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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



16

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.




17

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.




MATERIALS USED AND EXPERIMENTAL PROCEDURES

WOOD

1. Source of the woods

Four different forest species were used in this
investigation. The woods ¢growing in Brazil were repre-—

sented by the species Araucaria angqustifolia (Bert) O.

Kuntze, Pinus elliottii Engelmann var. elliocttii, Pinus

taeda L. and Pinus caribaea Morelet wvar. hondurensis, while

those growing in the U. S. A. were represented by the species
Pinus elliottii Engelmann var eglliottii (slash pine) and

Pinus tzeda L. (loblolly pine).

To simplify the presentation of data, the scientific
name will be kept for the Brazilian species and the common
name for the American ones. Thus when the name slash pine
is used, the author is referring to the species Pinus
elliottii var. elliottii growing in the U. S. A., and so on.

The woods of Pinus elliotiii, Pinus taeda and

Araucaria angustifolia were obtained from Olinkraft Celulose e

Papel Ltda. at_ Lages, Santa Catarina, Brazil. The wood of

booe -
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Pinus caribaea came from Champion Papel e Celulose S. A. at
Mogi-Guacu, Sao Paulo, Brazil. The woods of slash and
loblolly pines werxe supplied through the courtesy of Union
Camp Corporation at Savannah, Georgia, U. S. A. The age
and type of forests from which the different woods were

obtained are summarized below:

Table 2. CHARACTERISTICS OF THE SAMPLED FORESTS

Type of Spacing Age of the Stand
Species Forest Between at the Time of
Stand Trees Harvesting
A. angustifolia natural random 15 to 20 years
distributed (estimated)
P. elliottii man-made 6.0X7.5 ft. 8 years
P. taeda man-made 6.5%X8.5 ft. 11 years
P. caribaea man-made 6.5X6.5 ft. 8 years
Slash pine man-made 9.0X10.0 f£t. 18 years
Loblolly pine man-made 6.0X8.0 ft. 16 years

2. Selection of the sample trees and
preparation of the wood

2.1. Sampling of the Brazilian Pinus species

Since the natural variations among different trees
and between trees of different stands are of great magnitude,

_the sampling of the pinewoods was_carried out in_accordance
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with the following procedure:

—~ the sampled stand had the average growth rate

for the species in the region,

— at the time of the thinning, five trees were
randomly taken for each replication of each
species. As the statistical analysis program
is based on five replications for each species,

25 trees were sampled for each species,

- the trees selected were of good form with regard

to straightness and absence of excess limbs.

These trees were cut into logs 6.5 ft. long from
the ground to a minimum diameter of 3 inches. Tops and
branches were discarded. The logs were then hand-debarked,
identified and later chipped in an industrial knife chipper.

The chips oktained from each group of 5 trees were
well mixed and a sample considered enough for the purpose
of the work was taken. Then, the chips were air-dried to
about 10% moisture content and screened to remove sawdust
and knots. The acceptable chips comprising each replication
were kept in poly-ethylene bags to prevent changes in
moisture content and stored in a cold room. The moisture

content of the chips was determined in replicate on
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approximately 200 g samples dried at lOSOC + 3% to

constant weight.

2.2, Sampling of Araucaria angustifolia

The chips of Araucarxia angustifolia were collected

directly from the raw material that is normally used for
the manufacture of unbleached kraft pulp by Olinkraft
Celulose e Papel Ltda., located at Lages, Santa Catarina,
Brazil. Five samples were obtained from the chip silos of
that mill. The procedure of drying, screening and storing

the materials was the same as that cited in item 2.1.

2.3. Sampling of slash and loklolly pines

These woods, supplied by Union Camp Corporation,
were represented by 5 debarked logs approximately 6 feet
long for each species. Each log was taken from an individual
tree at a random height. The wood was chipped using a
Carthage ten~knife chipper. After screening, the acceptable
chips were air-dried and stored in poly-ethylene bags in a
cold recom. Five samples of chips were taken for each species,

each one containing enough material for the purpose of the
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experiment. The moisture content of the chips was deter-

mined in the same way as cited in item 2.1.

3. Digtribution of chip size

The approximate distribution of chip size was found
by using a William's chip classifierx. The results of classi-

fication are presented in Tables 3 and 4.

Table 3. DISTRIBUTION OF CHIP SIZE OF THE BRAZILIAN WOODS

Percentage of Chips Retained on Screen Size

Species
1" 2n " o Z" 6 mesh < 6 mesh
A.angustifolia 2.2 15.5 25.6 1l.3 22.8 21.9 0.7
P.elliottii 11.0 32.9 25.1 11.2 10.7 8.8
P.taeda 10.2 26.9 27.1 9.5 15.3 10.9
P.caxrihaea 4.8 19.4 28.7 12.3 17.4 15.8

Table 4. DISTRIBUTION OF CHIP SIZE OF THE AMERICAN WOODS

Percentage of Chips Retained on Screen Size

Species

3 i)
l’é‘ n %u % " %u fé'" <I—6"
Slash pine 0.6 2.1 25.4 50.0 18.5 3.4

Loblolly pine 2.4 4.5 38.0 a4.7 9.7 0.7
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4. Wood properties

Physical and morphological tests and chemical
analyses were performed in order to compare the wood char-
acteristics of all species studied.

From each of the 30 plots (6 species, 5 replica-
tions/species) represented by chips stored in each of 30
poly—-ethylene bags, a representative subsample was taken.
For each of these subsamples, all of the tests which have
been cited in this chapter were performed.

Statistical analyses were performed upon the recorded
data, by application of the following tests:

—~ Cochran's test: test for equality of variances ,

- F test: test for significance of differences

between treatment effects,

- Tukey's test: test for comparisons between two

means.
Also, the variability of the data was expressed
by the coefficient of variation. All tests and analyses

were randomly per formed.
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4.1. Wocd fiber morphology

The relationship of the anatomical properties of
wood fibers to the strengths of the corresponding pulps has
been subject of considerable research during the last few
decades. With this in mind, the following fiber character-

istics were measured in this work:

- fiber length . . . . . . . . . . . . FL
— fiber width . « « « + « + v « « « . . W
-~ lumen diameter . . . . . . . . . . . LD
-~ cell wall thickness . . . . . - . . . CWT

In more recent years, more and more emphasis has
been placed on sophisticated measurements, expressed as
ratios beiween these fundamental dimensions. It was felt that
the calculation of some of these ratios could aid in the
explanation of pulp strength results, and also, could make
it possible to better identify these woods. The following
fiber dimension ratios considered important for papermaking
purposes (28,45,46,47,48,49,50) were determined:

~ felting coefficient (FC): ratio between fiber

Fi,

length and fibexr width FC = —
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- coefficient of flexibility (CF): ratio between
lumen diameter and fiber width, expressed as

percentage.
LD
CF = —/ X
F 100

-~ wall fraction (WF): xatio between cell wall

thickness and fiber radii, expressed in percentage.

CWT
= e X
WE /2 100

- fiker length/cell wall thickness ratio (L/C):

FL,
L/C = —
/ CWT
-~ Runken index (RI): ratio between twice the cell

wall thickness and the lumen diameter.

2 CWT

RI =
LD

- Mulsteph ratio (MR): ratio between the cell wall
area and the cross fiber area.

(FW)Z - (D)7
(Fw)®

MR =

- Boiler number (BN): expressed by the following
ratio (51):

(FW)Z - (LD)®
(FW)® + (ID)®

BN =

A representative amount of chips was randomly taken

from cach plot. The chips were split into small segments
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and then macerated in a solution of 1 part of hydrogen
peroxide, 5 parts of glacial acetic acid and 4 parts of
distilled water. Glass vials containing the wood segments

and the macerating solution were placed in an oven at

54°C * 2°C until the maceration was completed. Ten slides

per sample were prepared by mounting the fibers in a glycerine
gel (Kaiser's formula). Safranine stain was used; this

gives a red color in ryeacting with the lignin present in

the fibkers. PFiber dimensions of 10 fibers per slide were
determined by micro-projection. A total of 100 fibers were

randomly measured for each sample.

4. 2. Wood specific gravity

The specific gravity of unextracted wood chips was
determined by the maximum moisture content method, suggested
by Smith (52) and adapted by Foelkel and co-workers (53).
Specific gravity of extractive-free wood was calculated by
reducing the oven-dry weight of chips by the weight of the
alcohol-benzene extractive content of the corresponding

sample.
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4.3. Chemical analvses of the woods

Chemical properties were determined from approxi-
mately 200 g samples of chips randomly selected. The chips
were first ground in a Wiley mill. The sawdust obtained
was screened and classified into three different fractions
according to particle size:

- the fraction passing a 40-mesh scxeen,

- the fraction passing a 60-mesh screen,

— the fraction passing a 40-mesh screen and

retained on a 60-mesh screen.

The wood meals were then conditioned to eduilibrium
moisture content in a room maintained at a constant 50%
relative humidity and a temperature of 73°F, and finally
they were individually stored in plastic bags. The oven-dry
moisture content was carefully determined for each one of
these samples. Chemical determinations were performed in
duplicate and the average result was expressed as a percentage
of the weight of oven-dry wood. The following chemical

analyses were performed on the woods:




28

Table 5. CHEMICAL ANALYSES PERFORMED

Test Method

— Cold water solubility TAPPI Standard Typ-s9
— Hot water solubility TAPPI Standard Tip-5go
- 1% caustic soda solubility TAPPI Standard Tam-sgo
~ Alcohol-benzene solubility TAPPI Standard Tgmp-ss
~ Ether solubility TAPPL Standard Tsp_sg
- Lignin content ABCP  Standard M 10/71
- Cross and Bevan cellulose

content ABCP Standard M 9/71
- Pentosan.’” content TAPPI Standard Tigp_so
- Ash content ASTM Standard D 1102-56

TAPPI/Technical Association of the Pulp and Paper Industry
ABCP/ Associacao Brasileira de Celulose e Papel
ASTM/ American Society for Testing and Materials

PULPING
1. Process and cooking conditions

All woods were pulped by the kraft process to two
different ranges of permanganate numbers: one between
16 - 18, to represent pulps prepared in the bleachable
category, and the other between 25 - 30, to represent
unkleachable grades. This means that two samples of each

wood were pulped for a total of 60 cooks representing the

scope of the investigation.
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The following cooking conditions were found re ces-

COOKING CONDITIONS

sary in order to oktain the specified permanganate numbers:

Pulping of the
Brazilian Woods

Pulping of the
American Woods

ratio

Cooking Variables Bleachable Unbleach-~ Bleachable Unkleach-
Grade able Grade able
Grade Grade

Active alkali 20% 19% 20% 199%
{(based on oven-
dry wood)
Sulfidity 25% 25% 25% 25%
Activity 88% 88% 88% 88%
Maximum 170°¢ 165°C 175% 170°¢
temperature
Time to maximum 2.0 hrs. 1.5 hrs. 2.0 hrs. 1.5 hrs.
temperature
Total cooking 3.5 hrs. 3.0 hrs. 3.5 hrs 3.0 hrs
time
Ligquor-to-wood 4:1 4:1 4:1 4:1

Sodium carbonate was added to the cooking ligquor to
simulate mill conditions. The amount added was calculated

taking the activity of the liquor equal to 88%.

NaCH + Na-=5

X 100
NaQOH + NaxS + NapCOs

Activity (%)

all chemicals expressed as Naz0O.




30

2. Liguor preparation

Solutions of technical grade NaCH, Na-S and Nap COa
were prepared at concentrations of approximately 100 grams
per liter as Na.0O and were maintained in plastic carboys to
be used as reduired. The solutions were periodically
restandardized to avoid errors due to liquor degradation.
The cooking liduor was prepared just hefore cooking, by
adding the required amounts of the stock solutions and
diluting with water to achieve the specified liquor-to-wood

ratio. The water present in the wood was taken into acoount.

3. Cooking procedure

3.1. Cooking of the Brazilian woods

All of the 40 cooks performed in Brazil were done
in a 20 liter stainless steel electrically-heated tumbling
digester. The edquivalent of 500 grams, on an oven-dry

basis, was charged to the digester for each cook.

3.2. Cocking of the American woods

A 1.5 cu. ft. capacity digester with indirect heating

and forced circulation was used to obtain the 20 reduired
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cooks for the American woods. The equivalent of 3,000
grams, on an oven-dry basis, was charged to the digester

for each cock.

4. Pulp processing

4.1. Washing

At the end of all cooks the digester was relieved
to atmospheric pressure and the chips were dumped into a
screen bhox which had a 100-mesh screen bobttom. The chips
were washed with warm water until the effluent attained

a uniform low color.

4.2. Defibering

After washing, the chips from the cooks performed
in Brazil {(cooks number 1 to 40) were defibered in a
laboratory disintegrator operating at 3000 r.p.m., over a
pericd of 10 minutes. The chips from the cooks performed
in the U. 8. &A. (cooks number 41 to 60) were defibered in

a laboratory hydrapulper for 10 minutes.
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4. 3. Screening

The defibered materials from coocks 1 to 40 were
screened through a 0.5 mm cut flat fiber classifier of the
BH 6/12 Bretch and Holl model. Those from cooks 41 to 60
were screened on a laboratory vibrating flat screen with
slits 0.0l inch wide. The screenings were collected and

oven-dried at 105°%¢ * 3% to constant weight.

4.4. Pressing or centrifuging

The screened pulps from coocks 1 to 40 (corresponding
pulp numbers 1 to 40) were pressed by means of a wooden box
press having a 100-mesh screen in the bottom.

Pulps from cooks 41 to 60 (corresponding pulp numbers
41 to 60) were centrifuged in a Sharples 20 Cyclone centrifuge

for 15 minutes.

4.5, Crumbling and storing

The screened pulps {(consistency ca. 30%) were shredded

and stored in plastic bags in a cold room (temperature

o]
ca. 5 C).
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4.6. Pulp vield and permanganate number determinations

The consistency was measured by oven-drying a repre-
sentative sample of pulp to constant weight. Having
ascertained the consistency and oven-dry weight of rejects,
both total and screened yields and reject content were
determined. Total yield, screened yield and reject content
were expressed on two different bases: percent of oven-dry
wood and percent of oven-dry extractive-free wood. The
residual extractive content in the pulps was considered
negligible for the second basis. Also, for the yvield calcu-
lations, the weight of wood free from the alcohol-benzene
extractives was used. The permanganate number (K Number)
of the washed and screened pulp was determined according

to TAPPI S-tandard Tzlém_f,o.

PULP TESTING

Physical evaluation of all 60 pulps was carried out.

1. Beating

Beating of pulps 1 to 40 was performed in a

Jokro-Muhle laboratory mill, according to the method
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Merkblatt V/105 of the Verein der Zellstoff und Papier,
Chemiker und Ingenieure (V.Z.P.C.I.). Pulps number 41 to 60
were processed in a Valley laboratory beater according to
TAPPI Standard Tzgotg-ss. During the operation, samples were
obtained at seven different beating times, including 0 time.
These samples were used for freeness or slowness determina-
tions and for making handsheets. The slowness of pulps 1 to
40 was determined as Schopper-Riegler degrees according to
V.P.Z.C.I. method Merkblatt V/107. Using a conversion

table (54), the Schopper-Riegler degrees were reexpressed
approximately as eduivalent freeness. The freeness of pulps

41 to 60 was determined according to TAPPI Standard Tazs,;m-sg-
2. Handsheet making

Seven handsheets were made for each of the samples
taken during the beating operation. For sheet formation
and drying a FS S$/2 Rapid-Koethen apparatus was used for the
pulps numbker 1 to 40. The method used was in accordance
to V.Z.,P.C.I. method Merkblatt V/108. The formation of
handsheets for pulps number 41 to 60 was done in accordance

to TAPPI Standard Togosp-5a-
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3. Physical testing of handsheets

Physical properties of all pulps were carried out
according to TAPPI Standard Tzzom-so- DPata were recorded
or calculated for the following pulp properties:

— beating time, expressed in minutes

-~ freeness, expressed in ml.

-~ basis weight, expressed in g/m"

- tensile strength, expressed as breaking length,

in meters.
- stretch, expressed as percentage of stretch
~ bursting strength, expressed as burst factorx
- internal tearing strength, expressed as tear factor
~ thickness, expressed in microns
- apparent density, expressed in g/cc

-- bulk, expressed in cc/qg.




RESULTS AND DISCUSSION

1. Experimental design

Statistical analyses were performed to test the
properties under investigation.

The application of statistical analysis to experi-
mental data which are expressed in percentages has been
the subject of many studies over a long period. One of
the basic assumptions in the use of analysis of variance is
that the errors of the several variables which comprise the
experiment are independently and normally distributed with
the same variance. Independence among the observations is
necessary to assure unbiased inferences (55).

There are certain types of data which vary in such
a way that the assumptions of independence and normality
are not fulfilled. These data require special transforma-
tions for the application of analysis of variance. Sometimes,
the analysis of variance of certain types of data which are
expressed in percentages will be more soundly based when an

angular, a sduare-root or a logarithmic transformation is used.
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However, the generalization that all data expressed
in percentages must be transformed is also not wvalid.
Clark and Leonard (56} reported the following classification
of types of percentages:

"First, continuous data resulting fram an experimental
study may be expressed as percentages when each
variate is divided by an arbitrary constant value,
whereby each variate becomes a percentage of some
standard or average. Clearly such a procedure
merely transforms the unit of measurement. Per-
centages of this type should be treated statistically
exactly as if the data were in their raw form. For
example, yield data might be expressed in percentage
of the check instead of actual yield in pounds.
Second, continuous data are often expressed in per-
centages to show concentrations because a comparison
of concentration is the principal objective of the
study. This type of percentage is very common.

Some examples are: seed purity given by weight of
pure seed/ total weight of seed; leafiness given
by leaf weight/ total plant weight; protein content
given by weight of protein/ total weight; sugar
content given by weight of sugar / weight of root.
Such concentrations should not, as a rule, be
subjected to any transformation to equalize the
variance."

In this work, the data expressed in percentages
fall in one of the two kinds of percentages cited above.
Thus, no special transformation was applied to the data,
which were analyzed in their raw form. Nevertheless,

the assumption of equal variance for each of the treatments
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was tested by Cochran's statistic. The non-significance
of Cochran's ratio in all cases means that no significant
difference was found between poputation variances and , as a
consedquence, these variances could be treated as being
equal. The 5% level of significance was considered satis-
factory for the purposes cof this investigation.

The following notation appears in the course of

presentation of the data, and the meaning is as follows:

g = statistically significant at the 5% level

il

ns statistically not-significant at the 5% level

2. Wood characteristics

In this study, various characteristics of young
wood of three species of pines were determined. Comparisons
were drawn between the properties of these woods and those
from other mature woods. The experimental data were
statistically analyrzed according to the following tests:
Cochran'!s, F and Tukey's tests. The significance of the
F ratio means that, with regard to the wood property under

examination, at least one of the species has a value
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significantly different from the overall population mean
for that property, at the 5% level of significance.

Comparison between two treatment means is provided
by Tukey's test. When the difference between two sample
means exceeds the minimum significant difference (or critical
difference), the treatment s are different at the predetermined
level of significance.

The results of the determination of wood character-
istics are given in Tables B-1 to B-22, in Appendix B.

The only four properties found not to be statisti-
cally different in all six woods were: cold and hot water
solubility, ether solubility and ash content. All othex
wood properties showed at least one significant difference
between means.

The young thinned Brazilian pinewoods showed
significantly shorter fikers, lower specific gravity,
higher pentosan content and lower cellulose content, when
compared to the Araucaria angqustifolia wood.

Among the young Brazilian pinewoods, the fibers of

Pinus caribaea turned out to be longer, wider and thicker:
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its wood was denser, its alcohol-benzene solubility and
cellulose content were lower and its pentosan and lignin
content were higler. These properties are well correlated
with pulp yield and strength, so that its behavior in pro-
ducing pulps will probakly be different from the other
young pinewocods.

Among the Brazilian woods, that from Araucaria

angustifolia showed longer and thicker-walled fikers,

higher specific gravity and cellulose content and relatively
low alcochol-benzene solubility and lignin content.

On the American side, the wood of slash pine had
significantly longer and thicker-walled fibers, higher
specific gravity, lower pentosan content and somewhat
higher cellulose content, when compared to the wood of
loblolly pine.

Further considerations on this subject are discussed
in a later section along with the results of the evaluation

of pulp properties.
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3. Pulp properties

As was stated before, this work deals with the
study of three species of Brazilian pines, two of American

ones and Araucaria angqustifolia, each pulped to two differ-

ent intervals of permanganate number. As procedures and
instruments used to pulp the wood and test the pulp strength
in Brazil differed from those used in the U. S. A., each of
the two collected sets of data for pulp propeérties are
separately analyzed.

Permanganate numbers, pulp yields andrmeject content
for all pulps are presented in Tables C-1 to C-14, in
Appendix C.

The statistical analyses involve two distinct
factorial experiments: one with 4 species and 2 intervals
of permanganate number (comprising treatments 1 to 8) and
the other with 2 species and two intervals of permanganate
number (treatments 9 to 12). All treatments had 5
replications.

The results of the evaluation of all 60 pulps are

presented in Appencix D.
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3.1. Adiusting pulp properties to a
constant handsheet density

The pulp properties studied in this work were com-
pared at the same handsheet density. The pulp property
data obktained from beating the pulps to seven different
times were plotted against the corresponding sheet density
values. The relationship between pulp strength properties
and handsheet density was linear. Therefore, it was decided
to apply linear regression equations to relate handsheet
density to the pulp properties which were being studied.
The regression analyses were made with a C.D.C. - 3200
computer with 32 K words of memory, using the BMDO-2R
program.

The regression equations were of the form

Y=a+b- X
where

Y : pulp property (e.g., breaking length, stretch,

burst factor or tear factor)
a and b : regression coefficients
X : handsheet density in g/cc

The significance of the linear regression edquations




43

obtained were tested by the F test at the 5% level. When
the F ratic exceeded the 5% level of significance, the
equation was considered to explain satisfactorily the
relationship between the pulp property and handsheet
density. As a non-significant regression line could not

be effective in predicting the pulp property as a function
of handsheet density, a graphical determination was made in
those cases. The values which were graphically obtained
are identified by an asterisk in the corresponding tables.

In most cases, the edquations were shown to account
for more than 95% of the variation in the data. This per-
centage is obtained by squaring the correlation coefficient
R and multiplying by 100.

The majority of equations were obtained from 7
points, which gives 5 degrees of freedom (DF} for the
residual. Howewver, the tear factor of treatments 2 and 10
did not follow a linear relationship with handsheet density
when the value for the unbeaten pulp was included. As the
first time of sampling after 0 minutes always gave a density

below 0.600 g/cc for these two treatments, 6 points were
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used to fit the regression line. This gives 4 degrees of
freedom for the residual in the analysis.

A handsheet density of 0.600 g/cc was selected as
the basis for comparing the pulp properties. From the
regression equations, estimated values at a constant hand-
sheet density of 0.600 g/cc were obtained for breaking
length, stretch, burst factor and tear factor.

Although beating time had shown an approximately
linear relationship with handsheet density, the estimated
values for 0.600 g/cc sheet density were generally higher
than the experimental ones. Because of this, the beating
time required to achieve a handsheet density of 0.600 g/cc
was graphically estimated for all treatments.

The estimated values so obtained were used in the
statistical analysis of the pulp properties. The results
of the regression analyses which were developed are shown
in Appendix E. Estimated pulp properties at a constant
handsheet density of 0.600 g/cc for both bleachable and
unbleachable grade pulps are presented in Tables F-1 to

F-10, in Appendix F.
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3.2. Establishment of relationships
between wood and pulp properties

Although it was not within the scope of this investi-
gation, further use of the available data was made by
computing several correlation matrices. A C.D.C. - 3200
computer with 32 K words of memory was used for obtaining
the correlation coefficients between wood and pulp properties.

For wood properties, three distinct sets of data
were computerized:

~ those obtained from the four Brazilian species

(20 observations)

— those obtained from the two American species

(10 observations)

— those obtained from all six species together

(30 observations)

Thus, three matrices are provided in Appendix J, so
the reader may perform his own analysis and reach his own
conclusions.

The correlations between pulp properties and wood
properties were calculated from 4 sets of data and 4 reduced

correlation matrices (i.e., containing only the wvariables
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of interest) are shown in Appendix J. The 4 sets of data
which were separately analyzed were:

set a: relating kleachable grade pulp properties
to wood properties for the 4 species of

Brazilian woods (20 observations)

set b: relating bleachable grade pulp properties
to wood properties for the 2 species of

American woods (10 observations)

set c¢: relating unbleachable grade pulp properties
to wood properties for the 4 species of

Brazilian woods (20 ohservations)

set d: relating unbleachable grade pulp properties
to wood properties for the 2 species of

Amer ican woods (10 observations)
The pulp strength data which were used in calculating
the correlation coefficients were those estimated at a
constant handsheet density of 0.600 g/cc.
The notation, which appears below and also in

Appendix J, was used in tle presentation of the matrices:
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Table 7. NOTATION USED IN THE PRESENTATION OF THE MATRICES

FL = unbroken fiber length
FW = fiber width
LD = Jumen diameter

CAT = ¢ell wall thickness
S5G = unextracted specific gravity

ESG = extracted specific gravity

FC = felting coefficient of the fibers
CF = coefficient of flexibility of the fibers
WF = wall fraction of the fibers

L/C = fiber length/cell wall thickness ratio

RI = Runkel index
MR = Mulsteph ratio
BN = Boiler number

CWS = ¢old water solubility of the woods
HWS = hot water solubility of the woods
CSS = 1% caustic scda solubility of the woods

ABS = alcochol-benzene solubkility of the woods

ES = ether solubility of the woods
PC = pentosans content of the woods
LC = 1lignin content of the woods

CBC = Cross and Bevan cellulose content of the woods

AC = ash content of the woods

PN = permanganate numbker of the pulps

TY = total pulp yvield (oven-dry wood basis)

SY = screened pulp vield (oven-dry wood basis)

RC = rejects content (oven-dry wood basis)
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Table 7-—-Continued

ETY = total pulp yield (oven-dry extractive-free wopd
basis)

ESY = screened pulp yield (oven-dry extractive~free
wood basis)

ERC = reject content (oven-dry extractive-free wood basis)

BT = estimated beating time to achieve 0.600 g/cc sheet
density
BL = estimated breaking length at a constant sheet

density of 0.600 g/cc

S = estimated stretch at a constant sheet density of
0. 600 g/cc
BF = estimated burst factor at a constant sheet density

of 0.600 g/cc
TF = estimated tear factor at a constant sheet density

of 0.600 g/cc

By consulting the matrices, the reader is able to

find the relationship ketween each pair of properxrties which
were studied. Thus, to answer the duestion as to how two
different variables are related, the reader should choose
the pertinent matrix and look for the position where the
row that represents one particular variable intersects the

column that represents the other. The value which is found
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will indicate the correlation coefficient between these

two properties, with a linear relationship assumed to hold
between them. A negative number means a reverse relation-
ship between the variables. To obtain the percentage of the
variation of one variable which is accounted for by the other,
the coefficient must be squared and multiplied by 100.
Example: For the Brazilian woods (see Table J-2, in
Appendix J), the unextracted specific gravity had a corre-
lation coefficient of 0.50 with cell wall thickness. This
means that there is a positive proportionality hetween

these two variables and that the unextracted specific
gravity is dependent to the extent of 25% upon the cell

wall thickness of the wood fibers, in this particular
situation. As correlation coefficients higher than 0.444
are significant at the 5% level, the influence of cell wall

thickness on unextracted specific gravity was reported as

statistically significant.

3.3. Statistical analyses of the pulp properties

Statistical analyses were per formed separately on

the data collected from Brazilian and American woods. The
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influences of species and permanganate number on the pulp
properties were tested in both cases. This simultaneous
investigation was made possible by the use of factorial
experiment designs. Factorial experiments also involve an
important concept known as interactions. In this work,

the relationship between species and permanganate number
was studied. The presence of interaction between these

two variakles means that the species do have a different
behavior in the two intervals of permanganate regarding the

pulp property under examination.
3.3.1. Pulps obtained from the Brazilian woods

The experimental project followed a factorial
design 4 X 2 for species and permanganate number.

Total and screened yields, beating time, breaking
length, stretch, burst factor and tear factor were the pulp
properties subjected to statistical analyses. Statistical
analyses were not performed on the data obtained for reject
content due to their excessive variation. However, a table
displaying averages for species and intervals of permanganate

number is provided in Appendix I.
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The influence of each variable of the factorial
experiment can be obsexved by the analysis of the tables

provided in Appendix G.
3.3.2. Pulps obtained from the American woods

The experimental project followed a factorial design
2% for species and intervals of permanganate number. The
same procedure as 3.3.1. was followed for these analyses.

The tabkles in Appendix H show the influence of the

variables under consideration on the pulp properties.

The conclusions which were drawn in this work are
not to be construed as generalized results for the investi-
gated species under all pulping conditions or in all
environments. They are valid specifically only for the
materials which were studied in this research. Therefore,
they may be considered rough estimates of the pulping

characteristics of these species as grown in the areas from
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which they were sampled. It should also be realized that
if comparisons of pulp strength properties were made on
the basis of another handsheet density, the conclusions

could be altered to some extent.

4. Influence of species

4.1. Pulp vields

The two wood properties that have the greatest
influence on pulp yield are specific gravity and cellulose
content (57). There is evidence that pulps of higher yield
are obtained from wood of higher specific gravity and
cellulose content. Lignin content is also closely related to
pulp yield. Extractives have only a minor effect on yield
(57). Therefore, a higher extractive content is sometimes
desirable to produce a substantial increase in the quantity

of valuable by-products such as tall oil and turpentine.
4.1.1. Pulps obtained from the Brazilian woods

Araucaria angustifolia showed higher pulp yields
either on oven-dry wood and extractive~free oven-dry wood

bases. This outcome may be explained by the hicher specific
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gravity and cellulose content and the somewhat lower lignin
content of its wood. Since it indirectly affects the
specific gravity, the cell wall thickness of the fibers
probably also contributed to these high yields. According
to Byrd et al. (48), the Runkel index has a positive corre-
lation with pulp yield. The significantly higher Runkel

index for the fibers of Araucaria angustifolia may also

explain its higher pulp yields.

When the yields of pulps obtained from the young
thinned pinewoods were compared by Tukey'!'s test, no signifi-
cant differences were found among them. As a result, these
differences are reported as due to experimental error.

This is an important consideration if one has in mind that
economics is the principal limitation in the use of this
kind of wood. These woods do produce a pulp with lower

yield than Araucaria angustifolia even excluding the effect

of extractives, but they do not differ in yield among

themselves.
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4,1.2. Pulps obtained from the American woods

A very significant effect of species was ohserved
in this case. Woods from slash pine always produced pulps
with higher yields than those from loblolly pine. This also
can be attributed to the higher specific gravity, cellulose

content and Runkel index of the slash pine fibers.

4. 2. Reject content

The wood properties reported as influencing strongly
the reject content of the corresponding pulps are (49):
chip moisture content (,)* and specific gravity (+). There
is some indication that the coefficient of flexibility has
also influence on reject content (49), but this evidence is
not clear. It is assumed that this ratio would be a measure,
perhaps, of the efficiency of liquor penetration into the
chips. Extractive content has only a slight effect on reject

content. (49).
4.2.1. Pulps obtained from the Brazilian woods

Araucaria angustifolia, Pinus elliottii and Pinus

taeda gave pulps with approximately equal reject content.

*
The sign conventions are used in the following
sense: (+) positive correlation; (-} negative correlation.
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However, Pinus caribaea showed a high value for this property.

The exact reason for this is not evident. The higher lignin
content of its wood, perhaps reflecting a high percentage

of compression woocd is a possikle explanation.
4.2.2. Pulps cbtained from the American woods

The influence of species is also evident here.
Loblolly pine was consistently reported to give pulps with

higher reject content at the same permanganate number.

4. 3. Beating time

This property is not easily explained in terms of
wood characteristics. The properties commonly referred to as
having influence on beating time are: moisture content of
chips (+), specific gravity (-) and cell wall thickness (-)
(49); fiber length (+), lumen diameter (+), compression
wood content (+) and Runkel index {(-) (58), and felting

coefficient (~) (59).

4.3.1. Pulps obtained from the Brazilian woods

The influence of species was reported as significant

on the basis of the analysis of variance. When the contrasts




between means were tested by Tukey!s test, the pulp from

Arzucaria angqustifolia and Pinus caribaca were shown to

require longer beating time than the pulps from the other
two spacies to achieve the specified handshest density.

Pinus elliotti and Pinus tzeda gave pulps which were more

easily beaten, so that they would require less power during
the beating operation. The difficulty of beating Araucaria

anqustifolia pulps is a well known characteristic (30).

Based on the wood characteristics data, the proper
explanation of these results is not clear. It is believed
that the high compression wood possessed by the wood of

Arauvcaria angustifolia is the principal reason for the long

beating time. Fiber length is another property that could

he rasponsible for this characteristic. Pinus caribaea,

probably because of its high lumen diameter and lignin con-
tent and somawhat low Runkel index, showed the same propesrty

as Avaucaria angustifolia.

4.3.2. Pulps obtained from the American woods

Slash pinc pulps were shown to redquire significantly

longer beating time than loblolly pine pulps. Here again,
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the effects of each individual wood characteristic are not
clear. One might assume that the higher Runkel index and
fiber length would be the reason for this behavior. Other-
wise, beating time seems to be affected by other wood

characterxistics in a more complex pattern.

4.4, Breaking length

Breaking length is one of the more important and
frequently studied paper properties. Its relationship with
wood characteristics has been largely investigated and
major effects have been shown to be comnected with the
following variables: cell wall thickness (-}, coefficient
of flexibility (+), summerwood percentage (-) and specific
gravity (-) (49):; lumen diameter (+) and Runkel index (-)
(48) ; fiber length/cell wall thickness ratio (+) (46);

and Mulsteph ratio (-) (50).
4.4.1. Pulps obtained from the Brazilian woods

Among the pulps obtained from the Brazilian woods,
Pinus caribaea was shown to produce pulps with significantly

higher breaking length than the others. No statistically
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significant differences were observed for the other three

species. Regarding this property, Pinus elliottii and

Pinus taeda showed very similar results and Araucaria

angustifolia had the lower value. The comparatively high
result for Pinus caribaea could be explained by its high
lumen diameter, coefficient of flexibility and fiber length/
cell wall thickness ratio, and furthermore by its low Runkel
index and Mulsteph ratioc. The low result for the longer-

fibered species Araucaria anqustifolia may be a consadquence

of its thicker-walled fibers, high specific gravity and high

Mulsteph ratio and Runkel index.
4.4.2. Pulps obtained from the American woods

The pulps obtained from the wood of slash pine
showed significantly higher breaking length than those from
loblolly pine. In this case, the results which were obtained
could not be satisfactorily explained by the characteristics

of the woods.

4.5. Stretch
Very little information is found in the literature

about the causes of variation in strxetch. It is a property
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highly dependent on the handsheet making procedure, because
fibers have the akility to shrink during drying. Bawagan
(50) reported the influence of the following factors on
stretch: fiber length (+), curling of fibers (+), micellar

angle (+) and coefficient of flexibility (+).

4.5.1. Pulps obtained from the Brazilian woods

All four species were reported to be different one
from another, as far as stretch was concerned. They were

ranked as follows: Pinus taeda, Pinus elliottii, Pinus

caribaeca and Araucaria angustifolia. This reflects a

negative effect from fiber length instead of a direct
proportionality as claimed by Bawagan (50). Also, the
coefficient of flexibility was of no help in explaining

the results.
4,5.2. Pulps obtained from the American woods

Here also, the longer-fibered species gave pulps
with lower stretch. Slash pine pulps were significantly
poorer than those from loblolly pine when stretch was the

property under investigation.
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4.6. Burst factor

The following wood properties are considered to
affect burst strength: cell wall thickness (-) and fiber
length (+) (49); specific gravity (~) and summerwood content
(+) (60); lumen diameter {(+), Runkel index (-) and coeffi-
cient of flexibility (+) (58); and fiber length/cell wall
thickness ratio (+) (46). The effect of fiber length is
not consistent. Barefoot et al. (58) reported a negative

correlation between burst strength and fiber length.

4.6.1. Pulps obtained from the Brazilian woods

Araucaria angustifolia gave pulps with significantly

lower burst factor than each of the other three species
studied, but no significant differences were found among
the young pinewocd pulps. The same trend was also found

for breaking length, although statistically only Pinus

caribaea had significantly higher tensile strength. This

outcome agrees with the findings of Kirk et al. (16), who
reported high burst and tensile strengths for juvenile wood
pulps, as a consequence of the better fiker bonding

achieved with the flexible young fibers. The low burst
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strength found for the pulps of Araucaria anqustifolia is

pProkbably an effect of its thick~walled fibers, high specific
gravity, Runkel index and fibker length/cell wall thickness

ratio and low coecfficient of flexibility.
4.6.2. Pulps obtained from the American woods

Slash pine pulps were shown to he superior to those
from loblolly pine in terms of burst strength. Similarly
to the case with breaking length, the results for burst
factor could not be Satisfactorily explained in terms of

wood characteristics.

4.7. Tear factor

The importance of this property to pulp evaluation
studies has caused it to be a very highly investigated
parameter. Several wood characteristics are considered to
affect tear strength: specific gravity (+), percent of
summerwood fibers {(+), cell wall thickness (+), Runkel index
(+) and fiber length (+) (58); and lumen diameter (-) (48).
Fiker flexibility has also been shown to be desirable, par-

ticularly when ccombined with thick cell walls and long
fibcrs (58).
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4.7.1. Pulps obtained from the Brazilian woods

Araucaria angustifolia gave pulps with the highest

tear factor, which can be easily explained by the above
cited wood characteristics. Pinus elliottii showed the

poorest pulps and Pinus caribaea and Pinus taeda did not

differ on the basis of this proper ty. The very low specific
gravity of the wood of Pinus elliottii, reflecting its immature

wood fibers, was probably the main reason for this low result.

4.7.2. Pulps obtained from the American woods

Although the contrast of means for tear factor
between slash and loblolly pine pulps did not seem too great,
it was shown to bhe significant at the 5% level. Loblolly
pine produced pulps with higher tear factor than slash pine.

The same species growing in Brazil (Pinus taeda) also gave

pulps with relatively high tear factor--greater than that

from Pinus elliottii. The finding of good tear strength

for Pinus taeda pulps agrees with the results of a mill

trial carried out by Svinakevicius (30) in Brazil.
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5. Influence of permanganate number

The influence of the lignin present in pulps,
expressed as lignin content or as some other measurement
used for control purposes, is well known to affect the
pulp properties. However, the relationship between each
pulp property and the quantity of lignin is not well
defined. Generally, it is accepted that the strength of
the unbleached pulp decreases by increasing its lignin
content (61,62). However, each kind of rulp has its own
pattern of relationships between strength properties and
lignin content, because of the many factors which are
involved in the expression of this relationship. Some
pulps show a slight increase in some strength properties
with an increase in lignin content. Eventually, when the
lignin contained in the pulp reaches a limiting point, the
strength starts to drop rapidly (63). Pulp vields are the
only properties concerning which most investigators tend
to be in agreement. Total yield has a linear relationship
either with Kappa number (64) or bpermanganate number (65,66).

Screened yield increases up to a maximum and then starts
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to drop because of the rapid increase in reject content

of the pulps (66,67).

5.1. Pulps obtained from the Brazilian woods

Both total and screened vields exhibited a signifi-
cant increase with an increasing permanganate number, either
on the oven-dry wood basis or on the oven-dry extractive-free
basis. As far as reject contents are concerned, it was also
found that their values increased when the permanganate
number rose.

The results of the pulping evaluation and statistcal
analyses showed that, when comparisons were made at a constant
handsheet density of 0.600 g/cc, the permanganate number had
a positive influence on beating time, breaking length and
burst factor and a negative influence on tear factor. Despite
the variation in stretch, the analysis of variance did not

show it to be significant.

5.2. Pulps obhtained from the American woods

The effect of permanganate number was found to be

positive as it applied to pulp yields, reject content,
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beating time, stretch and burst factor. A negative effect
was reported for tear factor. The non-significant effect
for breaking length was accounted for by a complete reversal
interaction between species and K Number. At the same time,
the breaking length increased with permanganate number for
the pulps from loklolly pine, and decreased for the pulps

made from slash pine.

6. Interactions between species and K Number

Interactions may be described as differential
responses. The significance of the mean square for inter—
action in the analysis of variance would indicate whether or
not the species behaved in a similar manner at each interval
or K Number. If the effect of interaction is reported as
significant, two kinds of differential responses might provide

an explanation: complete reversal interaction--in this case,

the results for the property under investigation increase
for one species from the lower to the higher interval of K

Number and decrease for another; change—in-rate interaction—-

in this case, the rate of increase {or decrease) in a par-—

ticular property due to K Number is greater for one spacies
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than for another.

6.1. Pulps obktained from the Brazilian woods

Significant effects of interaction were found for
total yield (percent of oven-dry wood), beating time and
breaking length. Tables C-3 and C-4 (Appendix C), F-1 and
F-2, and F-3 and F-4 (Appendix F), indicate the differential
behavior of the species in each interval of bermanganate
number. It can be seen that the species are ranked differ—
ently for each grade of pulp.

Removal of the effect of wood extractives on total
pulp yield reduced the mean square for interaction and

eliminated the differential behavior of the species.

6.2. Pulps obtained from the American woods

Significant effects of interaction were found for
screened yield (percent of oven-dry wood), breaking length
and burst factor. Likewise, by expressing screened yield
on an exXtractive-free wood basis the differential response

of the species was eliminated.




SUMMARY AND CONCLUSIONS

The purpose of this work was to compare wocd char-
acteristics and properties of the pulps obkbtained from
several wood species, four of them growing in Brazil and
two in the U. S. A. The four Brazilian rulpwoods, namely

Araucaria angustifolia, Pinus elliottii var. elliottii,

Pinus taeda and Pinus caribaea vaxr hondurensis ; wWere sampled,

analyzed, pulped and tested in that country. The two

American pulpwoods, Pinus elliottii var. elliottii (slash

pine) and Pinus taeda (loblolly pine) were studied in the

U. S. A. Fiber measurements, chemical analyses and specific
gravity determinations were performed on all samples. The
three species of the genus Pinus from Brazil were young
thinned woods and had a large juvenile wood component.

The woods were pulped by the kraft process to two
different intervals of permanganate number: 16 to 18 and
25 to 30. The objective was to compare pulps of edquivalent

lignin contents in each interval.
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The young Brazilian pinewoods were characterized
by short fibers, low specific gravity and cellulose content,

and high pentosan content. Araucaria angustifolia turned

out to have long and thick-walled fibers, high specific
gravity and cellulose content, and somewhat low alcochol-
benzene solubility and lignin content. The wood of the
American slash pine had leonger and thicker-walled fibers,
higher specific gravity and lower pentosan content when
compared to the wood of loblolly pine.

The pulps obtained from Araucarxia angustifolia showed
high tear strength but low burst and tensile strength.
However, the young Brazilian pinewoods produced pulps with
relatively high tensile and burst strength. Tear strength

was low for Pinus elliottii and Pinus caribaea but high for

Pinus taeda. Pinus caribaea pulps had high breaking length

and burst factor and redquired a longer beating time to
achieve a given handsheet density. The same trend regarding

beating time was observed for Araucaria angustifolia pulps.

Shorter—-fibered species produced pulps with higher percentage

stretch.
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The main objection to the use of the pulps obtained
from the young thinned Brazilian woods was the low pulp
yleld. This important feature leads to an economic pProblem
in using these woods for manufacturing some grades of paper.
However, this work demonstrates that kraft pulps from these
woods have acceptable strength properties. If wood short—
ages become more severe, they may be used.

The two American southern pine species which were
studied gave very strong pulps, but low yields. Comparing
the two species, slash pine pulps had higher yields, break-
ing lengths and burst factors, while loblolly pine pulps
showed higher tear strength and stretch and were more easily
refined.

The effect of K Number on pulp properties and
interaction between species and K Number were also success—
fully isolated and analyzed. For all species, pulp yvields,
beating time and burst factor increased significantly as a
consedquence of the increase in the X Number in the ranges
which were studied, but the tear factor decreased. Among

the Brazilian raw materials, significant effects of inter-

action between species and K Number were found for total
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yield (percent of oven-dry wood}, beating time and breaking

length. For the American woods, these effects were reported

for screened yield (percent of oven-dry wood), breaking

length and burst factor.
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APPENDIX A

PROPERTIES OF THE WOODS STUDIED AS REPORTED BY

YARIOUS INVESTIGATORS




Table A-1 COMPARISON OF WOOD

TREES, TOPWOCD AND

PINE, ACCORDING TO

79

PROPERTIES OF YOUNG

MATURE WOOD OF LOBLOLLY

ZOBEL (17)

Mature Trees
Wood Propert ll-Year- Mature Trees (merchantable
P ¥ 01d Trees (topwood only) wood, juvenile
wood _excluded)
Specific gravity 0.42 0.41 0.48
Tracheid length 2.98 3.59 4.28
{mm. )}
Cell wall thickness 3.88 6.72 8.04
()
Cell diameter 50. 01 45, 91 48.86

()

Takle A-2, SPECIFIC GRAVITY AND EXTRACTIVE CONTENT FOR

JUVENILE AND MATURE WOOD OF LOBLOLLY PINE,

ACCORDING TO GILMORE AND PEARSON (18)

Height of Tree
Above Ground

Average Specific Gravity Extractives (%)

Where Sample Was

J
Taken (ft.) M g " M
5 .490 .551 .434 .540 12.8 2.0
15 437 .463 .417 .462 4.6
25 .526 .500 .462 .486 13.8 2.7
J = juvenile wood

It

mature wood
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Table A-3. CHEMICAL ANALVYSES OF THE WOOD OF 8-YEAR-OLD
Pinus elliottii GROWING IN BRAZIL, ACCORDING

TO REDKO AND GUIMARAES (19)

Just—harvested 6-Month Stored Chips

Constituent Wood (%) (%)
Cross & Bevan
Cellulose content 55.5 58.1
Lignin content 26.6 28.5
Pentosan content 7.1 8.3
Ash content 0.3 -
Solubility in

1% NaOH 16.9 11.4
Cold water 1.8 1.2
Hot water 3.8 3.4
Alcohol~-kenzene 6.7 2.6

Table A-4. PROPERTIES OF SOUTHERN PINE PULPWOCD ACCORDING
TO KLEPPE (20)

Properties Range Most Fredquent Range
Specific gravity 0.38-0.75 0.42-0.55
Lignin content (%) 24-30 26-29
Extractive content 2-10 2.5 - 4.5

(%)
Fiber length (mm) 2.0 - 5.5 2.5 - 4.5
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Table A-5. PROPERTIES OF THE TROPICAL WOOD OF Pinus
caribaeca FROM VENEZUELA, ACCORDING TO
FAIREST (21)

Age of the Wood

Properties
5 Years 10 Years 14 Years 17 ¥Years
Fiber length (mm) 2.54 3.12 3.69 4.12
Fiber width (u) 38.1 48. 2 49. 3 37.4
Lumen diameter (W) 25.5 37.2 34.2 25.4
Cell wall
thickness () 6.3 5.5 7.5 7.5
Cellulose content
(%) 48. 5 49.0 51.2 51.9
Extractive content
(%) 3.11 2.84 2.95 2.50
Ash content (%) 0. 28 0.46 0. 34 0. 31

Table A-6. CHEMICAL COMPOSITION OF THE WOOD OF LOBLOLLY

PINE
Authors
Properties Curran and Curran and Uprichard
Bray (22) Bray (23) (24)
Scolubility in (%) (%) (%)

- Hot water 3.3 3.4 -

- 1% NaOH 14.7 14.8 -

~ Alcohol-bkenzene - 2.7 -

- Ether 1.3 - -
Cellulose content (%) 60.4 60.1 -
Lignin content (%) 30. 2 32.0 29.5
Pentosans (%) 12.1 12.3 10.8

Alpha-cellulose (%) 44.7 - 50. 2
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Table A-7. CHEMICAL COMPOSITION OF THE WOOD OF SLASH PINE

Authors
Properties McGovern et al. (25) Young (26)
(%) (%)
Heolocellulose content 62.8 -
Alpha-cellulose 48.5 -
Lignin content 27.6 26.1
Pentosan content 8.4 13.2
Solubility in
— alcohol-benzene 2.6
- ether 2.4 2.8
- 1% NaCH 12.7 -
— hot water 2.7 5.0
Ash content 0.3 -

Table A-8. CHEMICAL COMPOSITION OF PARANA PINE WOOD

Authors
Properties Rys et al. (34) Redko and Guimaraes
Sapwood Heartwood (19)
(%) (%) (%)
Solubility in
- water 1.2 0.8 2.5
- ether 1.8 0.4 -
- alcohol-benzene 2.6 2.1 0.9
- 1% NaCH 10.2 11.6 10.6
Ash content 0.4 1.4 0.3
Lignin content 29.1 31.7 28.5
Pentosan content 4.8 4.2 6.1

Cross & Bevan
cellulose content 65.5 62.5 58. 3
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CHARACTERISTICS OF THE PULPWOODS
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Table B~1l. UNBROKEN FIBER LENGTH OF THE PULPWQOODS (mm.)

Confidence

Specics repldication Mean Interval
1 2 3 4 5 (95%)
A. anguctifolia 5.68 5.37 4.79 4.90 5.03 5.15 *0.45
P. elliottii 3.12 2.68 3.45 3.19 3.26 3.14 *0.35
P. taeda 2.81 2.72 2.69 2.97 2.70 2.78 *0.15
P. caribaea 3.79 3.66 3.54 3.68 3.37 3.6l +0.20
"Slash pine" 3.40 3.65 3.49 3.27 3.48 3.46 +0.17
"Loblolly pine® 2.92 2.79 2.88 2.92 2.84 2.87 +0.07

ns

Cochran's ratio: 0.4800

F ratio: 82.4°

Minimum significant difference (Tukey's test): 0.42

Coefficient of variation: 6.1%

Table B-2. FIBER WIDTH OF THE PULPWOODS (W)

replication

opeeTes T, 3 4 5 Mean e (95%)
A. anqustifolia 53.80 45.20 45.45 45.40 45.70 47.11 +4.64
P. elliottii 48.05 44.35 46.80 44.85 42.50 45.31 +2.68
P. taeda 44.65 41.95 42.65 44.65 45.15 43.81 +1.75
caribae: 56.25 52.32 55.07 55.00 50.35 53.80 +2.98
"Slash pine™ 49.49 49.33 46.04 51.92 46.74 48.70 +2.93

"T,oblolly pine" 45.53 43.76 44.39 45.25 49.88 46.16 +3.13

Cochran's ratio: 0.3647°°
F ratio: 9.9%
Minimum significant difference (Tukey's test): 4.91

Coefficient of variation: 5.3%



Table B-3. LUMEN DIAMETER OF THE
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PULPWOOD FIBERS (W )

. . Confidence

Species rebplicatlion Mean Intexrval
1 2 3 4 5 (95%)
A. angustifolia 37.65 31.29 34.95 33.30 33.90 34.22 = 2.90
P. elliottii 37.00 34.95 36.00 36.65 30.80 34.88 2,97
P. taeds 35.45 33.55 33.60 34.50 34.30 34.28 + 0.96
P. caribaea 45.25 42.32 45.57 45.35 39.50 43.60 + 3.29
"Slash pine" 34.27 36.00 32.39 40.00 32.18 34.96 *+ 3.98
"Loblolly pine™ 35.37 35.30 36.31 32.47 39.92 35.87 + 3.32

Cochran's ratio: 0.2840™°

F ratio:

10.8°

Minimum significant difference (Tukey'!'s test): 4.81

Coefficient of variation:

6.

8%

Table B-4. CELL WALL THICKNESS OF THE PULPWOOD FIBERS (Il )

replication

Specles 1 2 3 4 5  Mean C?Eiiiiiiigs%)
A. angustifolia 8.07 6.95 5.25 6.05 5.90 6.44 t1.35
P._elliottii 5.52 4.70 5.40 5.60 5.85 5.41 * 0.53
P. taeda 4.60 4.20 4.52 5.07 5.42 4.96 * 0.60
P. caribaea 5.50 5.00 4.75 4.82 5.41 5.10 *0.42
"Slash pine® 7.61 6.66 6.82 5.96 7.29 6.87 +0.78
"Loblolly pine" 6.08 4.23 4.04 6.39 4.98 5.14 +1.32
Cochran's ratio: 0.3667nS

F ratio: 6

.6°

Minimum significant difference (Tukey's test): 1.43

Coefficient of wvariation:

13.

0%
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Table B-5. UNEXTRACTED SPECIFIC GRAVITY OF THE PULPWOODS

e 1ication Confidence

Spacies 2. < Mean  Interval

1 2 3 4 5 (95%)
A. anqustifolia 0.405 0.423 0.405 0.440 0.429 0.420 *0.019
P. elliottii 0.307 0.324 0.322 0.309 0.320 0.316 * 0.009
P. taeda 0.350 0.352 0.344 0.352 0.338 0.347 *0.007
P. caribaea 0.343 6.349 0.361 0.342 0.370 0.353 *0.015
"Slash pine® 0.490 0.478 0.478 0.490 0.495 0.482 *0.009
"Loblolly pine™ 0.421 0.417 0.419 0.421 0.416 0.419 * 0.004
- . ns
Cochran's ratio: 0.4528

F ratio: 2

13.3°

Minimum significant difference (Tukey's test): 0.019

Coefficient of wvariation:

2.5%

Table B-6. EXTRACTED SPECIFIC GRAVITY OF THE PULPWOODS

pectes T e S
A. anqustifolia 0.393 0.415 0.396 0.428 0.423 0.411 *0.020
P. elliottii 0.300 0.313 0.311 0.300 0.312 0.307 £ 0.008
P._taeda 0.341 0.345 0.337 0.343 0.333 0.340 % 0.006
P. caribaea 0.338 0.343 0.357 0.336 0.360 0.347 *0.014
"S5lash pine™ 0.457 0.461 0.455 0.475 0.469 0.463 £ 0.010
"Loblolly pine" 0.400 0.402 0.402 0.397 0.392 0.399 *0.005
Cochran's ratio: 0.4735ns

F ratio:

184.7°

Minimum significant difference (Tukey's test): 0.018

Coefficient of variation:

2.5%
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Table B-7. FELTING COEFFICIENT OF THE PULPWOOD FIBERS

. replication Contidence
Species Mean Interval
1 2 3 4 5 (95%)
A. angustifolia 106 119 105 108 110 109 7
P. elliottii 65 60 74 71 77 69 t8
P. taeda 63 65 63 66 60 63 3
caribaea 67 70 64 67 67 67 +3
"Slash pine” 69 74 76 63 74 71 *e6
"Loklolly pine® 61 64 65 64 57 62 T4
Cochran's ratio: 0.3730°°
F ratio: 75.7°
Minimum significant difference (Tukey's test): 9

Coefficient of variation: 6.2%

Takle B-8. COEFFICIENT OF FLEXIBILITY OF THE PULPWOOD FIBERS (%)

replication

Spectes 1 2 3 4 5  Mean C?iﬁiii?figsz)
A. angustifolia 70 69 77 73 74 73 4
P. elliottii 77 79 77 79 72 77 + 4
P. taeda 79 80 79 77 76 78 + 2
P. caribaea 80 81 83 82 78 81 +2
"Slash pine" 69 73 70 77 69 72 +t4a
"Loklolly pine" 74 81 82 72 80 78 + 6

ns
Cochran's ratio: 0.355C
F ratio: 6.6
Minimum significant difference (Tukey!s test): 6

Coafficient of variation: 4.0%
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Table B-9. WALL FRACTION OF THE PULPWOOD FIBERS (%)

. replicat i on Confidence
Species Mean Interval
1 2 3 4 5 (95%)
A. anqustifolia 30 31 23 27 26 27 4
P. elljottii 23 21 23 25 27 24 * 3
P._taeda 21 20 21 23 24 22 2
P. caribaea 20 19 17 18 21 19 t2
"Slash ping" 31 27 30 23 31 28 |
"Loblolly pine™ 26 19 18 28 20 22 6

Cochran's ratio: 0.3833"°
s
F ratio: 7.3
Minimum significant difference (Tukey's test): 6

Coefficient of variation: 12.4%

Table B-10. LENGTH/CELL WALL THICKNESS RATIO OF THE PULPWOOD FIBERS

replication

Treees 1 2 3 4 5 Mesn Ciiiéiii:& 5%)
anqustifelia 704 772 912 810 852 810 t 98
P. elliottii 565 570 639 569 557 580 * 41
P. taeda 611 648 595 586 498 588 £ 69
P. caribaca 689 732 745 763 623 710 * 69
"sSlash pina® 447 548 512 549 477 507 + 55
"Loblolly pine” 480 659 713 457 570 576 + 137

ns

Cochran's ratio: 0.4415

F ratio: 13.2°

Minimum significant difference (Tukey's test): 133

Cozfficient of variation: 10.8%



Table B-11.

RUNKEL INDEX OF THE PULPWQOOD FIBERS
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, . . Confidence
Species replication Mean Interval
1 2 3 4 5 (95%)
N. angustifolia 0.429 0.444 0.300 0.363 0.348 0.376 *0.074
P. elliottii 0.298 0.268 0.300 0.314 0.372 0.310 £ 9,051
P. taeda 0.259 0.250 0.269 0.293 0.316 0.289 * 0.033
P. caribaca 0.243 0.236 0.208 0.213 0.274 0.234 * 0.033
"Slash pine" 0.444 0.370 0.421 0.298 0.453 0.397 + 0.080
"Loblolly pine® 0.344 0.240 0.222 0.394 0.250 0.290 + 0.093
Cochran's ratio: 0.3429°°
F ratio: 7.0°
Minimum significant difference (Tukey's test): 0.102
Coefficient of variation: 16.6%
Table B-12. MULSTEPH RATIO OF THE PULPWOOD FIBERS.
opecten Tt e it
A. anqustifolia €.510 0.521 0.409 0.462 0.450 0.470 *£0.057
P. elliottii 0.407 0.406 0.408 0.368 0.475 0.413 *0.048
P. taeda 0.370 0.360 0.379 0.403 0.423 0.387 £0.032
P. caribaega 0.353 0.346 0.315 0.320 0.384 0.344 £0.034
"Slash pina" 0.520 0.467 0.505 0.406 0.526 0.485 £ 0.063
"Loblolly pine" 0.396 0.349 0.331 0.485 0.359 (0.384 +0.076
Cochran'!s ratio: 0.3339°°
F ratio:  7.9°
Minimum significant difference (Tukey's test): 0.085

Coefficient of variation:

10.5%
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Table B-~13. BOILER NUMBER OF THE PULPWOOD FIBERS.

re plication Confidence
Species - . Mean Interval
1 2 3 4 5 (95%)

A, angustifolia 0.342 0.352 0.257 0.300 0.290 0.308 £0.048
P. elliottii 0.256 0.234 0.256 0.226 0.311 0.257 £0.041
P. taeda 0.227 0,220 0.234 0.252 0.268 0.240 +0.024
caribaea 0.214 0.209 0.187 0.190 0.238 6.208 +0.026
"slash pine" 0.352 0.305 0.338 0.256 0.357 0.322 ' +0.052

"l,oblolly pine" 0.247 0.212 0.198 0.320 0.219 0.239 +0.060

ns
Cochran'!s ratio: 0.3122
F ratio: 7.7S
Minimum significant difference (Tukey's test): 0.069

Coefficient of variation: 13.5%

Table B-14. COILD WATER SOLUBILITY OF THE PULPWOODS (%)

re plication

Specles 1 2 3 4 5  Mean Ciiiéiii§?95%)
A, angustifolia 2.0 0.9 1.2 2.0 0.9 1.4 to.7
P. elliottii 1.1 1.3 1.4 1.1 2.4 1.5 0.7
P. taeda 2.3 1.6 1.3 2.1 1.6 1.8 *0.5
P. caribaea 0.8 1.6 0.7 1.9 1.4 1.3 *+0.6
"Slash pine" 0.9 1.7 1.3 1.1 1.5 1.3 t0.4
"{,oblolly pine” 1.8 1.0 1.6 1.0 2.1 1.5 +0.6

Cochran'!s ratio: 0.2279nS
F ratio: 0_7nS
Minimum significant difference (Tukey's test): 0.9

Cosfficient of variation: 34.4%
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Table B-15. HOT WATER SOLUBILITY OF THE PULPWOODS (%)

. repltication Confidence
Spacies Mean Interval
1 2 3 4 5 (95%)
A. angustifolia 3.5 1.4 1.9 2.1 1.3 2.0 1.1
P. elliottii 1.8 3.2 2.4 1.2 3.0 2.3 £1.0
P. taeda 3.8 1.8 2.4 2.6 2.8 2.7 +0.9
P. caribaea 2.8 3.0 2.6 3.0 3.2 2.9 +0.3
"Slash pine” 1.2 3.0 1.5 1.4 1.9 1.8 +0.9
"Loblolly pine" 3.0 1.3 1.7 1.5 3.0 2.1 +1.0

Cochran's ratio: 0.2384nS
F ratio: 1.67°
Minimum significant difference (Tukey's test): 1.4

Coefficient of variation: 32.1%

Table B-16. ONE PERCENT CAUSTIC SODA SOLUBILITY OF THE
PULPWOODS (%)

replication

opeeres o 5 a5 e U em:(95%)
A. angustifolia 7.2 8.3 7.0 7.3 6.6 7.3 to.8
P. elliottii 6.0 8.1 8.4 6.4 6.5 7.1 1.4
P. taeda 7.4 7.9 7.9 9.2 7.7 8.0 t0.9
caribaea 9.8 9.9 14.0 8.6 12.9 11.0 *a2.8
"Slash _pine™ 9.4 11.7 8.1 8.7 11l.4 9.9 £2.0
*Loblolly pine” 11.4 10.4 10.1 9.6 12.4 10.8 1.4

Cochran's ratio: 0.4703nS
F ratio: 8.45
Minimum significant difference (Tukey's test): 2.7

Coefficient of variation: 15.2%



