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FOREWORD

The experimental work was carried out between
August 1972 and May 1973 at the Department of Paper
Science and Engineering of the State University of
New York College of Environmental Science and Forestry,
in Syracuse, New York, United States of America (U.S.A.).
Data are also included, which were obtained in Brazil
between January and November, 1971 at the Escola Superior
de Agricultura "Luiz de Queiroz"--Universidade de Sao
Paulo, in whose pulp and paper laboratories the four
Brazilian pulpwoods were studied, pulped and tested.
The present work was made possible through the grant of
an Agency for International Development scholarship to
the author, covering the period from January 1972 to

September 1973.
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INTRODUCTION

The natural resources of Parana pine (Araucaria

anqustifolia) in Brazil are being exhausted quickly. The

heavy demand for this wood by the pulp and paper and
lumber industries, and the difficulties encountered in
regenerating these forests are the main reasons. Parana
pine is a forest species that grows slowly and has special
demands on soil and climate. Researches are bheing con-
ducted with an aim toward replacing it by exotic species
which can grow at a faster rate and on poorer lands.
Among the long-fibered wood species, those from the genus
Pinus have shown the most outstanding characteristics.
Pinus species have been planted for economic purposes in
Brazil for no more than 15 years. This represents, after

Eucalyptus species, the most successful attempt in exotic

tree introduction: the silvicultural and forest management
practices pertaining to pine are simple and its nutritional

demands are small.




At the moment, the problem of the exhaustion of

natural forests of Parana pine is keing solved by the

planting of large areas with: Pinus eliottii and Pinus

taada in South Brazil, and Pinug carikasa var. hondurensis

in Cemrtral Brazil. These species have found an excellent
site for development and increases in volume vary from
15 to 35 stere cubic meters/ha/annum (1)}.

The man-made pine forests grow well In Brazil until
reaching an age of 7 to 1l years, when trees begin to
exhibit intense competition for mineral nutrients, water
and light. At this time, a first thinning becomes neces-
sary to guarantee better development of the remaining
trees. The age of this thinning depends upon the spacing,
climate, genetic gquality of the seeds, silvicultural
practices, and some factors inherent to eaph spacies,
such as growth rate, natural pruning, and vigor.

The total volume of young wood that comes from
this first thinning is very large and statistics show
that it will increase greatly in the next few years. So,

this kind of wood is potentially a large source of raw




The present investigation is intended to study the
wood and kraft pulps obtained from these young woods and
from the woods of two of the American southern yellow pines
which are comparable in many respects to the Brazilian pines:
slash and loblolly pines. This study has the objective of
obtaining information about these raw materials and making
comparisons among the woods and with Parana pine mature
wood. It was possible to make direct comparisons hetween
the properties of all the woods studied because similar
maethods were used. However, since the procedures and instru-
ments used in obtaining and testing the pulps from the
Brazilian woods differed from those used for the American
woods, no statistical comparisons for pulp properties
relating all species were performed. Therefore, the results
of the pulp investigation werxe statistically analyzed on the
basis of two sets of data: one collected in Brazil and the
cther in the U.S5.A. The conclusions which were reached in
the pulp evaluation study were drawn with the splitting of

the data taken into account.




REVIEW OF LITERATURE

1. The genus Pinus

The genus Pinus consgists of over one hundred species
(2) and many of these represent important sources of raw
material for the wood products industries. Pines also
comprise the principal softwocd species pulped throughout
the world, and their use is increasing rapidly. There are
several good reasons why pines constitute such an important
source of raw material for the industry (3): their wood
has an unusual combination of desirable properties, the
resources are easily renewable and substantial volumes of
timber are available at the present time. In the U. S. A.
the southern pines represent the principal timber species.
Tt is estimated (4) that by the year 2000, moxe than 50
percent of the softwood used in this country will come
from the South.

The spreading of the genus over the world is another
feature to be considered. In the southern hemisphere there

are only a few species that grow naturally. However, the




introduction of many species from the northern hemisphere
has been extremely successful, especially in Latin America
and Africa. Thus, geography does not constitute an impedi-

ment to the growth and economical importance of the genus.

1.1. Wood charactexistics

A considerable amount of information pertinent to
the wood characteristics of pines may be founa in tne
literature. In recent years, very comprehensive reviews
have appeared such as that by Koch {(5), discussing the
utilization of southern pines. Other sophisticated works
deal with the ultrastructures of the wood [Cotd et al.
(6)]; identification and dquantitative analyses of chemical
constituents [Hall and Gisvold (7,8), Posey and Robinson
(9), Stanley (10), etc.]:; and specific gravity [McMillin

(11}, Zobel (12), Zobel et al. (13}, etc. ].
1.1.1. Juvenile wood in pines

It has been recognized for a long time that the
first wood which is formed in most wood plants is different

from that which is formed later in the life of the tree.




| _has a high lignin and moisture contents and_thin-walled cells.

This wood is commonly referred to as "core" or "juvenile™
wood and the later-formed wood is known as “"mature" or
nsdult®™ wood. There is no abrupt transition between
juvenile and mature wood inside the tree. The transition
is gradual and the characteristics change over the span
of several years. Several studies (13,14,15) reported
the formation of this immature wood for pine up to the
age of 7 to 11 years: slash pine begins to form mature
wood at an age 5 to 8 rings from the pith, whereas loblolly
pine does so at the age of 7 to 11 years. The core of
juvenile wood extends more or less cylindrically toward
the top of the tree. Thus, the tops and branches of a
tree are almost totally juvenile wood. Juvenile wood is
not only a characteristic of fast-growing trees; its
presence has also been reported in slow-growing trees (12).
Wood characteristics of juvenile and mature wood
from the same tree differ considerably. Zobel (L2)
reported juvenile wood as having lower specific gravity,
shorter fibers with a flat fibril angle and excessive

compression wood. Kirk et al. (16) stated also that it




Its lower specific gravity and recognized low tension and
compressive strength properties have limited its use in

many lumber applications. Juvenile wood represents a very
significant proportion of the commercial logs in the South

of the U. S. A. Amounts of juvenile wood in the merchantable
volume of loblolly pines in South Carolina are reported by
Zobel et al. (13) as follows:

Table 1. AMOUNT OF JUVENILE WOOD IN LOBLOLLY PINES (13)

Age Of Trees Amount of Juvenile Wood
(Years)
% of Dry Weight % by Volume
15 76 85
25 50 55
40 15 19

Some proparties of young wood as reported by various

investigators are shown in Appendix A.
1.1.2. Mature wood

Fiber dimensions and chemical composition of pine
woods are probably the most studied fields in wood science.

However, because of the within-species and within-tree

variability of the woods, many of the data are expressed



as wide ranges of values and it is difficult to find wvalid
comparisons. Anothexr source of variation is that each
investigator has his own way of obtaining samples from a
species population; and most of the time representative
samples are difficult to obtain. Wood is also a material
which is highly influenced by site ard climatic conditions.
ITn view of all these reasons, it is unwise to make general
comparisons between the properties of woods which were
studied by different investigators. Although good statisti-
cal comparisons are not available, several informative
tables showing results found by various authors are in

Appendix A.

1.2. Kraft pulping

1.2.1. Juvenile wood

In recent years, because of increasing wood short-
ages, more and mare emphasis has been placed on the pulping
of juvenile woods. A large source of this kind of wood is
available at the present time from early thinnings in pine
forests and it will be significantly larger in the future.

This potential resource constitutes an attractive reason




for the interest of industries and research institutes.
Today, the trend is to develop, through the use of tree
breeding, pine trees with special dualities in juvenile
wood that will supplement the hardwood furnished for the
pulp industry (27).

Several studies on the pulping of southern pine
juvenile wood have been reported by Zobel (17), Barefoot
et al. (28), Einspahr et al. (29) and Kirk et al. (16).

The last cited investigators summarized juvenile wood pulp-
ing results found in the literature as follows:

a) Jjuvenile wood pulps contain more lignin than
pulps prepared from mature wood under the same

conditions;

1) juvenile wood pulps exhibit higher burst and
tensile strength and apparent density, but

lower tear strength;

¢} pulp yields are low, making the use of juvenile

wood more expensive;

d) pulps have low cellulose yields and high

hemicellulose yields;

e) pulps from higher specific gravity juvenile

wood exhibit higher tear strength but lower
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burst and tensile strength and apparent
density when compared to other juvenile

wood pulps.

These authors alsc reported in their investigation a much
higher tensile, burst strength and folding endurance for the
juvenile wood when compared to pulps cobtained from regular
mill chips. This was attributed to higher fiker bonding
at a given freeness as a result of the thinner-walled and
more flexible fibers of the juvenile wood. Low opacity for
juvenile wood pulp has been reported to be the result of a
small unbonded area in the sheet (16).

In Brazil, only a few studies have been published
on this subject. Redko and Guimaraes (19) reported obtain-
ing kraft and neutral sulfite pulps of high yield and
guality from the wood of 8 year-old Pinus elliottii. High
breaking length was considered the major characteristic of
these pulps, and the low tear strength was attributed to
the immaturity of the fibers. The utilization of this kind
of wood for manufacturing linearboard and corrugating medium
was suggested by the authors. Similar results were found

by Zvinakevicius (30) when he studied the kraft pulping of
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young trees of Pinus elliottii and Pinus taeda. The author

considered the laboratory results For tear strength of these
woods to be disappointing. Better results were reported
when a mill trial was performed with just-harvested wood.

A comparative diagram showing some of the strength properties
of multi-wall sack paper which was manufactured by the mill
during the trial is presented below. Two species of wood
were utilized for this comparison. The following notation

was used: o = paper obtained from Pinug taeda pulp,

[]= paper obtained from Araucaria angustifolia pulp.
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1.2.2. Mature wood

Because of the problems encountered in low pH
pulping, pinewood is usually processed by alkaline methods,
especially the kraft process. Xraft pinewood pulps repre-—
sent the largest percentage of chemical pulps produced in the
world. The literature is rich in papers dealing with this
subject; however, only a few articles which are directly
related to this investigation are discussed here.

In the U. S. A., since 1940, the southern part of
the country has becane the world's largest kraft pulp pro-
ducer (31). Ten species of pines are commercially pulped
in this area. O©Of these, loblolly pine ranks first and it
is followed by shortleaf, longleaf and slash pines. The
properties of the pulps produced in the southern kraft mills
seem to be only slightly influenced by wood species (32).
However, as the different species of pines grow in various
climatic zones, the influence of species appears to be very
strong (32). Lignin content of the pulp is one of the
major sources of variation between the properties of these

pulps (32,20).
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Southern pines are well known to produce pulps with
very high tear strength but low burst ard tensile strength
(33). These trends in strength properties are similar to

those observed for the sulfite pulps of Araucaria anqustifolia

by Rys et al. (34).

In tropical and sub-tropical pulp-producing countries,
attention has been given to the utilization of fast-growing
pine species. The pulping of coniferous species growing in
these areas has been the subject of investigations by the
Tropical Products Institute in England. Two members of
this institute, Palmer and Gibbs, have studied intensively

the kraft pulping characteristics of Pinus carikbaea from

tropical areas of the world (35,36,37,38,39,40). Among
their important findings, tle authors concluded that Pinus
caribaea is expected, under production conditions, to yield
pulps somewhat weaker than commercial pulps such as Canadian
and U. S. southern pine kraft pulps. Nevertheless, it could
be used in the sme way for the production of packaging

grades of paper in an integrated plant.
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Palmer and Tabb reported the results and conclusions
of a long investigation in pulping characteristics of
tropical conifers (41). The investigation showed that
Pinus caxribaea, in some cases, yielded pulps unsuitable for
paper production if used alone, but because of their high
tear strength, might be valuakle as a component in pulp
mixtures. Also, the tropical pines produced pulps with
poorer bonding qualities than temperate species and so were
weaker in burst and tensile strengths. Because of their
usually inferior gquality, tle authors concluded that it was
unwise to assume that the pulps obtained from these woods
could be sold easily on the world markets.

More optimistic conclusions were drawn by Fairest

(21) in the investigation of Pinus caribaea growing in

Venezuela. The pulp obtained from mature wood was considered
definitely better in quality when compared to the informa-
tion found in the literature. However, the cooking of

5 year-old wood led to weak pulps. Burst, tensile and

tear strengths were similar to the values reported for

American and European pinewood pulps. Fairest concluded

his work with a straong suggestion for the _planting of this
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species in Venezuela, as a new source of raw material for

the kraft pulp industry.

2. The genus Araucaria

The genus Araucaria comprises less than 10 species
confined to South America and to the Southwestern Pacific
area. Araucaria anqustifolia is the most important South
American softwood. It is the only native softwood of com-
mercial value in Brazil and it is still the major source
of long-fibered raw material for the Brazilian pulp and

paper industry.
2.1. Wood characteristics

Up to the present time the information on the
Araucaria species is very limited. A few works (34,42,43)
have appeared, in which the authors investigated the
morphological, chemical and pulping properties of the species.
Lack of precise information on the exact ages of the trees
is another serious problem, since the gpecies grow in virgin
forestzs. Also, because of this, the wood is characterized

by a lack of uniformity.
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As major features, Araucaria is well known as
having very long fibkers, said to he the longest among the
conifers (34), and high cellulose content. The fiber
length often xreaches 7 to 9 mm, with an average arocund 5 mm.
The specific gravity runs from 0.400 to 0.585 (44).

Chemical analyses of Parana pine wood were performed
by Rys et al. {(34) and Redko and Guimaraes (19). The results

obtained by them are shown in Appendix A.

2. 2. Pulp properties

Although it has many desirable wood properties,
known to be important in their effect on pulp properties,
Parana pine pulp does not exhibit the high strength that
might be expected (34). High tear factor is the principal
fezture of their pulps, but concomitantly, tensile and
bursting strength are generally at a low level for

softwoods.




