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ABSTRACT 7he influences of basic wood density and tracheid length on the KEYWORDS
quality of radiata pine TMP have been examined, Seven wood samples were Wood

refined on a Bauer 410, 1000-mm, double-disc refiner to produce 163 pulps  Fiber

for analysis. Basic wood density ranged from 345 kg/m? to 565 kg/m?, and classification
tracheid length ranged from 2.2 mm to 3.6 mm. Within the groups of Chips
corewood and slabwood, both wood dewnsity and tracheid length have some Juvenile wood
effect. A high tracheid length generally results in bigh content of long fiber, Mature wood
bigh tear strength, possibly high tensile index, and low sheet density. No simple Fiber fractions
trend was found for the overall influence of basic wood density on refining Chip

energy consumption, on sheet density, on tensile strength, or on light-scattering classification

coefficient. It is proposed that there are compensating mechanisms that

Cellulose fibers

balance out the relative contributions of thin- and thick-walled fibers and
their coarse fines in the development of these properties.

The range of fiber properties that may
be obtained from fast-grown planta-
tion pines gives the pulp and paper
industry considerable opportunity to
vary the properties of its mechanical
pulps and their corresponding paper
products. These fiber properties are
derived from tracheid characteristics
and may be influenced by forest
management practices that deter-
mine the relative proportions of juve-
nile and mature wood in the stem.
Juvenile wood may also be obtained
during harvesting as thinnings and
top logs, and mature wood may be
obtained as residues during sawing.
In general, industry has a good
practical appreciation of the benefits
of using wood with specific sets of
wood quality characteristics. Howev-
er, inconsistencies remain in the
responses of some wood types to
refiner mechanical pulping, and these
inconsistencies require an explana-
tion. Here, I present the initial results

of a major study performed to extend
the understanding of the critical
relationships between the wood qual-
ity of radiata pine and the character-
isties of its thermomechanical pulps.

Wood quality variation

Within the trunks of radiata and other
pines, both basic wood density and
tracheid length increase from the pith
out to the bark and decrease up the
trunk from the butt to the top logs, as
shown in Fig. 1 (Z). The trunk may
be conveniently divided into two
components:

1. The slabwood, or mature wood,
located in the outer region of the
lower logs outside the 15th annual
growth ring

2. The corewood, or juvenile wood,
containing up to 15 growth rings
and located (a) in the central region
of the lower logs or in the whole of

the top logs of a mature tree and
(b) in the whole of a young tree
(thinnings).

Slabwood will have higher basic
density and longer tracheid length
than corewood of the same genetic
material.

Potential influence of wood
quality on mechanical
pulp quality

The performance of a mechanical
pulp is determined by the relative
qualities and quantities of its compo-
nent fractions (2). Its basic wet web
and dry sheet characteristics are
defined by the interactions of the long,
medium, and short fibers in the
development of the fiber network.
Well-developed fiber fractions consol-
idate to form a denser sheet with
higher wet and dry tensile strength
and better optical properties than the
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more bulky sheet formed of poorly
developed fiber fractions. Sheet den-
sity will also be improved by a reduc-
tion in mean fiber length. The actual
density achieved is determined by the
synergistic contribution of the fines
fraction. Fines assist the consolidation
of the fiber network and further
improve sheet density. The increased
degree of fiber-to-fiber contact caused
by the fines and the presence of the
fines in the fiber bond zone increases
sheet strength. Additionally, the fines
fill the void spaces between the fibers
and enhance the sheet optical and
printing properties.

The nature of the fiber network
developed by a specific pulp should be
determined by the morphological
characteristics of the wood from
which it is prepared. Fiber length will
influence the degree of fiber packing.
Fiber diameter and fiber wall thick-
ness may be expected to influence
fiber compliability, or flexibility, both
along the fiber length and through the
cross-section. The performance of the
fines will also contribute to the sheet
behavior. Notwithstanding this reas-
onable expectation of a predictable
relationship between wood and pulp
behavior, the mechanical pulping
industry has not yet developed a
comprehensive model.

In an earlier study, I examined the
influence of radiata pine wood prop-
erties on TMP quality (8). The density
range covered 95 kg/ms3, from 360 kg/
m3 to 455 kg/m3 within related sam-
ples of both juvenile and mature wood.
The results showed that the wood
‘type—either corewood or slabwood—
was the quality parameter that had
the greatest effect on wood properties.
When compared on the basis of either
pulp freeness, pulping energy con-
sumption, or sheet density, the pulps
of the slabwood had superior tear and
tensile strength and an inferior scat-
tering coefficient.

A particularly important finding
was that the slabwood pulps had
higher sheet density, compared at the
same freeness value. Relative to wood
type, basic wood density had only a
slight influence on refining energy
demand and the subsequent pulp
properties of the different wood sub-
samples, as compared on the basis of
freeness, sheet density, and tensile
index. Because the separation of wood
into corewood and slabwood divides
the wood on the basis of both basic
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1. Mean within-tree distributions of basic wood density and tracheid length for typical 50-

year-old radiata pine (7)

10rings -

Mean within-tree
basic density distribution

350-400 kg/m3
20 rings ~ 400-450 kg/m3
450-500 kg/m3
30 rings ~
40 rings ~
50 rings -

2-3 mm

4-5 mm

34 mm

<2 mm

Mean within-tree
tracheid length distribution

2. Origin of wood samples

Corewood

Slabwood

density and tracheid length, this
finding that basic wood density was
of secondary importance after wood
age suggested that it was tracheid
length (or some factor associated with
it) that controlled pulping perfor-
mance. Because tracheid length was
not measured in this earlier study, its
specific influence could not be evalu-
ated. Others have studied the influ-

ence of wood properties on mechanical
pulp quality but have been equally
unsuccessful in finding a strong effect
related to basic wood density (4-6).

The paradox of corewood
behavior

The thin-walled fibers of radiata pine
corewood may be expected to have



I. Wood age, wood densities, tracheid lengths and other properties for the corewood and slabwood samples

Fiber Mean
Oven- Fiber wall pulp
Wood Basic Tracheid dry dia- thick- fiber
age, density, length, contert, meter,* ness,” length,*®
Code years kg/m?3 mm % um um mm
Corewood
LL, 11 345 22 343 35.2 36 18
Le 1 375 29 36.8 355 43 1.7
M, 13 425 25 414 1.8
Stabwood
L 26 390 33 36.7 41.9 5.1 1.9
M, 27 465 30 419 36.5 5.4 21
H, 44 515 36 46.1 ... . 23
HH, 46 565 35 50.1 37.0 6.2 24
*At a freeness of 105 mL CSF,

3. Scheme of mean wood tracheid and puip fiber dimensions of selected samples at 105 mL CSF

Mean length of
wood tracheid, mm

Mean length of
pulp fiber, mm

Wall thickness, um
Fiber diameter, pm

LLc

HHg

advantages over the thick-walled
slabwood fibers in refining energy
requirements and pulp quality devel-
opment. Conceptually, the thin-walled
fiber should flex easily during refin-
ing and develop quality more readily
and with less fiber length reduction
than the thick-walled fiber (7). Sup-
posedly, the corewood would require
less energy to refine to a specific

freeness and would have higher sheet
density and higher tensile strength.
These effects would result from the
higher incidence of fiber-fiber con-
tact, from the greater fiber bond area
attained by the more pliable fibers,
and from the tighter packing of the
shorter corewood fibers.

However, this behavior is not ob-
served. Corewood pulps usually have

lower sheet densities and never have
higher sheet densities than slabwood
of equal freeness. Also, corewood
requires at least as much energy as
slabwood to develop freeness. For
thinnings, the corewood requires
substantially more energy than does
the slabwood.
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4. Size distribution profiles of corewood and slabwood chip samples
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Project strategy

The purpose of the present project was
to identify the relative influence of
both basic wood density and tracheid
length on TMP quality in a single,
integrated refining study of wood
samples from selected forest stands.
Replicate refining of all samples in a
single, randomized series was speci-
fied to eliminate potential within-
project and between-project varia-
tions in refining response. The influ-
ences of basic wood density in the
range of 345-565 kg/m3 and tracheid
length in the range of 2.2-3.6 mm
were examined.

When the project was initiated, the
scheme was to examine at least two
basic wood densities at each of three
tracheid lengths: 2.5, 8.5, and 4.5 mm.
Additionally, to allow for the compar-
ison of wood types, each sample of
corewood was to have the same tra-
cheid length as a corresponding sam-
ple of slabwood. An earlier analysis of
mean basic densities of the outer wood
at breast height of 7500 trees growing
on 250 sites suggested that this tight,
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l. Thermomechanical pulp quality at 100 mL CSF

Handsheet property values were calculated from regression equations,

Corewood Slabwood
LL, L, M. Lg M, H, HH,
Bauer-McNett classification
Fraction
+30 233 254 296 345 359 39.8 39.5
100/200 7.2 9.4 71 8.0 59 6.1 6.0
-200 33.6 33.6 312 31.3 309 311 30.1
Handsheet properties
Physical properties
Sheet density, kg/m? 368 352 351 373 358 356 348
Air resistance, /100 mL 42 38 32 65 41 50 51
Strength properties
Tensile index, N « m/g 343 326 346 39.8 382 37.8 37.3
Tear index, mN « m?/g 8.9 75 85 9.5 10.8 1.2 1.6
Burstindex, kPa - m?/g 2.2 20 22 27 26 26 25
Optical properties.
Scat. coef,, m?/a.d. kg 529 56.7 50.5 51.7 495 48.2 498
Opacity, % 95.6 96.3 95.4 95.8 96.3 96.2 96.2




HI. Comparison of linearized regressions of selected pairs of wood samples, as a function of freeness

Wood o Sheet Air Tensile Tear  Burst Scattering
samples Bauer-McNett fraction, % density,  resistance,  index, index,  index, coefficient, Opacity,
compared  +30 100/200 ~200 kg/m? §/100 mL N-m/g mNem?lg kPa-mlg  m?ad. kg %
Within stem class, between wood type

Lovs. L. ok *% * % * ** sk * %k *k * % *k

*% *% *% *% *k
M. vs. M,

Within wood type class, between wood density and tracheid
LC VS, Mc * * % * % * % %%k
Lc VS. Ms * * * % *% * % *% *
Ls vs. M s * * %k * *
Ls vs. H s * Kk * * * % * % * %k
Ls VS, HHs * * * *%x * % *
H, vs. HH;
Within tracheid length class, between wood density
LL,vs. L *k * % *% *% * %
LL, vs. M, *% * * * * * *
M, vs. H * * *
M, vs. HH; **
*Significant difference at 1% level. For values of wood density and tracheid length, see Table I.
** Significant difference at 5% level.

three-level experiment was feasible
(8).

It was only after the selected wood
samples had been chipped that impor-
tant deviations in the target and
actual tracheid lengths could be
identified. In particular, the tracheid
lengths of the slabwood samples were
generally lower than expected. Also,
the tracheid lengths of the corewood
and slabwood of the low-density sam-
ple (denoted as L. and Ls) were higher
than expected. These variations indi-
cate the difficulties involved in select-
ing wood samples with specific prop-
erties in the large quantities required
for pilot-scale refining.

v

Experimental procedures
Wood samples

Seven wood samples were extracted
from compartments within Kainga-
roa and Tairua Forests in the Bay of
Plenty region of the North Island of
New Zealand. The sampling scheme
is shown in Fig. 2. Related subsets of
corewood and slabwood were obtained
from each of two sets of trees. In the

sample coding, the samples were
classified by basic density within
subgroups of corewood and slabwood.
Basic density classifications were:

LL

I

lowest density

L = low density
M = medium density
H = high density
HH = highest density.

Low-density, short-tracheid wood
was obtained from both young trees
(LL.) and the tops of older trees (L.
and M.). High-density, long-tracheid
wood was obtained from the slabwood
of old trees (Hs and HH,). Wood,
tracheid, and fiber properties are
presented in Table I and Fig. 3. The
fibers are those of the +30 Bauer-
MeNett fraction of selected pulps of
105 mL CSF.

Enough logs were obtained to pre-
pare 5 metric tons (oven-dry equival-
ent) of chips for each wood sample
(from 10 logs to 50 logs).

Chip preparation
During chip screening, oversized

chips of 40+ mm were rejected back
to the dise chipper, and undersized
material of 10- mm was rejected to
waste. Within both the corewood and
the slabwood categories, there were
consistent trends for chip size to
increase with decreasing basic wood
density, as shown in Fig. 4.

Refining

Refining began within two weeks
after the trees were felled, and it
continued for three weeks. Ther-
momechanical pulps were produced
in PAPRO’s atmospheric, 1000-mm,
400-kW, double-disc, Bauer 410 refin-
er. The chips were batch preheated
for 5 min at 125°C immediately prior
to refining.

To acquire adequate data for re-
gression analysis, we performed 6-10
multi-stage refining sequences for
each wood sample, to produce pulps
in the target freeness range of 50-250
mL CSF. In all, 163 pulps were
evaluated for their pulp and hand-
sheet properties. Representative pulp
properties at 100 mL CSF are pres-
ented in Table I1.
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5. Tracheid length vs. basic wood density, showing long tracheid 7. Mean pulp fiber length at 100 mL CSF vs. wood tracheid length,
characteristic of Sample L showing loss of pulp fiber length for Sample L

O Corewood
® Slabwood

2.4+ - ®

&
(3]
1
&
X
I
17

221 .’ .’

w
o
T
.
[ ]
=
@
.
.

20 - .
.

P
(4
T
.
.
O
=
6

/. 7 O Corewood
OLLe -~ @ Slabwood

e

.
18F /O Ome -

TRACHEID LENGTH, mm
0
-
O
MEAN PULP FIBER LENGTH, mm
[ ]
=
7]

L ' L | 1.6 L :
400 500 600 2 3 4

BASIC WOOD DENSITY, kg/m3 TRACHEID LENGTH, mm

Fundamental evaluation 6. Long fiber fraction, R30

Two sets of pulps, either with a
common freeness of 105 mL CSF or
with a common consumption of refin-
ing energy, were chosen to determine
the effects of wood quality on the
fundamental characteristics of the
individual fractions. The results from
the series of common freeness are
presented here.

80
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Statistical analysis

Pulp quality has been examined as a 100 ‘ 300 500 . 700
function of pulp freeness, consump-

tion of refining energy, sheet density, FREENESS, mLCSF
and tensile index. Here, the variations

LONG FIBER CONTENT, R30, %

o

observed with respect to freeness are
discussed. Only the individual influ-

ences of basic wood density and 8. Relative magnitudes of the coarse fines fraction (100/200)
tracheid length are considered.

The various influences of the wood 12

properties on the pulp properties were

determined by comparing regressions R 0

between the dependent variable (e.g., @ i

the +30 fraction) and the independent 4

variable (freeness) for selected pairs ‘u'] 81

of wood samples, as presented in 2

Table III. This table shows the S sr

instances in which statistically signif- g

icant differences exist between the Q 4t

properties of pulp of the various wood S

samples (e.g., between L. and Ls). T 2 . , , ,
The data of Table IT and the general 100 300 500 700

pulp property curves presented here FREENESS, mLCSF
were plotted from the calculated | -

regression equations. Differences
between individual pulp property
curves may be examined with respect
to the information of Table III. Mul-
tiple regression analysis was not used
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9. Similarity of the magnitude of the fines fraction (~200)
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11. Compared on the basis of wood density, slabwood pulps develop higher sheet densities
than corewood pulps (100 mL CSF).
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because earlier experience had shown
that the individual pulp properties are
dominated by the influence of wood
type (corewood or slabwood) (3).

Wood, fiber, and pulp
characteristics

Despite the range of basic wood
density covered, the comparisons
made by Kibblewhite et al. (9) of the
fiber cross-sectional diameters, fiber
wall thicknesses, and width-to-
thickness ratios of the collapsed fibers
showed few significant differences
between the various wood samples,
particularly when compared within
wood types. Specifically, the fibers of
L, had larger diameters than those of
the related L.. Furthermore, the fiber
walls of HH, were thicker than those
of the other wood samples, while those
of LL. were thinner than those of other
samples.

As expected, tracheid length in-
creased with basic wood density, as
shown in Fig. 5. The tracheid lengths
of L. and L, were, however, longer
than those of the other samples.
Indeed, the pulps of wood L were not
always consistent in their behavior
relative to the other samples. The
reasons for this different response are
currently being sought.

There was less variation in some
pulp properties than might have been
reasonably expected from the range
of wood basic densities and tracheid
lengths involved. In particular, there
were only slight differences in the
-200 fraction, sheet density, and
tensile strength characteristics, when
compared against freeness. Converse-
ly, important differences in pulp
energy consumption, long fiber con-
tent, 100/200 fraction, tear index, and
scattering coefficient were obtained.
These behavior patterns are discussed
in the following sections. Wood den-
sity and tracheid length influences are
discussed for those situations in which
they were found to play an important
role.

Fiber and fines fractions
Long fiber

Within each wood type, whether
corewood or slabwood, the long fiber
content (R30) is strongly ranked by
wood density and tracheid length, as
Fig. 6 shows. This influence of wood
density may be attributed in part to
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the wood age relationship between
basic wood density and tracheid
length (Table I). Also, for an equal
number of fibers, those fibers from
wood of higher basic density will have
a greater mass per unit length than
fibers from wood of lower density.
This difference will cause a propor-
tionate increase in the weight fraction
of fibers with thicker walls and will
influence the Bauer-McNett result (6).
Generally, however, it is tracheid
length and wood type—and not basic
density—that control the long fiber
content.

The long fiber contents of both the
corewood and the slabwood of Sample
L are not retained during refining.
These samples lose proportionately
more fiber length than do the other
samples, as Fig. 7 shows. This finding
cannot be attributed to their low
density and thin fiber walls, because
LL. does not undergo a similar reduc-

“tion in length.

100/200 coarse fines

Although the relative magnitude of
the 100/200 coarse fines is small, this
fraction makes an important contri-
bution to pulp behavior. As a group,
the corewood pulps have more of this
fraction than do the slabwood pulps,
as Fig. 8 shows. There is a trend for
the magnitude of this fraction to
increase with decreasing wood densi-
ty and, hence, with decreasing wall
thickness.

The one exception to this trend is
the reduced contribution of the sam-
ple of lowest density, LL.. This excep-
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tion may be due to the high values of
L. and Ls.

-200 fines fraction

The magnitudes of the -200 fines
fractions of all samples are generally
similar, as Fig. 9 shows.

Sheet consolidation

The pulps of both the corewood and
slabwood develop similar sheet densi-
ties when compared as groups, as Fig.
10 shows. The slabwood pulps develop
higher sheet densities than do the
corewood pulps when compared on
the basis of wood density or pulp of
long fiber content (and hence, tra-
cheid length), as Fig. 11 shows. This
result confirms that of the previous
study (6). Within each wood type,
sheet density is inversely proportional
to basic wood density, tracheid length,
long fiber content, and mean pulp
fiber length.

‘We may gain insight to the complex
mechanisms controlling the develop-
ment of sheet density by evaluating
the fundamental papermaking char-
acteristics of the individual fiber
fractions. These fractions were deter-
mined by comparing the papermak-
ing characteristies of the +14,+30,+50,
and +200 fractions of representative
pulps of 106 mL CSF. To do so,
furnishes and handsheets were made
up of these fractions in mixtures
containing up to 50% of a standard
fines material (10). For simplicity,
only the behavior of the fines-free

sheets of the individual fractions are
presented here.

The behaviors of the two corewood
pulps, LL. and L., were similar across
the range of long (+14 and +30) and
short (+50) fiber and the coarse fines
(+200). The behavior patterns of the

‘slabwood material (Ls, Ms, and HH,)

were more interesting, as Fig. 12
shows. Within the +14 and +30 frac-
tions, the fiber behavior was seeming-
ly independent of wood quality. The
thicker-walled fibers of the high-
density wood (HH) consolidated to the
same sheet density as did the sup-
posedly more pliable fibers of the
thinner-walled wood (Ls and M,). In
the +50 and +200 fractions, the fibers
and fibrils of the wood of highest
density (HH;) develop the highest
sheet density.

Several complementary mecha-
nisms may be proposed to explain this
behavior. Within the pulps of the high-
density wood, sheet density appears to
be enhanced by the higher mass per
cross-section of the thick-walled fibers
and by the superior packing density
of the coarse fines fraction, and it is
by the high long fiber content. For
wood of low basic density, sheet
density appears to be enhanced by the
better compliability of the thin-walled
fibers and the low content of long
fiber, and it is reduced by the poorer
consolidating ability: of the coarse
fines. For wood of intermediate basic
density, sheet density would thus be
developed by a balance of these
influences.



13. For regression curves for freeness and energy consumption, there are no direct trends
between energy consumption and basic wood density or tracheid length, but several patterns

can be discerned.
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15. Compared at common freeness, the large differences in wood density or tracheid length

do not result in proportionately large differences in tensile index.
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The relationship between
freeness and refining energy

The regression curves for freeness and
energy consumption are presented in
Fig. 13. There are no direct trends
between energy consumption and
either basic wood density or tracheid
length. However, several patterns are
notable.

Within the slabwood group, both
wood of low and highest basic density
required less energy than did wood of
intermediate basic density (M. and
H;). In the corewood category, the
wood of lowest density required the
most energy of any of the seven
samples, and the wood of low density
(L) required less energy than did the

medium-density sample. In the core-
wood group, a higher tracheid length
equates with reduced energy con-
sumption, but this situation is contra-
dicted by the reverse relationship
within the slabwood group. There was
no simple relationship between chip
size distribution and energy consump-
tion.

The shorter mean length of pulp
fiber and the higher quantities of 100/
200 coarse fines of the pulps of Sample
L may explain some of the more rapid
freeness development with refining
energy of this wood, relative to other
wood types. This conclusion does not,
however, explain the higher energy
consumption of LL. relative to the
other wood types.

The differences between LL. and L,
are of special interest. Both wood
samples have the same anatomical
wood age. They also have similar fiber
diameter, fiber wall thickness, and
oven-dry content. Thus, they could be
expected to behave similarly during
refining. The lower energy require-
ment of HH; may be attributed, at
least in part, to the low freeness
characteristies of its +200 coarse fines
relative to those of the other slabwood
pulps, as illustrated in Fig. 14. One
notable characteristic of the different
freeness development curves was that
all required similar amounts of
energy for defibration (that is, energy
to reach 700 mL CSF), but they varied
in the energy required for fiber
development (that is, energy for
reduction from 700 mL CSF to low
freeness).

Strength parameters
Tensile strength

The large differences in basic wood
density or tracheid length do not
result in proportionately large differ-
ences in the parameters of tensile
index, stretch, tensile energy absorp-
tion index, or Young’s modulus, when
compared at a common freeness, as in
Fig. 15.

As a group, the slabwood pulps
exhibit higher levels of these parame-
ters than do the corewood pulps.
Within each wood type, there was a
trend for these parameters to increase
with an increase in sheet density and
hence a decrease in basic wood den-
sity. The one exception to this was the
corewood sample L.

Thus, the factors proposed to des-
cribe the influence of sheet density
could also influence tensile strength
behavior. It is feasible, however, that
it could be the length of the fibers,
rather than their cross-sectional di-
mensions, that influences the contri-
bution of the fiber fraction. Within the
sheets of the thinner-walled fibers, the
better degree of fiber collapse will
give more bond contact area and
higher incidence of fiber-fiber con-
tent than found in the sheets of the
thicker-walled fibers. This action will
compensate the shorter mean fiber
length of the pulps of the wood of
lower density. Conversely, within the
pulps of the woods of higher densities,
the higher mean fiber length will
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assist in the development of tensile

strength.

The behavior of the coarse fines
(100/200) fraction again warrants
special mention. As shown, the coarse
fines refined from the thick-walled
fibers of the high-density woods have
excellent sheet consolidation ability.
They also develop proportionately
better tensile strength than do those
of the pulps of the low-density wood
and even better tensile strength at a
common level of sheet density, as
presented in Fig. 16. (For experimen-
tal convenience, the 50/200 fraction
was evaluated rather than the 100/200
fraction.)

Tear strength

Figures 17 and 18 show that the
dominant influence on tear index is
exerted by mean fiber length and,
hence, tracheid length. Mean fiber
length gives a better correlation than
does the R30 fraction. Because of the

16. Tensile index of furnishes of the +14 and 50/200 fractions in mixtures with standard fines,

with respect to their sheet densities
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fiber length loss of the pulps of Sample 17 Tracheid length exerts the dominant influence on tear index.

L, tracheid length does not give as
good a correlation as fiber length.

Scattering coefficient

As Fig. 19 shows, scattering coeffi-
cient cannot be ranked directly by
basic wood density, nor can it be
ranked by tensile index or -200 fines
content, which is as expected. Howev-
er, there is a loose inverse relationship
with basic wood density, augmented
by a shorter tracheid length and pulp
long fiber content. Again, insight to
its development is afforded by the
study of the individual fiber and fines
fractions within the pulps.

At low basic wood density, the
direct ranking with basic wood den-
sity is prevented by either the superior
performance of L. and possibly Ls or
the weaker performance of LL. A
scanning electron microscope exami-
nation of the sheets of LL. showed
them to be more open than those of
L. and M. (9), despite their high
measured sheet density. This finding,
plus the lower scattering coefficient of
the -200 fines of LL., as presented in
Fig. 20 [determined by testing them
in mixtures with kraft fibers as
reference (10) ] may account for much
of the difference between the whole
pulp scattering coefficients of L. and
LL..

At high basic wood density, the
ranking of scattering coefficient with
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basic wood density is prevented by the
better behavior of HH, relative to H.
Because the fractions of H; were not
included in the fundamental study of
the pulp fractions, it is not possible to
compare them with those of HH..
However, the behavior of the fractions
of HH; relative to those of M, provides
a valuable guide to the performance
of this sample. This analysis of HH,
showed that its short fiber fraction
(+50) and coarse fines fraction (+200)
were similar to those of M, as pres-
ented in Fig. 21. As Fig. 20 shows,
its fines were better than those of M..
Despite the higher long fiber content
of HH; relative to the other slabwood

pulps, its well-consolidated sheet and
the nature of its fines material are
apparently sufficient for it to achieve
better light-scattering coefficient
than-would be predicted by ranking
by wood density alone.

Conclusions

This study offers valuable new infor-
mation on the TMP qualities that may
be obtained from radiata pine over a
broad range of basic wood densities
and tracheid lengths. Arguably, the
most important observation is the
generally small differences in sheet
properties of the pulps of the alterna-



18. Tear index is controlled by pulp fiber
length (100 mL CSF).

19. Scattering coefficient cannot be ranked directly by basic wood density.
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tive wood samples that occur despite
their wide differences in basic wood
density. Additionally, basic wood
density was not found to have the
dominant effect on such properties as
refining energy consumption as oth-
ers had proposed earlier.

The sheet density values achieved
confirm that this parameter is affect-
ed by the origin of the pulp from either
juvenile wood (corewood) or mature
wood (slabwood). Within either group,
basic wood density is inversely pro-
portional to sheet density and its
wood-age-related tracheid length.

Strong equalizing mechanisms are
apparent in the development of sheet

density and tensile strength. The
relative compliability and degree of
collapse of the fiber are balanced by
the consolidation and bond-rein-
forcing influences of the fines frac-
tions, particularly the 100/200 coarse
fines. Although it is not desirable that
high-density wood should be sought to
obtain the superior performance of its
fines, the thick-walled fibers that are
characteristic of high-density wood
may be isolated from the pulp of wood
of lower basic density by an effective
screening system.

Pulp energy consumption is influ-
enced by the factors that affect the
related parameters of freeness and

sheet density development. However,
a knowledge of basic wood density,
tracheid length, or subsequent mean
pulp fiber length is insufficient to
predict refining energy require-
ments.

A high tracheid length results in
high long fiber content, in high tear
strength, possibly in high tensile
index, and in reduced sheet density.

The simple classification of radiata

. pine juvenile wood as corewood does

not account for its disparate energy
consumption behavior with regard to
wood of equal age in either biological-
ly young trees (thinnings) or the tops
of biologically older trees (top logs).
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The possibility of some morphological
difference between both types of
juvenile wood prevents the easy dis-
cussion of the differences between the
thinnings (LL.} and the top log mate-
rial (L. and M.). If all three wood
types—thinnings, top logs, and slab-
wood—have discrete, characteristic
behavior, then the observed differen-
ces may be accounted for. Conversely,
if not, the reasons for the superior
behavior of the wood of low density (L)
must be sought. Until this matter is
resolved, the classification of juvenile
wood as “thinnings” and "top logs” will
serve for studies of this type.

It is the behavior of the pulps of the
wood of low density, L, that is of the
most immediate practical interest.
The excellent levels of light-scattering
coefficient that are achieved at lower-
than-normal power consumption
show that radiata pine can compete
strongly with spruce in this regard
(11). This behavior of low-density
wood is achieved by its faster than
usual loss of long fiber during refining
and its concurrent good development
of the fiber and fines characteristics.
Fiber cutting alone would not give
this result (12).

The scale of this study has highligh-
ted the necessarily complex nature of
any analysis of the relationships
between wood and TMP pulp proper-
ties. The heterogeneous nature of
wood within and between stems, the
need for large quantities of wood for
pilot-scale refining, and the probabil-
ities of the response of wood to TMP
refining all require that this work be
done in replicate and on a large scale
to ensure statistically significant
results. More limited studies risk the
identification of erroneous trends.

In summary, this comprehensive
study has yielded important informa-
tion on the role of both basic wood
density and wood tracheid length.
While the work has been performed
on radiata pine, the results may be
relevant to other morphologically
similar pines. The study has afforded
clarification on the role of wood
density within wood of various classes
of age. It has also raised new questions
of potential differences between thin-
nings and top log material and for
wood that may be morphologically
different in both its juvenile and
mature forms.0
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