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Tissue Elements and Their Papermaking
Properties on Bark of Cryptomeria japonica
and Chamaecyparis obtusa
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Résumé

A pulping study was made on the bark of Sugi (Cryptomerie japonica D. Don.) and
Hinoki (Chamaecyparis obtusa Sieb. et Zuce.) in view from pulp elements-papermaking
property relation. Bark tissues of these species contain substantial amounts of bast fibers,
in spite of little or no bast fibers in the bark from most of coniferous species. Kraft
pulp from these barks gave a sheet having properties comparable to that from coarse
softwood fibers. In the bark sheets, tlie thick-walled bast fibers tend to form framework
of the structure, whereas the fibrous, thin-walled elements may contribute to the formation
of well bonded sheets. There are no particular elements that will cause some trouble

in sheetmaking.
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]. Introduction

Because of the wood fiber shortages and the push for greater utilization of the forest
resource, extensive researches have been made on whole-tree pulping”®® and pulping of the

young, rapid-growth trees®®® from short-rotation forestry to obtain additional papermaking
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fibers. Cne of the most important problems encountered in these researches is generated by
the presence of bark in wood chips. Large amounts of lignin, extraectives and ash in most
of bark lead to more alkali econsumption in kraft eooking comparison with in normal wood
chips, and consequently lower pulp yield. Furthermore, non-fibrous elements in bark pulps
often tend to give poor quality of paper sheets. On whole-tree pulping, Powell et al.®
showed that the additional alkali requirements by bark can be compensated for by the
less alkali requirements of juvenile wood chips, and Marton et al.® suggested that
considerable relief from the problem by the presence of bark is achieved by using:oxygen
instead of kraft pulping.

The morphological characteristics and eontent of fibrous elements in bark pulps vary
remarkably from wood species to species. Harder et al.” reported on bark pulping results
for 42 pulpwood species grown in North America. The present paper is one of a serial
study to accumulate fundamental knowledge concerning bark pulps from Japanese species

in view from pulp elements-papermaking property relation.

2.  Experimental

T‘i"xe bark used for this study was collected in early spring, 1979, from the trees of
Sugi (Cryptomeria japonica D. Don.) and Hinoki (Chamaecyparis obtusa Sieb. et Zuce.)
growing in Kyoto prefeeture, and divided into inner and outer bark parts. Extractives
and ash contents in the bark were analized following TAPPI Standards. The bark
tissues were observed by a light mieroseope in the form of stained cross section.
For classification test of the bark elements, holopulp of the bark was prepared by
sodium chlorite-acetic acid treatment,” and subjected to a dynamic drainage jar with
various size of screen under monitering the effluent fractions by a light microsecope.

Bark kraft pulp was prepared in a 4-litter laboratory digester. The conditions of kraft
pulping for all samples were the same and as follows: 25% total chemicals, 24.7% sulfidity,
5:1 liquor-to-bark ratio, 7170°C, and 120 min at the temperature. The pulp obtained was
refined by a flat screen with 6 inch-cut screen plate, and delignified by sodium chlorite-
acetic acid treatment.

The never-dried pulp was beaten in a stainless steel PFI mill for two levels of
revolution counts, formed into laboratory handsheets, and tested following TAPPI Standards.
Morphological characteristies of the handsheets were observed by a scanning electron

microsecope.

3. Results and discussion

3.1 Bark elements

The bark of Sugi (Cryptomeria japonica D. Don.) and Hinoki (Chamaecyparis obtusa
Qieb. et Zuce.) contains substantial amounts of bast fibers®, in spite of little or no bast
fibers in the bark from most of coniferous species™'®. Figure 1:'indicates the similarity

between the bark tissues of Sugi and Hinoki. The two types of bast fiber, i. e.,
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Fig. 1. Cross section of bark tissues.
Inner bark (a) and outer bark (b) of Sugi (Cryptomeria japonica D. Don.),
and inner bark (c) and outer bark (d) of Hinoki (Chamaecyparis obtusa
Sieb. et Zucc.) . BF : bast fiber, SC : sieve cell, AP : axial parenchyma and
RP : ray parenchyma.

thick-walled bast fiber and thin-walled bast fiber, are present in these bark tissues,
but selereids, or stone cells, are absent.

The carefully holopulped elements were classified using a dynamic drainage jar with
various size of sereen. The fractions retained on 60 and 100 mesh screen consist of fibrous
cells and their fragments, i. e., sieve cell, thin-walled bast fiber and thick-walled bast
fiber (Fig. 2). The thick-walled bast fibers have about 4 mm of mean length and 5-10 #m
of cell wall thickness, whereas the cell wall thickness of thin-walled bast fibers is
comparable to that of the sieve cells. In a pulp suspension, the thin-walled fibrous
elements tend to form floec in consequence of entanglements with the rigid bast fibers
because of their large fiber length and great flexibility. Most part of the fractions
through 100 mesh screen consist of parenchyma cells for the inner bark and of parenchyma
cells and cork cells for the outer bark, and come almost within the category of fines.
However, there are no particular elements, such as clumps of phelloid cells in the outer
bark of Akamatsu (Pinus densiflora)'™, that will cause some trouble in sheetmaking.

Table 1 shows results of the classification test for the holopulped elements. In compari-
son with the inner bark, portion of fines fractions in the outer bark increased due to

the presence of fine cells formed in the phellogen.
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Fig. 2. Bark elements retained on 6() mesh screen.
Inner bark (a) and outer bark (b) of Sugi, and inner bark (c)
and outer bark (d) of Hinoki.

Table 1 Size distribution of bark elements defibrated by sodium

chlorite-acetic acid treatment

Fraction, mesh ; >60 l 60-100 i 100-200 <200
Sugi Inner, % (in weight) 75.8 11.5 4.9 7.8

Outer, % (in weight) 79.4 3.9 1.8 14.8
Hinoki Inner, % (in weight) 86.3 4.4 5.3 4.0

Outer, % (in weight) | 77.9 4.6 0.3 17.2

3.2 Yield and quality of kraft pulp

Table 2 summarizes pulp yield in comparison with some analytical data for the bark,
and, also, indicates the similarity between Sugi and Hinoki in pulp yield. Considerable
amounts of alecohol-benzene and hot water solubles were found in the bark, particularly
in the inner bark, and lead to poor yield of pulp. The outer bark tends to be lower
than corresponding inner bark in kraft pulp yield, despite higher in holopulp yield.
It should be noted that most of the very fine cells such as through 200 mesh screen

was lost during the washing and sereening procedure in kraft pulping test.



Table 2 Bark analysis and pulp yield

Bark Holopulp kraft pulp
A Aleohol- | Hot water vield, Cooking Screened

sh, b * i 3
9, ~ Dbenzene solubles * | yield, yield,
4 solubles, % % % % %
Sugi  Inner 4.73 20.3 14.9 33.7 29.6 ‘ 25.3
Outer (.29 7.0 5.1 38.5 23.6 19.6
Hinoki Inner 4.72 11.6 | 15.1 32.2 27.0 | 25.2
Outer = 0.24 6.0 | 6.7 38.9 24.0 21.3

* After extraction with alcohol-benzene

L
0.1 mm
Fig. 3. Surface image of bark handsheets from never-dried, unbeaten kraft pulp.
Inner bark (a) and outer bark (b) of Sugi, and inner bark (c)

and outer bark (d) of Hinoki.

Kraft pulp from the bark of Sugi and Hinoki gave a sheet comparable to that from
coarse softwood fibers such as Douglas fir (Pseudotsuga taxifolia). As mentioned earlier,
the fibrous fraction of the bark pulp that will strongly affect the sheet properties
can be subdivided into thick-walled and thin-walled elements. In sheetmaking, the thick-
walled elements, i. e., thick-walled bast fibers, tend to behave somewhat like the latewood
tracheids in softwood pulp and to form framework of the sheet structure (Fig. 3).
The thin-walled elements, i. e., sieve cells and thin-walled bast fibers, have well flattened,

ribbon-like shape into the sheets even at unbeaten condition, and make so contact with
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Fig. 4.

Fibrous thin-walled elements on surface of unbeaten handsheets.
Sugi inner bark (a) and Hinoki inner bark (b) .

Table 3 Handsheet test of bark kraft pulp

PFI mill ‘ Frecness = Sheet | Breaking | Burst Tear \ Folding
rev. (CSF), density, @ length, factor faetor | endurance
‘ ml o/cnt km L (MIT)
Sugi Inner 0 550 ‘ 0.40 5.04 <0.79 285 49
| 1000 351 0.45 7.12 1.05 336 374
5000 204 ‘ 0.50 8.73 1.60 288 749
Outer 0 534 | 0.45 5.56 0.58 236 | 81
1000 309  0.50 7.68 0.85 244 261
5000 99 0.54 8.76 1.18 205 617
Hinoki | Inner 0 467 0.46 7.02 1.21 324 | 260
1 | 1000 303 0.51 8.67 1.75 275 | 547
‘ | 5000 159 0.53 9.56 2.17 236 1048

_ | N _

|

| Outer 0 506 0.45 6.02 1.05 212 76
1000 296 0.52 8.24 1.49 196 273
‘ 5000 0.55 9.24 2.19 171 651

139

others as clearly visible the cell wall texture of the lower fiber through it (Fig. 4).

Table 3 summarizes results of handsheet test for the bark pulp of Sugi and Hinoki.

An increase in sheet density with increasing of beating levels was not so great because

of little or no flattening of the thick-walled bast fibers. Unbeaten handsheets from the

bark pulp developed higher levels of breaking length and burst factor than those from

usual softwood pulp, and this suggests that the presence of fibrous thin-walled elements

may contribute to the formation of well bonded sheets. On the other hand, considerable

amounts of long, thick-walled bast fibers in the bark pulp offered the sheets having

very high tear resistance.

The thick-walled bast fibers of Sugi are slightly larger in fiber width than those of

Hinoki as seen in Figs. 1,

2 and 3, and this would be reflected to sheet strength, that
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is, slightly low in breaking length, burst factor and folding endurance.

inner bark sheets have higher tear resistance than corresponding outer bark sheets,

Although the
the

strength properties of both sheets are comparable to those of softwood.

4. Acknowledgement

The authors express their appreciation to Professor Saburo Kawanabe and the stuffs

of Ashu Experimental Forest of Kyoto University Forest, for their kind collection of

Sugi bark, and also to Mr. Minoru Fujita, Department of Wood Science and Technology,

Kyoto University, for his valuable diseussion on bark tissues.

1)

2)

3)

4)

5)

6)

7

8

9

10)

1)

5. References

Belluschi, P. G. : The total-tree concept and its effeet on the pulp industry. Tappi 57
(8), 96-98 (1974)

Powell, L. N., Shoemaker, J. D., Lazar, R., and Barker, R. G. : Whole-tree chips as a source
of papermaking fiber. Tappi 58 (7), 150-155 (1975)

Marton, R., Amidon, T. E., and Koeppicus, R.: Origins of some problems in whole-tree pulping.
Tappi 59 (12), 107-112 (1976)

Einspahr, D. W. : The influence of short-rotation forestry on pulp and paper quality. I. Short-
rotation conifers. Tappi 59 (10), 53-56 (1976)

Einspahr, D. W. : The influence of short-rotation forestry on pulp and paper quality. II.

Short -rotation hardwoods. Tappi 59 (11), 63-66 (1976)

Zobel, B. : Wood properties as affected by changes in the wood supply of southern pines.
Tappi 59 (4), 126-128 (1976)

Harder, M. L., Einspahr, D. W., and Parham, R. A. : Bark fibrous yield for 42 pulpwood
species. Tappi 61 (11), 121-122 (1978)

Browing, B. L. : Methods of wood chemistry, vol. II, p.394-396 John .Wiley & Sons, Ine.
(1967)

Miyagawa, M., Fujita, M., and Harada, H. : The cell wall structure of the secondary phloem elements
in Cryptomeria japonica D. Don. Bulletin of the Kyoto University Forests 45 (12), 181-191 (1973)
Chang, Y. : Anatomy of common North American pulpwood barks, Tappi monograph series
14 (1954)

Murakami, K., Hirako, H., Araya, K., and Imamura, R. : Fundamental study on whole-tree
pulping of Pinus densiflora. Bulletin of the Kyoto University Forests 51 (12), 267-273
(1979)



