on the pulps at 400 mé and 200 mé of the freeness for the expression
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Fig. 1. Preparation of specimens.

of the properties.
Testing instruments and calculation formulas employed are as follows :

Thickness (1/100 mm) ------ Dial micrometer thickness gauge
Basis weight (g/m?) --------- Chemical balance

Brightness (%) »+v-eoeveenee Hunter reflectometer

Tensile strength (kg) ------ Schopper tensile tester

Tensile strength « 1000

Breaking length (km) = 15  Basis weight

Bursting strength (kg/cm?) ------ Mullen burst tester

Bursting strength % 100

Burst factor = : -
Basis weight

Tearing strength (g) ------ Elmendorf tear tester

Tearing strength of 16 sheets

Tear factor = . -
Basis weight

% 100

All the tests were carried out under 65% of controlled relative humidity
and 20°C of temperature.

6. Measurements of Fiber Length and Microscopic
Photographing of Pulp Fibers '

The Sasa, birch and larch pulps obtained under the cooking condition of
15% active alkali at 160°C were furnished for the measurements of fiber length.
About 500 fibers were measured for each pulp with a Nikon projector and
estimated in the length and the length to width ratio. The projector of 50 and
20 magnifications was used for the observation of fiber.

Microscopic photograph was taken for the above-mentioned pulps of each
freeness stage from unbeating to about 200 m¢, employing a Nikon SBR-Ke
microscope. ’
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I11.

Results and Discussion

1. Final pH of Liquors and Chemical Properties of Pulps
The data of final pH of the liquors, cooking and defibrating yields, the
contents of main chemical components in the Sasa, birch and larch pulps and
these contents based on the originals are shown in Table 3, together fwith each

293

Table 3. Cooking conditions, final pH, pulp yield and
chemical components (%)
Pulp i::il:,lengsslci nd’i‘t:r)ris Final‘ Yielg chl)llloocsil gellulose; pe;fl(t)ct)iim plzeﬁt)hs};ln Lignin B
No. Talkali | fidity | 72| PH (Cook-| g2 o | 5 | A | B l AlB|lA B|A|B
(%) | (%) | (C) & | ting \ |

S1 15 25 150 125 49.3 47.1 934 440 760 359 306 144 19 09 28 13
2 » ” 160 122 472 469 959 449 772 36.2 306 143 17 08 35 16
3 ” ” 170 113 46.7 450 939 423 778 350 279 126 17 08 238 17
4 ” B 180 11.1 432 417 946 394 767 320 290 121 16 07 40 17
5 10 25 150 102 60.0 580 859 498 70.2 407 288 168 14 08 114 66
6 ” ” 160, 104 580 57.0 88.2 502 71.3 406 304 173 18 10 108 6.2
7 ” ” 170 100 576 554 873 484 714 396 261 144 17 09 124 68
8 ” ” 180 105 566 537 8.4 464 703 37.8 262 141 17 09 113 6.1
9 5 25 150 6.8 €82 654 778 509 620 405 259 169 16 1.0 188 129
10 ” »” 160 68 660 632 762 482 630 398 262 165 15 09 212 134
11 » ”» 170 70 652 642 77.1 481 618 386 269 168 19 12 207 129
12 » ” 180 66 636 620 77.2 479 613 380 240 148 13 08 215 133
13 0 0 150 39 766 711 702 499 55.9 39.7 243 172 17 11 290 206
14 ” » 160 3.9 753 711 668 475 564 40.1 184 130 16 1.1 318 216
15 » » 170 31 591 576 627 36.1 5856 337 33 19 15 09 366 211
16 ” ” 180 29 485 465 628 292 574 267 35 16 16 07 369 198

B1 15 25 150 126 565 558 974 544 863 482 272 152 14 08 21 1.2
2 » » 160 123 54.1 528 982 519 854 451 270 142 18 09 08 04
3 10 ” 160 101 722 69.6 829 577 696 484 241 168 15 11 169 117
4 » » 170 98 720 693 827 573 686 475 247 17.1 16 11 159 11.0
5 5 » 160 51 817 779 776 604 616 480 223 180 16 1.2 205 160
6 » »”» 180 44 723 660 781 515 700 462 124 82 28 19 198 131

L1 15 25 150 13.1 587 574 795 455 658 378 105 60 15 09 192 11.0
2 ” » 160 127 484 451 920 416 770 347 108 49 19 09 81 36
3 10 ” 160 11.1 670 614 743 456 606 372 106 65 26 16 232 143
4 ” ” 170 108 659 60.7 763 463 629 382 99 60 24 15 223 135
5 5 ” 160 70 824 772 635 49.1 526 406 9.0 69 22 17 331 256
6 ” ” 180 58 803 76.1 637 485 492 374 62 47 30 23 344 261
Note; A: Content in the pulps.

B: Content based on the original.
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cooking condition.

a. Final pH

Within these ranges of the Sasa semikraft cooking condition, the maximum
and minimum final pH of the cooking were obtained from S1 and S 12, respec-
tively. Involving water cooking, the pH of S 16 was the lowest. The relation
between the final pH and the cooking conditions is shown in Fig. 2. It is
naturally shown that the final pH was greatly affected by the active alkali added,
and that at the same alkali levels the pH was a little lowered by elevation of
cooking temperature. With 5% alkali and water cooking, the liquors showed
near neutrality and acidity, respectively.

The maximum final pH in the birch and larch cooking was obtained from
B1 and L1, while the minimum from B6 and L6, respectively. At the same
cooking conditions, the pH value in the larch cooking was somewhat higher
than that in the Sasa and birch cooking. It is considered that the alkali con-
sumption in the larch cooking was low due to less hemicellulose content in the
larchwood.

Final pH

1 1

1
5 10 15 %
Active alkali

Fig. 2. Final pH of Sasa cooking and cooking conditions.

b. Yields

The maximum cooking yield of the Sasa was 68.2% of S9 prepared under
the mildest condition, while the minimum was 43.2% of S4 done under the
mest severe one. The relation between the Sasa cooking yields and the con-
ditions is shown in Fig. 3. It clearly shows that the yield was influenced by
the alkali, but not so greatly by the temperature. In 5% active alkali level, for
example, a difference in the yield between the temperatures of 150 and 180°C
was at most 5 to 6%, while in 150°C level the difference between the alkalis of
5% and 15% amounted to about 19%. In the water cooking, however, the
yield was so much affected by the temperature that the yield obtained at lower
temperature was as high as 76.6%, but at higher one was remarkably lowered
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to 48.5%. It is explained in the water cooking that carbohydrates were markedly
dissolved by higher temperature into the liquor, owing to change toward a
strong acidity of the liquor. The relation between the yields and final pH is
shown in Fig. 4. It reveals the higher yield was obtained when the final pH
was nearly neutral.

A defibrating yield was generally in proportion as some 2 to 3% lower than
cooking yield. The difference between the cooking and defibrating yields in case

a7

8ol

Cooking yield

O——0 150°C

o——0 160°C x
% X 170°C
L=\ 180°C
40+
T ; | !
0 3 10 15 %

Active alkali

Fig. 3. Sasa cooking yield and cooking condition»

%

—®.
..... .
“ 9o

= o
2 \\Q
"o
£
S 60-
@] \ °
N
501 O——( Sasa oe’
@—-—@ Larch o
L
1 1 !
0 3 10 14

Final pH
Fig. 4. Cooking yield and final pH.
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of water cooking at lower temperatures, however, was to some extent greater
than the difference by semikraft process. That shows the fine materials
contained in the Sasa-cooked chips were much washed away with water through
defibration and washing.

The maximum cooking yield of the birch and larch was 81.7 and 82.4%
of B5 and L5, prepared under the mildest condition, while the minimum was
54.1 and 48.4% of B 2 and L 2 done under the most severe condition, respectively.
In comparison of the yields of Sasa pulps with those of birch and larch pulps,
the latters were without exception high at the same condition. It is shown from
this result that the .Sasa containes more materials dissolving into cooking liquor
than the birch and larch wood. The difference between the cooking and
defibrating yield in the wood pulps was somewhat less than in the Sasa pulps.

After all, the yield of the Sasa semikraft pulps was greatly affected by the
alkali, and in any case the Sasa pulps were inferior to the birch and larch ones
in lower yield.

c¢. Chemical Components

Holocellulose content; As shown in Table 3, the maximum holocellulose
content in the Sasa pulps was 95.9% of S 2, while the minimum 76.2% of S 10.
Involving water-cooked pulps the content of S15 was the lowest. On the con-
trary, Table 3 also shows the content based on the original was raised with
decreasing the alkali charges. The relation between holocellulose or lignin content

% %

Holocellulose content

30

L.ignin content

Holocellulose content

5 10 15%
Active alkali

Fig. 5. Holocellulose or lignin con-
tent in the Sasa pulps and
the cooking conditions.
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in the Sasa pulps and the cooking conditions are shown in Fig. 5. Fig. 5 indicates
that the holocellulose content was greatly affected by the alkali added, but
hardly by the temperature, except water cooking. Furthermore, Fig. 5 shows
that an increase of holocellulose is always accompanied with a decrease of lignin.

The maximum holocellulose content in the birch and larch pulps was 98.2
and 92.0% of B2 and L2, while the minimum was 77.6 and 63.5% of B5
and L5, respectively. In comparison with the three pulps the birch pulps
generally showed the highest content, while the larch ones showed the lowest.

Alpha-cellulose content ; As shown in Table 3, the maximum alpha-cellulose
content in the Sasa pulps was 77.8% of S3, while the minimum was 61.3% of
S12. The relation between alpha-cellulose content in the Sasa pulps and the
conditions is shown in Fig. 6. The trend of the change in the content is similar
to that in the holocellulose content. With 15% alkali level, the content amounted
to 76.0 to 77.8%. On the other hand, with 5% level, it decreased to 61.3 to
63.0%. But the content based on the original rised with decreasing the alkali
charge.

The maximum alpha-cellulose content in the birch and larch pulps was 86.3
and 77.0% of B1 and L2, while the minimum was 61.6 and 49.2% of B5
and L 6, respectively. In comparison with the three pulps, the content in the
birch pulps showed the highest, while that in the larch pulps showed the lowest
at the same condition. The content in the birch pulps based on the original
was also the highest.

Pentosan content ; As shown in Table 3, the maximum total pentosan con-

%
40

=
3
(3
<
. 2
2 s
@ ]
E 70r &
< —
@ S
=2
o
<
8 601 o
O——0 150C 10 O——0 150°C
o—_0 160°C O—-=0 160°C
X X 170=Q X X 170°C
l O——— 180°C Ly——— 180°C
L 1 1 1 1 i i
0 5 10 15 % 0 5 10 15 %
Active alkali Active alkali
Fig. 6. Alpha-cellulose content in the Sasa Fig. 7. Total pentosan content in the Sasa

pulps and cooking conditions. pulps and the cooking conditions.
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tent in the Sasa pulps was 30.6% of S1 and S 2, while the minimum was 24.0%
of S12. But the water cooking caused remarkably a dissolution of pentosan,
especially by higher temperatures. The relation between the total pentosan
content and the cooking conditions is shown in Fig. 7, which indicates that
the content generally remained much in the pulp with higher alkali charge and
a little with lower charge or by the water cooking. The trend of the change
in the pentcsan content is also somewhat similar to that in the holocellulse
content. The content based on the original showed higher values in case of the
pulps obtained under the condition of 5 and 10% alkali at 150 and 160°C.
Methyl pentosan content in the Sasa pulps was always low and showed little
difference with one another.

The maximum total pentosan content in the birch and larch pulps was
27.2 and 10.8% of B1 and L 2, while the minimum was 12.4 and 6.2% of B6
and L6, respectively. In comparison with the three pulps, the content in the
Sasa pulps showed the highest. On account of the lower pentosan in the
larchwood by nature, the content in the pulps was naturally the lowest.

Lignin content ; As shown in Table 3, the maximum lignin content in the
Sasa pulps was 21.5% of S12, while the minimum was 2.8% of S1. The
relation between lignin content and the cooking conditions is also shown in
Fig. 5. The change of the content was just reversed to that of the holocellulose
content, and it was remarkably decreased with elevation of alkali charge but not
much by elevation of the temperature, except the water cooking. Since the
water cooking almost left lignin and dissolved carbohydrates the amount of lignin
in the pulps was considerably increased. It appears that the relative increase
of the lignin content with the water cooking was especially shown by higher
temperatures, due to lower pH of the liquor. The low content of lignin based
on the original was also shown in the pulps prepared by the high alkali charge,
and about the same content as the original was found in case of the water
cooking.

The maximum lignin content in the birch and larch pulps was 20.5 and
34.4% of B5 and L6, while the minimum was 0.8 and 8.1% of B2 and L2,
respectively. The lignin content in the larch pulps was generally high since
the larchwood itself has a high lignin content. In comparison with the three
pulps the best delignification was given in the birch pulps.

After all, it is shown that the chemical properties of the Sasa pulps were
a little inferior to that of the birch pulps and much superior to that of the larch
pulps in a point of the high holocellulose content.

2. Physical Properties of Pulps

a. Freeness

Initial C. S. freeness of the Sasa, birch and larch pulps after flat-screening
is shown in Table 4. k

The range of the initial freeness was 735 to 600 mé. Little difference in
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Table 4. Initial freeness of the pulps

Pulp No. C. S. freeness Pulp No. ‘ C. S. freeness w Pulp No. l C. S. freeness
(mé) | {m¢) (md)
S 1 675 S 11 720 B 5 625
2 660 12 670 6 650
3 615 13 665 L 1 730
4 600 14 620 2 690
5 665 15 730 3 700
6 700 16 735 4 725
7 725 B 1 665 5 710
8 640 2 650 6 705
9 725 3 620
10 665 4 620

the freeness was found among the three pulps and with changes of the cooking
condition.

All the strength of the pulps varies with their freeness. The relations
between the freeness and some strengths of the pulps are shown in Fig. 8. From
this result the strengths increased to some freeness-stage with beating the pulps.
Tear factor of this larch pulp showed a maximum at 650 m# freeness, while
in case of the Sasa pulps this attained to a maximum after 20 to 30 min of the
time or at 500 to 400 m¢ freeness, then gradually lowered. Tensile and bursting
strength had a maximum at 200 mZ or so. Discussions on physical properties
of the pulps are mainly made on the pulp sheets of 400 and 200 m¢ freeness.
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Fig. 8. Some physical strengths changed
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b. Brightness and Strengths

Data of brightness, breaking length, burst and tear factors given from the
handsheets of the Sasa, birch and larch pulps at 400 and 200 m¢ freeness are
shown in Table 5. The data of the maximum values regardless of the freeness
are shown in Table 6.

Brightness ; As shown in Table 5, the maximum brightness value of the
Sasa pulps was obtained from S 2 at 400 m{ freeness, prepared under the con-

Table 5. Physical properties of the pulps at 400 and 500 m# freeness

x\\\\ Brig}é/‘f?ess Breakinr% )length Burst factor Tear factor
Freeness|

w 400 200 400 200 400 200 400 200

Pulp No. ™! ]

S 1 22 21 3.6 49 26 36 170 130

2 26 23 3.6 4.8 26 34 165 152

3 17 16 3.9 46 2.8 3.0 124 76

4 17 16 47 51 31 3.2 153 97

5 16 15 35 41 26 2.9 80 57

6 15 15 3.6 4.0 24 2.9 90 63

7 14 13 34 39 2.3 26 97 53

8 14 13 40 44 26 31 70 70

9 14 13 25 34 14 1.8 64 44

10 14 13 25 35 1.6 19 79 43

11 14 13 2.9 34 17 2.1 68 50

12 14 14 29 36 1.9 2.2 96 57

13 16 17 0.8 15 0.2 0.6 25 30

14 13 14 16 2.4 0.8 1.1 57 41

15 8 9 22 2.8 12 1.7 55 45

16 8 8 21 2.6 12 17 51 48

B 1 20 19 6.5 6.1 5.2 43 84 63

2 18 16 81 7.2 5.7 45 72 56

3 10 8 58 5.8 43 3.3 74 54

4 9 57 6.3 41 35 82 51

5 12 11 39 43 2.2 2.4 84 44

6 11 10 36 31 2.8 1.7 80 60

L 1 15 13 45 48 26 2.8 66 61

2 12 12 6.7 5.3 47 3.0 85 72

3 13 12 3.8 40 25 2.4 71 52

4 10 8 41 36 34 30 80 44

5 11 11 25 2.7 14 1.7 72 58

6 10 9 3.2 33 2.1 21 80 54

ey
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dition of 15% alkali at 160°C, while  the minimum was obtained from S8 to
S11 at 200m¢, prepared with lower alkali. The water cooking at higher
temperatures caused the lowest brightness. The relation between the brightness
of the pulps and alkali charge at 160°C is shown in Fig. 9. The brightness
value of the pulps was considerably high in 15% alkali level, but did not so
much vary with lower alkali. Generally the value at 400 m{ freeness was
somewhat higher than that at 200 m¢. Furthermore, the brightness also lowered
with raising the temperature at the same alkali.

Table 6. Maximum value in physical properties of the pulps

Pulp No. B;iegS};t- Freeness Blr:::tiﬂg Freeness gtéitr Freeness f’la;g:\(r)r Freeness

(%) (mé) {lkm) {m?4) (mé) (mf)

S 1 24 570 50 210 36 210 193 490
2 28 610 49 150 35 200 175 455

3 18 615 47 190 3.0 190 130 450

4 19 560 52 160 33 160 194 430

5 16 665 4.2 200 29 200 93 500

6 16 660 40 205 29 205 106 465

7 14 725 4.2 165 27 165 98 490

8 14 640 44 235 3.2 235 80 560

9 14 665 35 185 1.9 185 64 400
10 14 635 36 190 2.0 190 84 440
11 14 540 3.5 215 2.2 215 69 415
12 14 605 36 220 22 220 98 405
13 17 600 1.5 200 0.6 200 40 395.
14 14 585 25 185 1.2 185 80 370
15 10 640 27 230 1.8 230 57 485
16 8 640 25 205 1.7 205 60 340
B 1 25 640 6.7 350 5.2 350 114 640
2 24 640 8.3 330 5.8 330 133 630

3 12 630 59 260 44 440 108 630

4 10 590 6.4 210 4.2 425 108 510

5 13 600 48 215 3.0 260 94 600

6 12 630 39 250 24 490 9% 580
L1 17 660 49 240 2.8 240 184 650
2 16 680 6.7 330 5.3 330 194 630

3 13 700 4.2 295 26 460 198 700

4 11 720 4.1 400 35 300 175 720

5 11 710 2.8 240 1.7 195 105 660

6 10 705 3.8 260 25 260 143 570
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If freeness was not considered, the maximum was 28%, obtained from S2
at 610 ml freeness, as shown in Table 6. '

The brightness value of the larch pulps was the lowest, while its trend of
the birch pulps was a little close upon the Sasa pulps. Thus the Sasa pulps
had the highest brightness under each condition.

Breaking length ; The maximum and minimum breaking length of the Sasa
pulps were 5.1km of S4 at 200 m¢ freeness and 2.5km of S9 and 10 at 400
m{, respectively. The strength of the pulps prepared by the water cooking
was further low. The relation between the breaking length of the pulps and
the concentration of the alkali at 160°C is shown in Fig. 10, which reveals that
the difference between the two Sasa pulps obtained with 15 and 10% alkali was
a little, and that in water cooking the value was low. Furthermore, with reduc-
tion of freeness the strength increased.

Table 6 also shows the maximum was 5.2km of S4 at 160 mé freeness in
disregard to the settled standard freeness.

Taking notice of the birch and larch pulps, the breaking length was greatly
affected by the active alkali. For example, in case of the birch pulps, the
strength obtained with 5% alkali was 3.6 km but with 15% increased to 8.1 km,
i.e. over twice as high. The strength of these pulps was superior to that of
the Sasa pulps prepared at the same condition. Comparison of the larch pulps
with the birch ones showed that the value of the latters was rather higher than
that of the formers. Consequently, of the three pulps investigated the birch
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""" irch E
25l e——e] Ch pulp . Bl- O——0 Sasa  pulp at 400ml freeness o
Larch pulp @----® Birch pulp " e
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[ a— #® Birch pulp , g:gg?::h ::ii at Zoi)rr:l freeness // /E]
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-=
® %
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g ® w0
S e s
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L 1 L | I i
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Fig. 9. Brightness of the pulps and Fig. 10. Breaking length of the pulps and

active alkali at 160°C. active alkali at 160°C.
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pulps had the highest breaking length, followed by the larch and Sasa ones.

Burst factor ; The maximum and minimum burst factor of the Sasa pulps
were 3.6 of S1 at 200 mZ freeness and 1.4 of S9 at 400 m4, respectively. The
strength of the pulps by the water cooking also very low. The relation between
the burst factor and the alkali concentration is shown in Fig. 11. The strength
of the Sasa pulps did not largely vary with one another. The pulp at 200 mé
freeness obtained with 10% alkali almost bore comparison with that obtained
with 15%. With reduction of freeness the strength of the Sasa pulps likewise
a little increased.

The maximum in disregard to the standard freeness was also the same as
36 of S1 at 210 mé.

The burst factor of birch pulps showed a considerably high value, compared
with the Sasa and larch pulps. The strength of the birch and larch pulps was
also affected by the condition of the alkali concentration. Within the ranges of
the birch pulps tested the strength obtained under 15% alkali level, was extreme-
ly increased, and superior to that of the Sasa pulps.

Tear factor; The maximum and minimum tear factor of the Sasa pulps
were 170 of S1 at 400 m¢ freeness and 43 of S10 at 200 m¢, respectively.
The pulps by the water cooking was a little low in the tear factor, compared with
that with 5% alkali. The relation between the tear factor and the alkali con-
centration is shown in Fig. 12. The strength of the Sasa pulps was greatly
influenced by the active alkali. That of these pulps obtained with 15% alkali
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was so much high. However, even the Sasa pulps with 10% alkali, bore com-
parison with the birch and larch pulps with 15%. The maximum of the Sasa
pulps found in Table 6 was 194 obtained from S4 at 430 m¢ freeness. Gener-
ally the relatively higher freenesss showed the high tear factor and with further
reduction the value was gradually decreased®. In comparison with the three,
pulps, Table 5 reveals the strength of the Sasa pulps was the highest in the
lower freeness and it seems to be characteristic.

After all, within the ranges of these semikraft pulping, the Sasa pulps
obtained with 15% alkali at lower temperatures attained to the best physical
properties. The pulps at 200 mé freeness obtained with 10% alkali showed also
a considerably high strength. Furthermore, the Sasa pulps were superior in
brightness and tear factor and a little inferior in breaking length and burst
factor to the birch and larch pulps.

3. Relations between Yield or Chemical Components and
Physical Properties of the Sasa Pulps

-It is interesting to investigate the relations between chemical and physical
properties of the pulps, papers and boards on which some studies have been
madel),ZZ),ZS)JO).

a. Yield and Physical Properties

There is a close relation between the yield and the brightness of the pulps.
In general the less the yield is, the higher the value of the brightness becomes.
It is clear the yield mainly lowered with decreasing the content of lignin which
has been considered as the primary source of color, or reducing the brightness of
the pulps. Since the pulps obtained by the water cooking at higher temperature,
however, contained lignin and less carbohydrates, the pulp obtained was the
worst in both the yield and the brightness.

The relation between the yield and the strengths has a similar trend to
that above-mentioned. The pulps of about 50% yield, for example, have some
4.0 km of breaking length and these in the forties percent-yield have over 100
of tear factor at 400 m{ freeness. In case of the water cooking at higher
temperatures every strength was very low in spite of lower yields. '

b. Holocellulose Content and Physical Properties

The brightness was greatly affected by the holocellulose content in the
pulps. The relation between the holocellulose content and the brightness is
shown in Fig. 13. In the ranges of the content during 60 to 80% the differ-
ence was not so large, but the value considerably increased in the nineties-percent
content.

The relations between the holocellulose content and breaking length, burst
factor and tear factor of the Sasa pulps are shown in Fig. 14, 15, and 16,
respectively. In any cases the strengths became high with increasing the con-
tent in the pulps. The breaking length and burst factor are almost in direct
proportion to the content, while the tear factor is about duplicate proportion to
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the content.
c. Lignin Content and Physical Properties
The brightness was also markedly affected by the lignin content in the
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The relation between the lignin content and the brightness is shown in

Fig. 17. The brightness of the pulps containing below 10% lignin became high,
while that containing 10 to 30% of lignin hardly varied.
The relations between the lignin content and the breaking length, burst
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factor and tear factor are shown in Fig. 18, 19, and 20, respectively. In any
strengths the value lowered with increasing the content. The value of the
breaking length and. burst factor descends in a straight line with an increase of
this content, while that of the tear factor is in about inverse proportion to the
content.

d. Holocellulose to Lignin Content Ratio and
Physical Properties

More distinct relation between the brightness and the chemical components
was obtained by using the ratio of holocellulose to lignin content than using the
holocellulose or lignin content alone. Fig 21 shows that the brightness of the
pulps is gradually increased with elevating the ratio.

The relations. between the ratio and the.breaking length, burst factor or
tear factor are shown in Fig. 22, 23, and 24, respectively. When the ratio
becomes over 10, or ten times as high, the value of the breaking length and
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burst factor does not almost vary and runs parallel to the transversal axis.
4. Comparisons of the Sasa Semikraft Pulps with
Kraft Pulps

a. Comparison with Sasa Kraft Pulps

According to FUKuvaMA'™, the yield of Sasa kraft pulps were 36.0 and
41.4%, obtained with 24.1 and 23.9% alkali at 178 and 165°C, respectively.
The values were as low as about 10 to 5%, compared with that of the semi-
kraft pulps obtained with 15% alkali at 150 to 170°C. The strength in the
pulp of 36.0% yield at 410 m# freeness was as follows ; breaking length, 4.56 km,
burst factor, 2.36 and tear factor, 151. Comparison with those of the semikraft
pulps shows that the pulps obtained with 15% alkali has sufficient strengths
and that Sasa is easily cooked under some mild conditions. Furthermore, it is
shown that the pulp having a yield of 59.4% obtained with 11.9% alkali at
164°C, reveals 3.69 km in breaking length, 2.00 in burst factor. These data
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bear some resemblance to those of the semikraft pulps obtained with 10% alkali.

b. Comparison with Hardwood Kraft Pulps

According to Kawasg® the yields of such various kinds of hardwood
pulps as a white birch, a Doronoki poplar, a Lombardy poplar, a Yachidamo
ash and a black locust are 47.5, 47.9, 44.5, 43.8, and 46.0%, respectively by a
kraft process of 24% active alkali at 170°C. The yields resemble in some degree
that of the Sasa semikraft pulps obtained with 15% alkali. The strengths of
the hardwood pulps at 400 m¢ freeness were 4.5 to 5.9 km in breaking length,
2.4 to 3.2 in burst factor and 63 to 107 in tear factor. Comparison with
those of the Sasa semikraft pulps shows that the properties are similar to each
other in breaking length and burst factor but the Sasa pulps are considerably
superior to the hardwood pulps in tear factor.

5. Fibers of Pulps

a. Fiber Length and Length to Width Ratio

Distributions of fiber length of the Sasa, birch and larch pulps are shown
in Table 7 and Fig. 25, using some bast fiber, wood fiber and tracheid in the
three pulps, respectively, obtained under the condition of 15% active alkali
at 160°C.

The length of the Sasa fiber was in the range of 0.3 to 2.6 mm and 1.26
mm on an average. Furthermore, as width of the fiber was 14.6 g, the length
to width ratio amounted to 86.3, the value of which shows a slender shape.

An average fiber length of the birch and larch pulps was 1.07 and 2.18 mm,
respectively. That of the former is similar to the Sasa fiber, while that of the
larch seems a little short, compared with an ordinary larch fiber. The range of
the birch fiber length was so narrow that the fraction of 0.9 to 1.1 mm occupied
48.6% on the whole. The average ratio of length to width in the two kinds
of wood pulp fiber was 45.1 and 49.4, respectively.

Table 7. Fiber length distribution of fibers of the pulps

Numbers 0.3-0.5,06-0809-1.11.2-14|1.5-1.7 | 1.8-202.1-23 | 24-26 | 2.7-29
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | {mm) | (mm)

Sasa 506 7 58 149 142 87 41 16 6 0

Birch 506 7 69 246 157 25 2 0 0 0
Larch 506 0 0 8 48 89 98 86 59 46
Fiber

3.0-32 | 3.3-35 3.6- Max. Min. Average| Fiber length

width to width

{mm) (mm) (mm) (mm) (mm) (mm) (©) ratio

Sasa 0 0 0 2.6 0.3 1.26 14.6 86.3
Birch 0 0 0 20 0.5 1.07 237 45.1

Larch 37 27 8 4.0 0.9 2.18 4.1 494
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Fig. 25. Fiber length distribution in the three kinds of pulp fibers.

b. Photographs of Pulp Fibers
Photographs of the fibers in the Sasa, birch and larch pulps are shown in

Photo 1, 2 and 3, respectively. The pulp fibers were also obtained under the
condition of 15% alkali at 160°C.

It is shown that the Sasa consists mainly of bast fiber and parenchyma.
The former was very slender like a needle, while the latter has several forms like
a rectangle and an oval. Vessel was hardly observed because of a destruction
of the thin membranes in the cell by the cooking. Photo 1~1 and 1-2 show the
fibers obtained by cooking and defibrating after cooking, respectively. Photo
1-3 shows that the bast fiber began to bend by beating for 10 min. The fiber
shown in Photo 1-6 is a little fibrillated. The pulp in Photo 1-7 had a high
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strength property, while the pulp in Photo 1-9, the final beating stage of 120 mé
in CS. freeness, showed that the papermaking property was remarkably worse.

Comparison of the birch fiber with the Sasa one indicates the similar
elements of the cell to each other, as shown in Photo 2. The birch and larch
fibers, however, appeared to be a little soft and pliant even when unbeating.
From every photo the Sasa has much parenchyma cells which seem to cause a
lower yield on the pulping than the wood.

Conclusions

The semikaft pulps were prepared from the culms of Sasa senanesis under
various conditions. The yield, chemical and physical properties of the pulps
were investigated and compared with those of Sasa water-cooked pulps, and of
the birch and larch pulps prepared at the same conditions, or with previous
data on Sasa and hardwood kraft pulps. The conclusions reached can be
expressed as follows ;

1. The yield of the Sasa semikraft pulps was greatly affected by active
alkali added. With increasing the charge it considerably lowered. For examples,
with 15, 10 and 5% alkali the yield was the forties, fifties and sixties percent,
respectively. But the yield did not so much vary with changes of the
temperature at the same alkali level. The water cooking of the Sasa, on the
contrary, showed a considerable decrease of the yield with higher temperatures.
Furthermore, the Sasa was sufficiently cooked under the mild condition and the
cooked chips were easily defibrated by an operation of the refiner with 0.1 mm
clearance.

In comparison with the wood pulps, it is unavoidable that the yield of the
Sasa pulps was always low because the Sasa itself has constituently high extrac-
tives. However, even the Sasa semikraft pulps obtained with 15% active alkali
increased by about 5% in the yield, compared with Sasa conventional kraft
pulps.

2. Within these ranges of the semikraft procedures, the Sasa pulps cooked
under the condition of 15% alkali at lower temperatures had the most excellent
chemical properties in point of the highest holocellulose and the lowest lignin
content. Generally fall of the alkali charge and elevation of the temperature
brought the decrease of holocellulose and the increase of lignin in the pulps.

In comparison with the wood pulps, the chemical properties of the Sasa
pulps was a little inferior to those of the birch pulps, but superior to those of
the larch pulps prepared under each cooking condition.

3. The physical properties of the Sasa pulps were also affected by the alkali
charge. The pulps prepared with 15% alkali showed the best properties.

In comparison with the wood pulps, the Sasa pulps at 400 and 200 m¢
freeness were superior in brightness and tear factor to the birch and larch pulps.
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These Sasa pulps prepared with 15% alkali showed almost similar physical
properties to those of Sasa kraft pulps with about 24% alkali.

4. Fiber length of the Sasa pulps was 1.26 mm on an average and ranged
from 0.3 to 26 mm. The length of the Sasa fibers considerably resembles that
of the birch fibers and is a little longer. The value of the ratio of the length
to width was extremely large. The photographs showed that the Sasa fiber
was like a needle and that the appearance of the fiber changed with beating in
a marked degree.

5. After all, the Sasa semikraft pulps prepared with 15% active alkali at
the lower temperatures had the most excellent chemical and physical properties,
if their lower yields were disregarded. The Sasa pulps prepared with 10% alkali
and beaten sufficiently showed higher yields by over 10% and a little lower
strength than the pulps prepared with 15% alkali. Furthermore, the condition
of 5% alkali seemed to be a good one in point of the further high yields having
the strength to some extent.

Literature
1) AHLM, C. E. and LEOPOLD, B.: Tappi, 46, 102 (1963).
2) AURELL, R.: Svenk Papperstidn., 67, 529 (1964).
3) AXELSON, S., CROON, 1. and ENSTROM, B.: ibid., 57, 525 (1954).
4) BROWNING, B. L.: The Chemistry of Wood, 475, John Wiley & Sons (1963).
5) CASEY, J. P.: Pulp and Paper, 1, 213, Interscience (1960).
6) CASEY, J. P.: ibid., 3, 1317, Interscience (1963).
7) Forest-Products Institute of Tokyo Univ.: Experiment of Forest Products Chemistry, 91,

Sangyo- tosho {1956).

8) FURUYAMA, G., KAWASE, K. and SATONAKA, S.: Transactions 63rd Meeting Japanese
Forestry Soc., 339 (1954).

9) FUKUYAMA G., UJiiE, M. and TosAKA, K.: Transactions Hokkaido Branch Meeting Japan-
ese Forestry Soc., 4, 1 (1955).

10) FuxruvaMa, G. KAwASE, K. and SATONAKA, S.: Res. Bull. College Exp. Forests, Hok-
kaido Univ., 17, 271 (1955).

11} FuxkuvaMa, G., KAWASE, K. and SATONAKA, S.: ibid., 17, 295 (1955).
12) FuruvaMa, G., KAwaAsg, K. and SATONAKA, S.: ibid., 17, 321 (1955).
13) FUrUYAMA, G., KAWASE, K. and SATONAKA, S.: ibid, 17, 337 (1955).
14) FUkUvYaMA, G., KAWASE, K. and SATONAKA, S.: ibid., 17, 359 (1955).
15) FUKUYAMA, G.: Transactions Hokkaido Branch Meeting Japanese Forestry Soc., 9 90

(1960).

16) FukuvaMma, G.: ibid., 10, 178 (1961).

17) HANzAWA, M., UJiiE, M. and IKEDA, N.: Transactions Hokkaido Branch Meeting Japanese
Forestry Soc., 5, 52 (1956).

18) HaNzAwA, M. and UJIIE, M.: Transactions 2nd Meeting Japan Wood Res. Soc., 58 (1956).

19) HaNzAWwA, M. and UJIIE, M.: Transactions 4th Meeting Japan Wood Res. Soc., 115 (1957),

20) HANzAwA, M. and UJiIE, M.: Transactions Hokkaido Branch Meeting Japanese Forestry
Soc., 6, 63 (1957).

21} HANzAWA, M. and KAWASE, K.: ibid., 9, 64 (1960).



N
Lk

S8RE

51)
52)

in

Studies on Semikraft Pulps from Sase senanensis (UJE and MATSUMOTO) 313

HANzAWA, M., UJIIE, M. and Tosaxa, K.: ibid., 9, 62 (1960).

HANzAawA, M., UJIIE, M. and NIIRO, O.: J. Japan Wood Res. Soc. 9, 62 (1963).

HARTHER, N.: Svensk Papperstidn. 65, 535 (1962).

JACOPIAN, V.: Zellstoff u. Papier, 7, 326 (1958).

Kawaskg, K., UJIIE, M. and TosAKA, K.: Res. Bull. College Exp. Forests, Hokkaido Univ.,
20, 239 (1959). N

KAWASE, K. SATONAKA, S. and UJIIE, M.: Transactions Hokkaido Branch Meeting Japan-
ese Forestry Soc., 10, 117 (1961).

KAWASE, K., SATONAKA, S., UJIIE, M. and FUKAI, S.: Business Data College Exp. Forests,
Hokkaido Univ., 10, 1 (1964).

KocH, P. P, SAPP, J. E. and MCCRAY, R. L.: Tappi, 41, 349 (1958).

KUBAT J.: Das Papier, 18, 98 (1964).

LiBBY, C. E.: Pulp and Paper Science and Technology, 1, 160 McGraw-Hill (1962).

MACLAURIN, D. J. and WEBER, W. B.: Tappi, 36, 553 (1953).

MACLAURIN, D. J. and PECKHAM, J. R.: ibid,, 36, 557 (1953).

MACLAURIN, D. J. and WHALEM, J. R.: ibid., 37, 143 (1954).

MiciTa, N.: Wood Pulp, 73, 117, Asakura (1955). i

PETTERSON, S. E. and RYDHOLM, S. A.: Svensk Papperstidn., 64, 4 {1961).

SAARNIO, J. and GUSTAFSSON, C.: Papper och Tri, 85, 65 (1953).

STACIE, J. H. and GUIDE, K. G.: Tappi, 46, 141 (1963).

SADLER, H. and HRUSCHKA, A.: Holzforschung, 14, 83 (1960).

TAKAHASHI, E. and SHIRAHAMA, K.: Bull. Hokkaido Univ. Agr. and Forestry, 97, 335
(1929).

Toba, H., KisiMA, T. and HAMADA, T.: J. Jap. Tappi, 15, 381 (1961).

The Japan Polymer Res. Soc.: Test Method for Polymer Material (2) 271, Kyoritsu (1958).

UgE, M.: A Dissertation for Master’s Degree (1955), unpublished.

UJIE, M.: Transactions Hokkaido Branch Meeting Japanese Forestry Soc, 7, 55 (1958).

UJE, M.: Res. Bull. College Exp., Forests Hokkaido Univ., 20, 279 (1959).

UJIE, M. and SAKAGAMI, E.: Transactions Hokkaido Branch Meeting Japanese Forestry
Soc., 11, 64 (1962).

UJIiE, M. and MATSUMOTO, A.: ibid, 13, 1 (1964).

UJIE, M. and YOSHIKAWA, T,: J. Japan Wood Res. Soc., 11, 59 (1965).

UJIIE, M. and MATSUMOTO, A.: Transactions 15th Meeting Japan Wood. Res. Soc., 149
(1965).

UJig, M. and KikucHl, K.: Transactions 16th Meeting Japan Wood Res. Soc., 163 (1966).

VAMOS, G., LENGEL, P. and M£Ro, T.: Svensk Papperstidn., 67, 529 (1964).

YELLNER, S. and ENSTROM, B.: ibid., 60, 549 (1957).

L] E
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Rz % DOKEEEL, vFH v, T2V HOE—+v 3 - 7357 M & X 5 K%KR
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DRER O E DR 2 bt
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BT L7 U GRINE (%) :
OmOkLT,ﬁ> # & B B (C
¥y T L
15 150, 160, 170, 180
10 150, 160, 170, 180
5 150, 160, 170, 180

W30 H{LE 25%
FEREIERE LEM @ RRERSNMN 1OKRH

1. 4423237 b3V TORRIXERT v » ) GIMRICAE S EEIh, TOW
PR -T, MBIFLLEA L, A, EE7Lr2Y 15, 10 KX U'5% OBf,
BRZEZhh, 40% &, 50% B, X0 60% HLicote, —HF DILRILFERREC
Lo THRIRBEEI LI ot, TREHLTHYDOKEETE, ESEOBECELWIL
ROBETHELRI, LHLAL, v Hi3uThoff T HENTEFCEBRIN T
D, W—BlDOY 7 71— QB TEBCHEE IR,

R¥ AN T E B LUIEE, S ECE—&ETREIELS, i+ a4, #
e L istcd, RFGBRCTOBHENRKRERDLDEBbhb, LL, ¥ ¥£i17 7
7P AT E— O 57 b AT BT, 5% AN EDORFBIL S, - 12,

2. ZO&RGEOBEKNTIE 15% FEE 7470 O KBHER TORBIL > Tarbh
RS TE, dreie - ARFHEROBVAE, BY 7= vORGIRHAT, HRREOML
EHBEAYEL TV, LrL, —BC7 A2V EMROETE, EREEO LR -
T, AT Dkrere—ADE E, V= vOBNRLb IR,

Kb A7 e WU, 53 TOEREBR Y I » v ST Dxh i b
LEMCE EDLM, BTV AATRLE LR T ST,

3. ¥ eI sF7 P AATOYEMMEL FEET AR YV ERNRCESA SR,
— R 15% DIHRMEBOBHE, LDV TEEREOMEWEELXHF L T,

RMALTEHBELIER, 79 —% A5 400 & 200 mé D4 L%, vFHV
REHT=Y AT L) ABEL KFIHEECS TR T ChTuien, BERE WBAE
CEWTEMACEE > T, —H15% OT7 A7 ) IIME TR IR+ 713,
— D 24% HEMBTHB I W o2 57 P34 7L RBAHEHEERE L T\,

4, 4232757 FALTORMERITFEE 1.26 mm ¢, FoHMHIX 03 mm & 26
mm OECH -fc, +HOMBORII VI H v ADTRERLTEII WD, #Eric
Bhote, LU, MRS ZOBEDRIIBMCKTH »7c, FHIIZhZILILDL,
FHOBMEIHOL S THD, THHANNEEHL L, TOBEXZZELIELL T

> 72,
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5. #R, 15% FEET v 2 ) T, HEMHEE TRE I+ S0 7L, BIEYE
BT, TOMENE I OPEOEE»SRBOREE V25, T 10% OiFET 1
#Y CREIRAL TR, BHCHEL THIUE, ECHENMEVCZT T, — o7
7 FANTELBLNI% P ELINEREETTSATVS, — 5% D7 An )%
AV EERHAIBREOBELXR LD, —BORKOFENARGhZ2ET, LW&iFs

Bbhz,
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1-1  Cooking 1-4 Beating for 20 min
(CSA 660 me)

1-2 Defibrating (C.S.f. 690 m¢) 1-5 Beating for 25 min
(C.S.f. 650 m¢)

1-3  Beating for 10 min 1-6 Beating for 30 min
(C.S.1. 670 m() (C.S.f. 500 m()
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1-7 Beating for 35 min 1-8 Beating for 40 min
(C.S.f. 350 mJ) (C.S.£. 200 m¢)

1-9 Beating for 45 min
(C.S1. 120 m()

Photo 1. Microscopic photographs of the Sasa pulp.
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2-1 Cooking 2-4 Beating for 20 min
(C.S.f. 635 ml)

2-2  Defibrating 2-5 Beating for 25 min
(C.S1. 680 m{) (C.S1. 625 m/)

2-3  Beating for 10 min 2-6  Beating for 30 min
(C.S 1. 640 m{) (C.S.f. 530 my)
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2-7 Beating for 35 min 2-9 Beating for 45 min
(C.S.f. 450 m{) (C.S1. 220 m{)

2-8 Beating for 40 min 2-10 Beating for 50 min
(C.S4. 330 m¢) (C.S.. 150 m¢)

Photo 2. Microscopic photographs of the birch pulp.
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3-1 Cooking 3-4 Beating for 25 min
(C.S£. 590 m¢)

3-2 Defibrating 3-5 Beating for 30 min
(C.S.f. 680 md) (C.S1. 470 m2)

3-3 Beating for 20 min 3-6  Beating for 35 min
(C.S.f. 645 m¢) (C.S.f. 365 mY)
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3-7 Beating for 40 min 3-8 Beating 45 min
(C.S.1. 300 m¢) (C.S1. 195 m¢)

Photo 3. Microscopic photographs of the larch pulp.



