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Abstract

Total tree wtilization and multiple use of wood are altematives to increase both sibvicultural and industrial vields. Planted forests
with Pimecs spp. are an important source of raw material for sawmills, veneer plants, and polp and paper mills. The use of tropical pines,
especially Pumes caribaea, has bean changing the peopraphical distribition of forests plamed with Pimes spp. Sawmills and phywood
mills that usa Pins spp. wood as raw material show approximately 25 and 13.6 percent waste for slab and peeler core, respectively.
The materials investigated in this research were: wood fom 8-yvear-old trees, slabs, peeler core, and the upper pant (called top) of
13-year-old trees. Thesa materials were characlerized in terms of basic density, chemical composition, tracheid dimensions, kraft
pulping afficiency, and pulp resistanca. Tha wood from pealer cora and B-year-old trees are juvenile wood, while slab and top are ma-
tura woods. Consequently, pealer cora and 8-vear-old woods showed a lower basic density, higher extractives and lignin contems, and
alsothinner walled trac heids when compared to slabs and top woods; in termes of pulping, slabs and top woods had higher vields when
comparad to the pulp from peeler core and 8-vear-old trees. Findings showed that all four rmw materials investipated in the study had
about the same pattern for almost every pulp property analyzed.

Tl:-e growing world demand for
wood and wood products, especially
pulp, and the need to conserve natural re-
spurces and the environment constinute a
challenge to forestry: toe simultaneously
increase industrial production (Jumber,
boards, pulp} and reduce environmental
impacts.

Considerable research efforis have
been carried out in order to incTease
both silvicultural and industrial yields
and two possible altermatives i achieve
this are total tree utilization and multipla
use of wood.

In Brazl, planted forests with Pimes
gpp. and Eucalypns spp. are the main
spurce of raw material for veneer mills
and also for sawmills and pulp and paper
mills. The introduction of tropical pine
species in Brazil, especially Pimus
caribeea, and the technological and
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silvicultural wood characteristics of
FPipnes spp. have been changing the peo-
eraphical distribution of planted forests
with this penus. Planting areas, origi-
nally restricted to the South of Brazil,
have mow spread to the Southeast and
‘West as well as to the Morth and Morth-
east Tepions.

In 199%, the Brarzilian conifer
roundwood consumption destined for
the production of sawn timbear and ply-
wood was approximatety 15.1 million
m* and 3.96 million m’, respectively.

The penus Pinuy spp. is responsible for
almast all the comifer industrial wood in
Brayil (Hrazilian Society of Silviculune
and Brazilian Forestry 19940).

Sawmills and plywood mills that use
Pime spp. wood as mw material have
slab and peeler core wastes of about 25
and 13.6 percent, respectively (Apuiar
1954, Assini et al. 1954).

Considering roundwood volumes and
perceniapce of residues associated with
the production of sawn timber and phy-
wond in Brazil, a volume of approxi-
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Figure 1. — Sampiing design.

mately 43 million m* of wood from
Pine spp. is discarded annually, which
presents problems o the wood industry
due 1o the volume of waste produced.
Considering, an 8-year-old Pimus spp.
forest, the wolume of wood residue pro-
duced would commespond i A forest area
of approcdmately 22,000 bectares. This
area, if used for pulp production, would
result in almest B00,000 tons of un-
bleached long fiber pulp. Them i &
great yolume of mw material being dis-
carded or simply burnt as firewood. The
s of these residues could contributa te
increasing pulp production, reduce
cosls, and conserve natmral resources.

The present research evaluated the
technological characteristics of sawmill
and phywood residues of Piawy cardaes
var fondurensts used as raw materials
for pulp production.

Methods

Sample preparation

Samples used in this study were origi-
nated from P carlibaen var. hondurensis
commercial foresis at Agudos County,
530 Paulo Siate, Braril (22 degreas 20
min. 5 and 48 degrees 51 min. W) The
trees were 8 years old and 23 years old
and each age group had five irees har-
vesied. Trees weme selected based on &
forest imventory in which harvested trees
were individuals that exhibited the aver-
age diameder for the forest

Thi 23-vear-pld trees were comveried
to 2 4-m-long logs. Logs with diameter

ereater than 15 con were considered pos-
sible raw materials for sawmill and
phywood production. The upper part of
the treas whose diameters were between
15 cm and & cm (denominated top) were
considerad a type of residue. A
1-inch-thick disc was obtained from
each log and each disc had the slab (saw-
mill residuz) and peeler come (phywood
mill residue) areas determined, as illus-
traled in Figure 1.

The B-year-old Pimy cariivdes var
hondicrensis trees ware used as controls.
From each tree, a 1-inch-thick disc was.
sampled at 0, 25, 50, 75, and 10 percent
of the commercial baight {top diametar
of & cm). Materals were separated by
tree and each tree was considerated one
replication. The following nomenclature
was used:

S-yvear-old = wood obtained from
B-year-old trees;

siahy = material that comesponds to
sawmill residues obtained from
23-year-old troes;

peeler core = material that come-
sponds to plywood residues obdained
from 23-year-old trees;

top = material that corresponds to
the upper part (diameter between 15 cm
and & cmi of 23-year-old trees.

The materials mentionad above wer
manually chipped using a knife and a
hammer; chips greater than 4 mm and
le=s than 3 mm thick were later selected.
using a caliper.

Accomding to the experimental design,
each material is considered a reatment
and each tree a repatition, that is, there
are 4 treatments and 5 repetitions, total
ing 20 samples.

Wood characterization
The following pammetens were deter-
minad for each material:

» basic density: following procedures
described by TAPPI Methods T-258
om-94 {TAPP] 1998);

w» tracheid dimensions: small chip frag-
ments were oblained using a blada (50
£). The chips weme then treated with ni-
tric-acetic water solution (1:5:2) at boil
ing temperature for 1 hour and washed
with water. The objective was to individ-
ualize the tracheids. After being washed,
tracheids were treated with safranine 1
percent. Ten laminaes were prepared
and for each laminaa 10 tracheids wera
measured for length, width, wall thick-
ness, and lumen diameter. Tracheid di-
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mensions were measured using an opti-
cal microscope and a micromeatric scale.
For each sample (total of 20), 100 tra-
cheids wera measured for each of the di-
mensions just mentioned. The obiained
averapes fir each sample were consid-
ered for statistical analysis.

» chemical composition: the total ex-
tractives, and lignin and holocellulose
contemts, were measured for each sam-
ple following the procedures described
by TAPPI Methods T-222 om-98 and
T-264 cm-97 (TAPPI 1998).

Kraft pulping

A rotary labomatory digester was usad
for kraft pulping and the following
cooking conditions were considered for
all samples:
* chip weight (ovendried equivalent)c
B0g;

» active alkali (% as NayOy: 22,

» sulfidity (%) 25;

* maximum tamperature (M) 1705

# time {0 marimum temperature: B0
minutes;

» lime at maximum temperature: &0
minutes;

# liquor-to-wood ratio: 5:1.

Adfter cooking, pulps were washed and
screened using a 0.05-mm slot screen
Pulps were then centrifiged to remove
water and stored in plastic bags in a cold
room for further anabysis. The following
parameters were considered:

» todal yield: ratio between ovendried
pulp weight and ovendried wood weight;

» screened yield: ratio between oven-
dried screemed pulp weight and oven-
dried wood weight;

» mejects content ratio between oven-
dried rejects weight and ovendried wood
weight;

#» kappa number: the depree of
delignification of pulp or the amount of
residual lignin in the pulp (TAPPL
Methods T-236 cm-85) (TAPPI 1998);
kappa numbser is the volume {in mL) of
0.1 N potassium permanganate solution
consumed by one pram of moisture-free
pulp as specified by the TAPP] Methods
just mentioned; results were cormectad o
50 percent consumption of the per-
manganale added.




Tatle 1. — Basc densiy”

Basic dezsity
Material Average Stemdard deviatica
--------------{E,-'crn']-------------
B-year-old 0359 A 00215
Slabs LE24 T} 1029
Peeler core [EE:Y:] LoIEs
Top 0SS C 0.0201

aheas with the same capital letter are nol stabistically difereat [ Tukeay Test al 005 signahicance bavel)

Pulp properties

Afler yield rejects content, and kappa
mumber znalyses, pulps from the five
repetitions of each material were mixed
forming a composed sample. The four
resultant samples were then submitted 1o
bleaching using a sequence CEDID,
where C, E and D denote bleaching
slapes of chlonne (Clz), alkaline extrac-
tiom, and chlorine dicxide {C107), me-
spectively.

Aferbleaching, pulps weare refined in
2 PFI mill at refining levals of 20, 30, 40
and 55" Schopper-Riegler (SR, accond-
ing to methodology described by TAPPL
Methods T245 (TAPPI 1998). Refined
pulps were ransformead imlo handsheets,
50 that pulp properties could be avalu-
ated according to TAPPI Methods T205
sp-95 and T2 sp-D6.

Statistical analysis

The resulis for basic density, chemical
anahysis, fiber dimensions, and pulping
were analyzed using the analysis of van-
ance [AMOWVA): when a statistical dif-
ference was delected, the Tukey test was
msed.

Results and discussion

Although specific gravity is & pross
measurement reflecting the sum of nu-
merous variables within swccassive indi-
vidual growth rings, it has been
investipated more than any other wood
property. This is due to the fact that spe-
cific pravity strongly affects Jumber
sirenzth and vield and also the quality of
the comesponding kraft pulp {Koch
1972}

Table 1 shows basic density resulis
for materials evaluated in this reseanch.
Hasic density is ome of the most im-
portant charactenistic o evaluate wood
85 3 raw malerial for pulping because it
is closely melated to several pulping
process parameters, such as yield,
rejects content, and alkali consumption,
among others.
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An imporiant basic density aspect
should be comsidered about Py spp.
wood - its prowth rings are formed by
earlywood and latewood. The propor-
tion of earfywood and latewood is re-
lated do cambium activity and stronghy
affects basic density and other wood
properties.

Table 1 results show a statistical dif-
ference for basic density of the materials
imvestizated in this research. This differ-
ance is mainky doe 1o the position of the
materiaks in the tree, that is, a differenca
in their physiolopical age. Table 1 also
shows a difference between slab and 1op
densities, probably because the FPims
spp. wood density profile shows a de-
crease with height (Koch 1972 The ba-
it densities of the peeler comre and the
top woods are somewhat similar; con-
sidering the growth patiern of rees, both
peeler core and top are woods produced
during similar prowth periods in ferms
of physiological aspects. Additionally,
beoth peeler core and top woods are typi-
cally juvenile wood

The value range for top wood basic
density can be placed between basic
density values found for 8-year-old
wonds (juvenile woods) and slab woods.
These results suppest that despite the
fact that top wood 1= formed duning the
laie stage of tree prowth, the wood does
not show 3 juvenile characteristic; this
fact may be related o s more maturz
wascular cambium.

The variztion of wood properties in
conifers is usually preater within a trea
than among the averapes between trees
{Barrichelo 197%). Basic density in
Fians species usually increases from the
center of the disc (pith} to the bark
However, this imcrement is not uniform
due o different types of wood that com-
peose the prowth rings.

The ratio between juvenile wood and
mature wood shoul also be considered
during the analysis of wood technologi-

cal properties. Juvenile wood has a
lower basic density, larger microfibril
angle, shorter racheids, smaller amount
of latewood thin-walled cells, higher
lipnin content, and lower cellulosa con-
tent.

When compared to hardwoods, coni-
fiers have 8 more uniform and less com-
plex wood structure, in which tracheids
are the main struciural element.

The main objectve of wood anatonmy
focused on wood techmology is b0 estab-
lish mlationships between the structural
chamacteristics of the wood and its use.
Fiber dimensions are important pulp
property paramalers and determine, for
example, the suitability of the pulp o
produce specific prades of paper.

The most imporiant fiber dimensions
are length, width or diameter, lumen di-
ameter, and wall thickness. Some rela-
tiomships can be obtamed wsing these di-
mensions (o establish cormelations with
pulp properties. The following fiber di-
mension relationships are important:
felting index (ratio between fiber length
and width), flexibility coefficient (ratio
between lumen diameter and fiber
widih, in percent), wall fraction (ratio
betwaen twice the wall thickness and fi-
ber width, in percent ). and Runkel index
(ratio between twice the fiber wall thick-
nass and lumen diameter) (Foelkel
1973

Tracheid length is an important wood
strempth characteristic, especially in the
production of kraft pulp from pines
(Ench 1972).

Tahle I shows that 8-year-old and
peeler come tracheids, in peneral, have
smaller dimensions when compared bo
slabs and top wood tracheids, which is
not surprising because juvenile wood is
penerally chamcerived by tracheids of
smaller dimensions (Barrichele 197%).

The difference between juvenile wood
and adult wood is also related 1o the di-
mensions of anslomic elements. Adult
wood, for example, is formed by -
cheids that have their length constant. [n
30-year-obd Pl faeda irees, this stabi-
lization can be observed between the
1 1th and 13th prowth ring.

Much of the tracheid lemgth variation
associated with tree diameter and height
results from differences bebween juve-
nile wood {or core wood), found in the
first 4 to 10 rings from the pith, and ma-
ture wood (or outer wood) (Eoch 1972).

Table 2 results show that, like basic
density results, slab and top woods have
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Table 2. —Trecheid dimensions and eiatibns.”

Mlaterial L W LI¥ T FI FC A WF
() -emeeee PR %) )

Byearold 3E1A 5344 366 E4A n &8 046 n
Ehbs 4488 5404 47 JLAR:] B2 &3 0.38 n
Pezlercome 34GC 5454 303 T&C 63 ks 0.39 i}
Top 4431 4238 202 240 a2 & .66 40

*Yahaes with the same capitl leter are nol statistically diferent (Tukey Testa 0.05 significance kevely; L=
;W =width; L.0= hamen diameter, T = fiberwall thickmess; F] = fefting index; FC = flexi-

tracheid

bility coefficient; Rl = Runkel index; WF = wall faction

Tabie 3. — Chemical composition.”

Material Total extractivas Lignin Holocelidlose
.................... e
Byearcld TE3A 2644 4 £551 4
Shbs £.548 2661 A £6.81 B
Peeler core 1564 e E52T 4
Top 5300 2651 A ET.BEC

ahoes with the same capital leter are not satstically diferent (Tukey Testa1 (L5 sigmilficance level).

Tahie 4. — Total yield, zoreenad pield, rejects, confent, and kappa numbear®

Screaned yield!
Maierial Total yield Rejac Soreened yield Eappe sumber kappa number
_______________ [ P
B-year-cid B4 A 0sC 480 A 3598 0i&
Shbs 5218 02AB 208 518 021
Peeler come 40C 0.7 BC 453C 5TC 076
Top 5020 0lA 51D SIRA 057

*Yahoes with the same capita] letber are not statistically different (Tubkey Test at 005 significance Level).

Tabie 5. — Pulp properties: slabis, PH mal.

Diraizability ("58)
Farameter ] 2 30 40 55
Revolutions (= LOD0} 0 0475 GG 0TI D.BES
Bulk [crm"g) 13 LBS 167 165 L6
Air msistance (520100 cm®) i 11 19 64 178
Klemm capilbarity {mm/10 min.) 142 52 a1 M4 n
Temssile index (Nmiz) 49 s BiE TS ET3
Sareich (%) L1 18 41 42 40
Burst indzx {kPa-m g 07 6B 7 71 72
Tear index {mM-m'e) no 08 0.0 mo 1

MO = nod datermined.

tracheids with similar dimensions, dif-
ferent from 8-vear-old trees and peeler
core tracheid dimensions.

Transverzal dimensions of tracheids
are related to basic density;
consequenty, thick-walled tracheids
contribute to an increase in the basic
density of the wood. Analvsis of Table 1
and Table I results show that slab and

top woods show a higher wall fraction
because they have higher basic density.

Since chemical composition is
extremely important for woods used as
pulping raw material, the wood should
have low Bpnin and extractives contents.
Table 3 shows that the chemical compo-
sition of the tested materials is similar;
however, it should be highlighted that
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8-year-old and peeler core woods show a
tendancy 1o higher total extractives and
lipnin contents. These results are typical
of juvenil: woods and necatively affect
thie pulping process in terms of delipn-
ificatiom and yield.

The efficiency of the kraft pulping
process is affected by all technological
characteristics of the wood. Eight-year-
old woods should be considered stan-
dard in Brazil for polping.

Analyzing Table 4, it iz possible o
verify that the top and slab woods had
higher yields and lower kappa numbers
when compared 1o peeler core and &
year-pld chips. These differences in
vield and kappa number are related to
the higher holocelullose content and
lower lignin and extractives contants ob-
served in skab and top weods when com-
parad 1o other more juvenile materials.

The higher slab and top woods yiekd is
very inleresting from an economic point
of view because pulp production costs
can be reduced by diminishing the
amount of chemicals required and en-
erey and wood consumed. These essen-
tial points should be taken into account
when considaring the availability of slab
and top woods as 8 pood mw material
SOLITCE.

Ewven though the performance of fi-
brous raw maienial during pulping is an
important step in evaluating the wood
quality for pulp production, pulp prop-
erties should alse be considered. Tables
5.6, 7, and B show the resulis of pulp
properties analyzed in this study.

An imporiant step in paper production
is refiming or beating. Refining causes
the fiber surface to become frayed as the
internal layers of fiber walls separate
and the Mber absorbs 2 preat amount of
water. This process make fibers swell
and become mare flexible and conform-
able. Refining is ome of the most impor-
tant operations during the paper produc-
tion process because al this stage pulp
properties need to mest specific paper
grading requirements (Busnardo and
Cabeda 1991

Draimability is measured by the ability
of water 1o drain away from a pulp slurmy
until it forms a pad. This is 8 common
test used by papermakers o delermine
the depree of refining that the fibers
hava been subjected to. The mom in-
tense the refining, the greater will be the
drainability value measured by the

Schopper-Riegler (SB) scale




Table 5. — Pulp properties: peelar core, FFmil

Draizability [75R)
Parameter 14 0 0 40 55
Revelutions (= 1,000} 0 045 04 0T L3I0
Bulk (om'fz) 1M 13 15 148 134
Air resisbmee [sec.100cm’) HIF 04 14 n 6.1
Klemm capillasity (mm10 min} & b 165 15 12
Tensile index (Nm/g) 150 10l Ws 1S 1076
Streich (%} 13 14 iz 4 44
Bust indes [kPa-mg) 19 65 16 £1 82
Tear index {mN-m"ig) 13 118 12 Wi 103
WD = nal determined.
Table 7. — Rulp propertias: tqp wood PH mill,
Draizability (58]
Parametsr 11 0 0 40 55
Revahutians {= 1,000) [ [T ] [T
Bulk {om g} 305 166 182 141 16
Air resistance (sec.100cm’) KD* 1 1% 15 &0
¥bemm capillarity (mm/L0 min.} 71 % b 16 12
Tensile index (Mmig) n G 1 s
Streich (%) 17 41 4 45 47
Burst inden (kParla) 1 T3 £l 98 E6
Taar index imb-mlig) T 7 175 TE X
D) = not dedermined.
Tabie 8. — Puip properties: 8-year-old , PE il
Drzizability (2SR
Faramester 12 m 3 40 55
Rewolutions (= 1.000) 0 05 L 0.4 117
Bulk {5} 247 161 151 147 14
Air resistmce (sec.100cm) 05 65 17 3% BLS
Klemm capillasity (mm¢10 min} 122 7 b 17 16
Tensile index (Nm/g) s & 105 L6 105
Streich (%} 21 1% 4 43 a5
Burst index (kPa-m'/g) 17 76 EZ B2 Bl
Taar index imN-miil 71 183 1% 155 1ES
"“ 7T Wl
50 -
g ==
g 40 » ._,,.-"
£ =
—_ - S
i 0 — =T
10
o
0 200 4D0 603 Eod 1004 1200 1apd

rewoclutians, PA mill
|& sfeiis O panjor corm 2 10p = Seyaarsald |

Figure 2. — Puip draiabiliy:

A&

Figure I shows that pulp fiom slabs
has a different performance during re-
fining when compared 0 other pulps.
COrver the drainability level of 30° SR,
pulp from slabs “reaches™ drainabiliy
faster than other pulps. Pulp from slabs
requires 2 bower amount of energy o
reach a tarpeted refining level when
compared 1o pulps originated from other
matarials. This represents a significant
advantape because the miining opara-
tien is highly epergy intensiva. The three
other materials analyzed showed almost
the same patiern during refining.

Pulp properties are related 1o fiber di-
mensions; for example, krafi pulps from
earlywood penerally produce much
denser papers with higher bursting and
tensile strenpths than papers made from
latewood. These differences in proper-
ties hava been attributed to latewood
thick-walled tracheids (Koch 1972)

Fipore 3 shows that the analyzed
pulps am similar in terms of bulk. How-
ever, differences are chserved when
pulps are unrefined or shghtly refined;
high resistance papers require higher re-
fining levels.

Air permeability, or air resislance, is
defined as the resistance that paper pres-
ents to the flux of air penerated by a dif-
ference in pressure. It is a soucture-re-
lated property thal depends on number,
size, shape, and distibution o poses ina
paper sheet. Air permeability may alse
provide an indication of how the paper
will respond to penetration by cther flu-
ids. It indicates the impregnating prop-
erties of saturating papers and how
much penetration will occur when a pa-
per sheet is coated. Air permeability has
a direct importance to the final use and
performance of many papers; bag pa-
pers, cement sacks, absorbent tissuwes
and toweling, and filter papers all re-
quite high air permeability. Om the other
hand, prease-proof and insulation pa-
pers must have a very low air permeabil-
ity. Figure 4 shows air resisiance results
for pulps anabyzed in this study.

Fipure 4 findings show that as refin-
ing increases pulps tend to show differ-
ent air resistance results. Pulp originated
from B-year-old tree woods will produce
pulp with higher air resistance. As men-
tioned before, this is an important char-
acteristic for papers that will be submit-
ted 1o & coating process. Pulp produced
from slabs shows lower levels of air re-
sistance when drainability is considerad
a parameter of refining intensity. Pulp

JULYALMGUST 200
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produced from slabs is suitable for pro-
ducing sack papers and tissues when
considering only air resistanca.

Pulp air resistance is related to the
ability of the fiber to collapse during the
paper production, and fiber collaps-
ihility is linked to fiber wall thickness.
Results presented in Table T show that
fibers from slab and top woods have a

higher wall fraction. This fact may ex-
plain the bower air resistance obsarved in
these pulps.

Klemm capillarity is another impor-
tant parameter in evaluating pulp suit-
ability for tisswe paper production. The
aspects already mentioned for air resis-
tance ame also important for Klemm
capillarity anatysis, but other aspects
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such as residual lipnin and carbohydrate
contents shoukd also be considered. Dua
to its lydrophobic chamacteristics, resid-
ual lignin has a nepative impaat on fiber
ahility to absorh water; hydrophilic car-
boabydrates on the other hand have a pos-
itive impact on fiber ability to absorb
Waler

Pulp produced from slabs showed a
distinct Klemm capillarity pattern when
compared ko other pulps. This fact is
possibly related to tracheid traversal di-
mensions, a5 already mentioned for air
resistance. Considering that all pulps
had almost the same level of residual
ligmin (expressed as kappa number),
pulp chemical compesition does not im-
pact the observed difference sigmifi-
canthy.

Tensile sreneth is & direct indication
of the durability and potential final usa
performance for several papers such as
wrappings, baps, pummed tapes, cable
wrappings, bwisting papers, and printing
papers. [n peneral, any paper that under-
EO£5 A COTMVErsion operation needs to
have a minimum tensile strenpth, sinca
the paper will be subjectad b0 tensila
siresses while being pulled during the
process, such as printing papers [ Sooit
and Abbott 19495

There are several ways to increase the
tensile strength of paper. For example, it
is possible 1o incTease beating or refin-
ing, increase wed pressing, add an adhe-
sive, increasa bong fiber furnish contant,
among, several others {Scod and Abbott
1995). Figure & shows that slab and top
wood pulps have a lower tensile resis-
tance and this may be related io the fact
that those pulps have thick-walled fibers
and consequenily a bower collapsibility.

The most importand pulp property is
often considered 1o bz the maximum
tensile resistance, but the deformation
the paper undergoes while being
siressed is also fundamental. Pulp
stretching ability is proportional to the
enerey that pulps are able to absorh up to
the breaking point, especially sipnifi-
cant for papers usad for sacks. Figure 7
shows that all raw materials considered
in this study had the same sireich pat-
term

Tearing strength is particolacly
important when testing papers and
papertoards that will be subjected to
tearing fiorces during their final ransfor-
mation, thal is, during their end-use con-
vemsion. Bapgs, wrapping papems, bssua
papers, books, mapazines, newsprint pa-
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pers, paperboard for bottle packs, and
similar products are imposiant types of
paper whera tearing resisianca is essen-
tial (Scott and Abbott 1995).

Figure § results indicate that pulps
from slab and top woods show similar
tear mesistance paderns. These results,

A8

on the other hand, are completety dis-
timct from those observed for pulps of
peeler core and B-year-old samplas.

Tear mesistanca is relaied to intrinsic
fiber resistance; in general, thick-walled
fibers lead to higher tear resistance. Ta-
bbe 2 shows that slab and top wood fi-

bers have thicker walls when comparad
to pulps from peeler core and 8-vear-old
samples, which, therefore, explains the
higher values obiained for tear indax.

Conclusions

The four materials analyzed, that is
slabs, top, peeler core, and 8-yvear-okd
Pime carthoen var Rendurensis wood
samples grown in Brazl, can be classi-
fiad into taoe groups based on their tech-
nological charactaristics and physiologi-
cal age. The wood from peeler core and
8-year-old trees are essentially juvenile
woods, while slabs and tops are mature
wonds. The consequences of these dif-
ferences are:

» Peeler core and 8-vear-old woods
show lower basic density and higher ax-
tractives and lignin contents as well as
thinner-walled tracheids when com-
parad 1o slab and top woods.

» 5lab and top woods had higher pulp-
ing vields when compared 0 peelar core
and 8-year-old trea pulps.

Results obiained showed that all in-
vestigated raw materials had almost the
same pattern during refining for pulp
physical-mechanical properties, with
the exception of {ear resistance; pulps
generated from slab and top woods
showed much better bear resistanca.

In Brazil, 8-vear-old tree woods
would be considered as the standard for
comparison. Since slab and top woods
had higher vields and pulp properties
than the E-year-old wood, they cam be
considerad a suitable raw material for
krafi pulping. On the other hand, peeler
core wood should be wsed for energy
production because its higher lignin
contant Tesults in lower pulp yields.

Slab and top woods represent a tech-
nical and aconomical raw material alter-
native that could be effectively used in
sawmills and veneer mills.
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