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Kraft fibre and pulp qualities of 29 trees of
New Zealand grown Eucalyptus nitens

R. PAUL KIBBLEWHITE*, MARK J. C. RIDDELL* AND C.J.A. SHELBOURNE?!

There is a need to determine the between
tree variation in the wood properties and
kraft fibre and pulp qualities of softwoods
and hardwoods that grow well in New
Zealand. This information will be used in
the planning and management of end-
product directed plantation forests and
tree-breeding programs. Variation among
29 individuat trees of E. nitens is extre-
mely high; for the individual tree chip
samples the basic density range is
390-556kg/m?, total lignin content
25.1-29.7%, and kraft pulp yield
54-59%. Between tree variation in some
important kraft pulp properties are: fibre
length (0.780.95mm), fibre perimeter
(19.0-21.6mm), wall area (coarseness)
(53-70mm?), and handsheet bulk at
500 PFI mill rev (1.59-1.37cm®g).The
fibre width:thickness ratio and iength
combination {r* = 0.67), and the chip
density and length combination
(2 =0.64) are the best predictors of
handsheet ‘bulk. Fibres are curled and
consequently "shortened’ by puip
bleaching.
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EUCALYPTUS NITENS is a vigorous,
frost resistant and relatively disease free
eucalypt when grown in New Zealand as
a forest plantation tree species (/). On the
other hand, rather little is known of the
between-tree variation in wood and fibre
propertics of E. nizens or its potential for
processing into solid wood and recon-
stituted fibre products such as pulp and
paper.

For this reason a comprehensive pro-
gram was set up to:

« Estimate the extent of within and bet-
ween tree variation in a comprehen-
sive set of wood, fibre and chemical
properties, in a set of 29 trecs pre-
selected for a range of wood density

from 15 year old E. nitens from central
Victorian provenances grown in a
provenance-progeny trial in Kaingaroa
Forest.

« Characterize the fibre and kraft pulp
qualities of pulps made from repre-
sentative whole tree chip samples for
the 29 trees.

.+ Characterize the mechanical pulp

qualities of nine of the preselected 29
trees using the cold soda process
(CCS).

« Obtain preliminary estimates of
solidwood properties and their rela-
tionships with wood, fibre and chemi-
cal properties by sawing boards from a
1.4 m bolt taken from the base of the
butt log of each of the 29 trees.

This report covers the kraft fibre property

relationships for 29 individual tree pulps,

each representative of the 29 preselected
trees.

EXPERIMENTAL METHODS

Sample origin -

Twenty-nine 15 year old E. nitens trees
from central Victorian provenances were
taken from the Provenance-Progeny Trial
R 1977, Cpt. 1217, Kaingaroa Forest,
planted in 1979. The 29 trees were se-
lected from some 100 well grown, domi-
nant or co-dominant trees without forking
to cover a full range of basic density, us-
ing increment cores taken at breast
height. Twenty of these trees were felled
in late 1994 and the remaining nine in
mid 1995.

The 20-tree sample was made up of six
trees of low, six of high and eight of me-
dium density based on five mm diameter
increment cores. The corresponding
nine-tree sample was made up of three

trees of low, three of high and three of

medium density. At the time of felling
material was taken for wood property as-
sessment as follows: two discs (50 mm
thick) were taken from each level (0, 1.4,
5.5, 11.0, 16.5 and 22 m) as well as the
roundwood billet below the 1.4 m level.

All remaining log segments after taking
the discs were chipped in a commercial
chipper and the chips used were those
that passed through a 40 mm overs screen
and were retained on a 10 mm screen. For
the 20-tree lot all logs from each tree
were chipped; the chips mixed and 5 kg
o.d. were taken from each individual tree,
to make a well-mixed chip pile for kraft
pulping. A different procedure was fol-
Iowed with the nine trees since chip sam-
ples were first taken for each log of each
of the nine trees (manuscript in prepara-
tion), and then the chips of each of 4-5
logs of each tree were well mixed with a
front end loader before taking 5 kg o.d.
samples.

A buiked chip lot of all 20 trees was
made up by taking 300 g 0.d. equivalent
from each of the 20 samples of 5 kg 0.d.
chips. A corresponding bulked chip lot
of eight of the nine trees was made up by
taking 720 g o.d. equivalent from each of
the eight samples of 5 kg o.d. chips.
These two well mixed bulked lots were
divided into three replicate lots of about
2000 g o.d. equivalent and processed
separately using the same procedures as
for the 29 individual tree lots. The two
sets of three replicate chip samples were
used to obtain preliminary estimates of
experimental error as well as differences
between bleached and unbleached pulps.
A chip sample for one of the nine trees
(tree 98) was not collected until after the
chips had been processed for the me-
chanical pulping studies. Consequently,
the chips were kraft;pulped after they
had been pre-impregnated with caustic
soda in the PAPRO mechanical pulp pilot
plant, hence the decrease from nine to
eight trees in the number of samples in-
cluded in the bulk sample. Fortunately, a
small quantity (200 g o.d.) of non-im-
pregnated chips was available for basic
density and chemical analysis.

Breast height and chip basic density

» Outerwood breast height basic density
was determined on the outer 50 mm of
radial 5 mm cores taken at 1.4 m (I7).
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» Chip basic density was determined in
accordance with AS/NZS method P1s-79
except that the fresh green chips were
treated as being pre-soaked and not

- given the specified soaking period (2).

Chemical analyses
Chips were air dried for three days prior to
grinding (20 mesh). Samples were ex-
tracted in a Soxtec extractor with
dichloromethane, boiling time 30 min-
utes and rinsing time 60 minutes. Extrac-
tives were vacuum dried overnight. Mois-
ture contents were determined on sepa-
rate samples.

Extracted samples were further ground
to 40 mesh for analysis of lignin and car-
bohydrates. After acid hydrolysis these
were analysed following TAPPI method
T222 om-88 for lignin, TAPPI method
um250 for acid soluble lignin, and the
method of Pettersen and Schwandt (3) for
carbohydrates.

Pulping and bleaching

One Kraft pulp of Kappa number 2042
was prepared from each chip sample by
varying the H-factor at constant alkali
charge. The pulping conditions for the
20-tree sample lot were:

12% effective alkali as Na,O

30% sulfidity

4:1 liquor to wood ratio

90 minutes to maximum temperature,

170°C
Pulping conditions for the nine-tree sam-
ple lot were similar except that sulfidity
was 33 %, and effective alkali was 8.9 %
(as Na,Q) for the chip sample (tree 98}
pre-impregnated with caustic soda (calcu-
lated as 3.1 % Na,O left in pulp).

Pulps were prepared in 2.0-L pressur-
ized reactors with 300 g o.d. chip charges.
Pulps were disintegrated with a propeller
stirrer and screened through a 0.25 mm
slotted flat screen. After dewatering and
fluffing, Kappa number, per cent rejects
and total yield were determined.

Half of each of three replicate pulps
prepared from each of the bulked twenty
and eight individual tree chip samples
- were fully bleached with constant chemi-
cal charges in each stage of a DEoD se-
guence. Bleach conditions were:

D stage: 0.25 active chlorine multiple,
100% industrial chlorine dioxide, 10%
stock concentration, 50°C, 60 minutes,
Eo stage: 2.0% NaOH, 0.25 MPa 0, 10%
stock concentration, 70°C, 60 minutes.
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D stage: 1.0% ClO,, 0.4% NaOH, 10%
stock concentration, 70°C, 180 minutes.

Handsheet preparation and
evaluation

Handsheets were prepared and pulp
physical evaluations made in accordance
with AS/NZS standard procedures. The
load applied during pulp refining with
the PFI mill was 1.77 N/mm. Pulps were
refined at 10 % stock concentration for
500, 1000, 2000 and 4000 rev.

Fibre dimension measurement

Cross-section fibre dimensions, (both
means and distributions), of thickness,
width, wall area, wall thickness,
perimeter, cross-section area and the
width : thickness ratio were measured
using image processing procedures des-
cribed previously (Fig. 1) (4). Measure-
ments were made on dried and rewetted
fibres. reconstiteted from handsheets.
Length weighted average fibre lengths
were determined with a Kajaani FS 200
instrument using TAPPI method T271
pm-21. Fibre curl index was measured
using the algorithm and procedure
described by Milier (5).

Statistical calculations

Regression models for the prediction of
tree average kraft handsheet properties
adjusted to 500 PFI mill rev, from
unrefined kraft fibre dimensions and
chip basic density and lignin content
were calculated using simple linear
regression. For models with two or more
predictor variables, multiple linear
regression was used. Paired-comparison -
tests were used fo determine the
significance of the differeénces in fibre
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Cross-section diagram of a
fibre from a handsheet, dried
and rewetted .

Fig. 1

and handsheet properties between the
three unbleached and bleached pulps.

RESULTS AND DISCUSSION

Wood chip, kraft fibre and
handsheet property variation

Chemical compositions of the 29 indi-
vidual tree chip samples show marked
between tree variation with total lignin
contents ranging from 25.1-29.7 % and
total carbohydrates ranging from
59.0-63.4 % (Table 1 and reference 16).
Total lignin and carbohydrate contents
in turn influence pulp yield which ranges
from 54-59 % for the 29 individual trees
(Table 1,2). Pulp yield tends to increase

with decreasing chip lignin content and -

increasing carbohydrate content. Similar
wide ranges in property values are ob-
tained for chip density (390-556 kg/m?},
the important fibre dimensions of length
(0.78-0.95 mm), perimeter (19.0-
21.6 mm), size (width X thickness)
(83-106 mm?), wall area (coarseness)
(53-70 mm?), the width/thickness ratio
(1.80-2.09) and handsheet apparent den-
sity at 500 PFI mill rev (0.627-0.732
glem®) (Table 1,2).

Correlations of individual-tree
wood chip, kraft fibre and
handsheet properties

Breast height density is highly correlated
with whole tree chip density (#2=0.70)
{16). Of the kraft fibre properties, the
width:thickness ratio or collapse poten-
tial is most strongly correlated with chip
density (r*=0.55), followed by the
perimeter:wall thickness ratio (+*=0.31).
These trends are similar to those obtained

Table 1
Variation in selected chip, fibre and
handsheet properties for the 29

individual trees

>

Property Range

Chip basic density, kg/m® 390-556
Chip totai lignin, % 25.1-29.7
Chip total carbohydrates, % 558.0-63.4
Pulp vield, % 54-59

Fibre length, mm 0.78-0.95
Fibre perimeter, (W+T) mm 19.0-21.6

Fibre cross-section area, (WxT) mm? 83-106

Fitire wall area (coarseness), mm? 53-70
. Fibre collapse potential, W:T 1.80-2.09
Handsheet bulk, cm®/g 159-1.37

Handsheet apparent density, g/fem?® 0.627-0,732




Table 2 Unrefined E. nitens fibre dimensions and handsheet propertles at 500 PFI mill rev M
IndividualHandsheet properties at 500 rev PFI mill** Wood properties Total Unrefined kraft pulp fibre properties .N|
tree pulpApparentTensile Stretch LighiBreast heightChip Chip  Chip yield at Length Width ThicknessPerimeterWidth x Wall = Wall Width/ W+T/ WaT/ Relative M
density index % scatteringdensity density total carbo- Kappa mm pm um pm  thick. area thick. thick. Tw A, number 2
g/lem® N.m/g coefficlentkg/m* kg/m* lignin hydrate 20 : gm? pm? T am . of fibres =
m¥kg D, D, g/100g g/100g Y L w T waeT  WXT A, ..,.,F._.s wIT m
1 0.627 84 2.58 36.0 532 556 27.8 60.4 57 0.83 12.7 74 18.8 o1 60 243 1.86 85 0.35 113 S
2 0.631 93 2.15 32.5 466 533 27.1 61.7 57 0.88 12.6 7.2 19.9 a3 64 270 1.80 76 033 100 M
3 0.641 85 248 33.9 479 492 26,5 61.0 58 0.87 12.6 6.9 195 88 59 2.51 1.88 81 035 110 W_
4 0.642 91 222 322 475 498 27.3 61.0 56 0.87 13.1 7.3 20.4 98 61 232 1.85 8.1 0.35 106 <
5 0.648 100 237 327 432 484 25.1 63.4 58 .95 12.9 6.9 19.8 91 61 252 1.94 8.2 0.24 97
-] 0.643 91 239 323 496 497 26.9 61.7 56 0.93 124 6.7 19.0 83 53 2.14 1.9 9.2 0.38 114
7 0,649 95 2.55 336 435 456 281 59.9 56 0.90 134 7.2 20.5 96 62 2.33 1.95 9.1 0.35 101.
8 0.651 97 245 33.3 427 480 27.8 60.7 57 0.87 13.1 7.1 20.2 95 65 262 1.91 8.0 0.33 100
9 0.657 102 2.56 31.7 400 475 26.4 61.5 59 0.0 13.5 74 20.6 97 64 245 1.96 87 0.34 98
10 0.668 96 2.56 326 479 494 278 59.0 55 0.83 129 6.9 19.9 a0 59 240 1.85 86 0.36 115
1 0.671 104 2.65 330 435 492 28.1 59.5 56 0.85 12.7 6.9 196 88 59 247 1.93 8.3 0.35 112
12 0.673 112 251 318 480 466 26.9 6i.2 58 0.94 127 6.6 18.3 84 56 231 200 87 0.36 107
13 0678 LY 24 31.2 396 454 27.9 61.0 54 0.85 138 7.0 20.8 97 65 2.54 207 8.7 0.34 102
14 0.677 110 259 31.4 434 488 27.8 59.7 56 0.85 134 7.0 205 25 €6 276 2.00 78 0.33 100
15 0.681 89 272 324 525 542 27.9 59.7 55 0.82 12.9 7.3 20.2 95 64 268 1.84 7.8 0.33 107
16 0.678 102 275 32.8 427 431 27.4 60.0 56 0.88 135 74 20.6 96 63 243 1.99 8.8 0.34 102
17 0.677 11 2.67 34.2 388 406 - 270 603 57 0.95 13.2 6.8 20.0 90 56 211 202 9.7 0.37 106
18 0.681 103 2.65 315 430 484 276 60.2 56 0.92 129 68 19.7 88 59 2.44 1.96 84 0.35 104
19 0.685 108 2.80 30.4 428 490 280 59.1 55 0.84 135 6.7 203 93 62 224 2.07 87 0.35 108
20 0.693 93 2.356 307 456 506 2714 61.8 59 0.85 12.6 6.9 19.5 87 57 240 1.90 83 0.35 116
21 0.693 111 247 301 430 479 275 60.4 56 0.87 14.1 74 216 106 70 2,65 196 85 032 92
22 0.694 109 2.58 314 382 456 274 61.7 56 0.81 134 6.9 20.3 93 61 237 2.05 8.0 0.36 114
23 0.700 98 249 316 385 435 28.0 60.7 57 0.87 13.7 74 20.8 98 66 2.52 2.00 87 0.34 98
24 0.702 106 2.96 334 431 484 277 60.7 55 0.82 13.3 6.7 20.0 90 57 215 204 . 97 0.37 120
25 0.705 ~ 106 270 286 433 494 275 60.1 55 0.81 134 6.9 204 95 62 247 20 87 0.35 112
26 0715 114 2.55 314 392 462 278 59.8 55 0.82 133 6.7 20.0 90 59 2.32 203 9.0 0.36 116
27 0716 107 R 33.8 390 411 29.0 58.7 55 0.83 13.0 6.6 18.7 88 57 232 203 88 0.36 118
28 0.732 121 3.23 29.9 404 437 297 59.1 54 0.86 134 67 201 A 59 235 206 80 036 111
29 0.731 117 263 30.3 376 390 28.0 59.3 56 0.78 13.6 68 20.3 a3 60 232 209 9.1 0.35 120

Mean 0877 . 102 2.59 321 435 474 276 €0.5 £6 0.86 132 6.9 20.1 92 61 242 1.97 8.6 0.35 108
StdDev 286 9.28 0232 154 41.2 382 085 1.0 144 00443 0419 0218 0528 482 371 0164 Q0766 0513 00137 765
CV% 422 9.10 8.96 4.80 8.47 8.06 2.95 1.67 2.57 5.15 3.17 3.16 2.63 5.24 6.08 6.78 3.89 597 3.9 7.08

LSD* g . 0.03 08 03 0.70 7 4 0.1 0.1 040 0012

* LSD: Least significant diiference between means at the 95 % level of significance
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for radiata pine individual tree pulps pre-
pared from eleven 16 year old clones (6),
and from 25, 13 year old trees selected for
extremes of tracheid perimeter and wall
thickness (7). Other fibre properties are
generally poorly correlated with chlp
density except width by itself which 'is
accounted for as a component of the
width:thickness ratio.

Handsheet apparent density, tensile
strength and light scattering coefficient
are important eucalypt pulp quality de-
terminants (8,9). Handsheet property pre-
dictions are made at 500 PFI mill rev as
the basis of comparison for reasons de-
scribed elsewhere (6,70). Correlations be-
tween these handsheet properties from
chip and kraft fibre properties are indi-

Table 3

Prediction of individual-tree
handsheet properties adjusted to 500
PFI mill rev by kraft fibre dimensions
and some wood properties

Dependent Independent e
variable variables
Apparentdensity T,,andP ns*
L 0.24
T.+R 0.16
T,+P+L 037
WIT 0.57
WIT+L 0.67
P, 0.13
PT +L 037
D, 0.36
D +L 0.64
D +Lg 0.53
D +Llg+lL 066
o~ 0.40
D,+L 0.60
Ly 0.31
Lg+Ll 0.36
Tensile index T, Land P/T, " ns*
T, +P 0.14
T,+P+L 0.16
WIT 0.64
WT+L 0.64
PT +L 0.14
b, 0.37
D.+L 043
D +Llg 042
D +Lg+L 0.44
D, 0.51
D, +L 0.53
Lg 0.14
Lg+L 0.14
Light scattering WIT 0.19
coefficient WIT+L 0.21

* No correlation at tha 95 % level of
significance if r2 < 0.12 width (W), thickness
(T). perimeter (P}, chip density (D,}, breast-
height density (D,), fignin {Lg) and length (L).
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cated in Table 3 and reference 16. The
kraft fibre width:thickness ratio is con-
sistently the best predictor of the selected
handsheet properties; apparent density
(=0.57), tensile index (r*=0.64) and
light scattering coefficient (r*=0.19). The
fibre perimeter:wall thickness ratio, chip
basic density and chip lignin content are
also correlated to some degree with the
three handsheet properties.

Handsheet apparent density is a
measure of fibre packing density and web
structural organization, and therefore
expected to be predictable from mean
fibre dimensions and/or fibre dimension
populations. Multiple linear regression
techniques are used to estimate the
combined influence of two or more fibre
properties. For the 29 E. nitens pulps,
handsheet apparent density is best
predicted by either the fibre width:
thickness ratto and length, or the chip
density and  kraft fibre Ilength
combinations (Table 3). Chip lignin by
itself, the chip density and lignin
combination, and the kraft fibre
perimeter:wall thickness ratio and length
combination, are also moderate to strong
predictors of handsheet apparent density.
Prediction equations together with their
r* and standard error values are listed
(16}. Further explanatory notes follow:

* ‘The ratio fibre width:thickness reflects
the collapsed configuration of the
kraft fibres in handsheets, and the high
correlation with apparent density
could therefore be expected since high
and low collapse potentials would
give high and low sheet densities re-
spectively (6).

* The ratio perimeter:wall thickness is a
measure of the interactive influences
of fibre perimeter and wall area or
coarseness, since for a given wall area
a thick walled fibre will be of small
perimeter and resist collapse, and a
thin walled fibre will be of larger pe-
rimeter and collapse more easily.
Hence, the perimeter:wall thickness
ratio can be expected to influence
handsheet apparent density values
(11,12).

« Chip basic density is a measure of the
total mass and volume of a chip sam-
ple. It is evidently strongly influenced
by the dimensions and coarseness of
the fibres, the tissue component which
makes up the largest part of the wood
chip mass.

* The added influence of fibre length on
handsheet apparent density when in
combination with the width:thickness
ratio, the perimeter:wall thickness
ratio or chip density can be readily
explained; for handsheets made up of
fibres of the same cross-section
dimensions, short fibres will increase
and long fibres could be expected to
decrease packing and handsheet
density,

The mean fibre properties of length, wall

thickness and cross-section perimeter to-

gether can be expected to describe the
size, shape and coarseness of the fibres of
pulp from a given tree, and in turn
handsheet packing densities and struc-
tures, Hence, it could be expected that
the fibre length, wall thickness and pe-
rimeter combination should be a good
predictor of handsheet apparent density
for the 29 E. nitens individual tree pulps.

While such trends are indicated for these

three variables, particularly when in com-

bination one with another (r2=0.37), their
reliability of prediction are low compared

to the width:thickness ratio (Thable 3).
Handsheet tensile strength is best

predicted by the kraft fibre width:

thickness ratio or chip basic density

individually (Table 3 and reference 16).

Fibre length is generally unimportant in

this context either by itself or when in

combination with either the width:
thickness ratio or chip density. Hence,
tensile strength appears to be determined
more by the development of fibre
bonding than by length related network
reinforcement properties. Such a state-
ment ignores the clear dependence of
tensile strength on apparent density
which in turn is determined by fibre
packing densities and” arrangements in

handsheets (Table 2 and reference 7).

Tensile strength prediction with the wall

thickness, perimeter and length combi-

nation is poor (Table 3). %

Handsheet light scattering coefficient
is poorly predicted by kraft fibre
properties or chip density. The best fibre
property predictor of light scattering

coefficient is the width:thickness ratio

although the coefficient of determination
is relatively low (Table 3). Fibre perimeter
shows some correlation with light
scattering coefficient (/6) in agreement
with trends obtained with radiata pine
individual tree pulps (6,7).

Handsheet property predictions from
fibre properiies for the 29 E. nitens
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individual trees are overall similar to  coefficient) and formation are normally range on the tensile strength-apparent
those obtained for cleven radiata pine  obtained with eucalypt market kraft density relations for the 29 pulps is
clones (two trees per clone) (6). The chip  pulps because their fibres are short, of low  indicated in Figure 2. Each regression
basic density and length, and the kraft  coarseness, stiff and uncollapsed, and line is based on handsheet data deter-
fibre width-thickness ratio and length  present in large numbers compared to mined at each of four refinining levels —
combinations are again found to be the  other hardwood fibres (8.9) 500, 1000, 2000 and 4000 rev. All pulps
best predictors of -handsheet apparent The 29 individual tree E, nitens pulps  can be refined to high tensile index
density. Similarly, fibre length is again  are numbered 1 to 29 in ascending order  although refining requirements can be
shown to be unimportant in the of sheet density in Table 2 and reference  very different. Also, the lower the hand-
prediction of handsheet tensile strength, (I6). Handsheet property data are sheet apparent density (or higher the
either by itself or when in combination  presented in (16). The effect of the large  bulk) of the unrefined pulps the lower are
with chip density or the fibre 0.627-0.732 glem® apparent density their tensile strengths. Pulps 1-7 with their
width:thickness ratio. .
The prediction of handsheet properties

adjusted to 500 PFI mill rev from 150
unrefined fibre properties represents an 5" Trees 1-7
effective way of partly describing fibre E__'mo [
and handsheet property relationships. It i
is, however, the prediction of combi- a0
nations of handsheet properties which is § 00
required to fully characterize paper- oo}
making furnishes and systems. For 80 - s . :
example, while the tensile strengths of a 0% 085 Ag';:r ent Density (g',::f,, o8 08
range of kraft pulps can be similar, their
apparent density, light scattering coef- 150
ficient, and tearing resistance values can 140}
be very different (7,12). The direct Tix| Trees 8-14
prediction of combinations of handsheet Z ol
properties from fibre properties is, ﬁm ]
however, associated with a number of 2
problems because of the effects of wide &'°f
ranges in fibre and handsheet properties, sor
pulp refining levels and conditions, and 8 pye pr o7 050 Py
the bases of comparison selected, as well Apparenit Densily (giem?)
as a need to interpolate or extrapolate
data. Some of these difficulties have been 150
overcome in the selection of fibre types Mot
for different paper and pulp grades by Tl Trees 15-21
using the apparent density of ‘unrefined’ sl
pulps (500 PFI mill rev) as the base ..
against which other ‘onrefined’ hand- Ewu-
sheet properties are compared (7). = sl
Handsheet property relationships oy Py o P o .
Eucalypt market kraft pulps are known to Apparent Density (gicn?)
combine the most important pulp and
paper properties in a particularly favour- 3 .
able way (8,9,13). They give good :z , \
strength and formation with excellent s :
bulk and optical properties. Handsheet E"”' Trees 22-29 /
bulk is particularly important since 3y
strength can normally be developed by < 1of -
refining provided the resulting bulk ?100 -
meets the requirements of the product P ol
being manufactured. The pulps from 29 50 . . . .
trees of E. nitens show a wide range of 080 085 o 075 080 085
handsheet bulk values at 500 PFI mill rev Apparent Densty (gler”)
(1.59-1.37 cm®g), which is the reciprocal
of the apparent density range of 0.627- Fig. 2 Tensile index and apparent density relationships.
0.732 g/fcm’ of Table 2. Excellent optical '
properties (opacity and light scattering

118 Appita Journal Vol. 51 No. 2
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Light scattering coefficlent (mi/kg)
ha w (4]
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low apparent density (high bulk) and
good potential to develop tensile strength
with refining would be suitable for the
manufacture of wood free tissue, and
printings and writing grades (7). Pulps
22-29, on the other hand, are deficient

o Trees1-7 in bulk and unsuitable for such an end
) . ‘ ) use despite a high potential to develop

A ppn e e 080 085 tensile strength.
Apparent Densily (g/cm?) Handsheet bulk is highest for the

E, nitens pulps with the lowest fibre
width:thickness ratio, or the better com- .
binations of low width:thickness and
long fibres (Table 2), The fibre width :

thickness ratio is measured from fibres

which are first pressed and dried in the

handsheeting process {4). Hence, the
om0 o7

5

(=1
(]
T

[\*]
o
T

Trees 8-14 . . . .
width : thickness ratio is a direct measure

of the collapse potential of the fibres
o80 085 within a pulp.

Light scattering coefficient decreases
with increasing apparent density but with
light scattering values at a given density

dependent on the apparent density value

i of the unrefined pulps (Fig. 3). Hence, at
i 0.7 gfem? apparent density, average light
Trees 15-21 scattering coefficients of the refined

pulps are about 27 m%kg for trees 1-7,
about 29 m¥kg for trees 8-14, about
31 m¥kg for trees 15-21, or out of range
for trees 22-29.

The wide handsheet apparent density
range of 0.627-0.732 g/cm® for the 29
individual tree pulps suggests a high

. potential for tree selection based on this
pulp quality determinant. The problem is
Trees 22-29 the availability of non-destructive tests

: for screening individual forest trees to find
‘ : . . those with the desired fibres. While breast
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pParent Denslly (e correlated with whole-tree chip density
Fig.3 Light scattering coefficient and apparent density relationships. (r*=10.70) for the 29 tree E. nitens sample,
corresponding correlations with handsheet
Table 4 : ' density are relatively low at 2= 0.36 and
Fibre cross-section dimensions of pulps made from replicate bulked chip r*= 0.40 respectively (Table 3). Breast
samples from 20 and 8 individual trees — Comparison of bleached and height density together with fibre length
unbleached pulps are required to give§ more realistic
estimates of handsheet apparent density
Pulp Length Width Thick. Perimeter Width x Wall area Wall thick. Width/  ,2_ g 60 (Table 3). Unfortunately, breast
mm mm mm mm  thick. mm? mm? mm thick . "
height and whole tree fibre length relation-
Bulk20/1 Unbl. 0.86 13.2 6.8 20.0 90 59 233 2.00 Ships have yet to be detcrmined (7).
Bulk20/2 Unbl. Q.85 13.2 7.3 20.4 97 64 2.48 1.88
Bulk20/3 Unbl. 0.86 13.0 6.7 19.7 88 57 2.26 201 . Unb » .
Bulk20/1 Blch, 0.79 13.0 6.5 19.5 85 55 217 2.09 h clle;cht:d and ?tleac:r ?d ﬂb;? and
Bulk20/2 Bich. 078 130 66 19.7 87 57 225 208 anasheet property relationships
Bulk20/3 Bich. 0.79 13.0 6.6 18.5 86 57 228 2.08 Estimates of the fibre and pulp qua]ity
Bulk08/1 Unbl. 0.92 12.8 6.7 19.5 88 57 229 1.98 : :
Bulk08/2 Unbl. 091 130 68  19.8 89 56 220 199  Jifferences between unbleached and
Bulk08/3 Unbl. 0.89 127 62 196 88 57 224 193  bleached eucalypt kraft pulps are asses-
Bulk08/t Blch. 0.81 126 6.8 19.4 86 58 2.42 1.95 sed using two sets of paired bleached and
BulkG&/2 Bich. 0.81 13.1 6.6 19.7 86 58 2.35 2.08 unbleached pulps. Each set of three pulps
Bulk08/3 Bich. -0.80 13.2 6.6 19.8 87 58 2.30 2.09
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Table 5 Table 6
Curl index for replicate unbleached Handsheet properties of two sets of replicate unbleached (U) and bleached (B) pulps
and bleached pulps made from the
same chip source Pulp PFI Pulp Apparent Bulk  Tensile Stretch Light scat.
mil  freeness density cm¥g index % coef.
Pulp Curl  Standard rev CSF gl/cm? N.m/g m¥kg
_ index deviation  pyoo/-U 500 520 0676 148 105 257 320
Bulk20/1 Unbleached 0.1307 0.0695 Bulk20/2-U 500 515 0.667 1.50 101 246 337
Buk20/2 Unbleached 0.1338  0.0653 Buk20/3-U 500 525 0656 152 101 259 327
Bulk2O/3 Unbleached 0.1308 00627  DukeUliB 330 4O 0% I o 39 9
Bulk20/1 Bleached 0.1655 0.0754 Bulk20/3-B 500 435 0.685 1.46 % 3,08 34.9
Bulk20/2 Bleached 0.1536  0.0676 Bulkog/1-U 500 520 0664 151 101 260 340
Bulk20/3 Bleached 0.1601  0.0756 Bulkog/2-U 500 525 0.675 148 105 269 337
LS 0.0122 Bulko8/3-U 500 520 0.674 1.48 101 253 33.9
Bulk0s/1-B 500 520 0.680 147 97 327 354
* Least significant ditf_ere.qce between means Bulkdg8/2-B 500 470 0.683 146 94 3.16 356
at the 5 % level of significance Bulk08/3-B 500 495 0.687 1.45 93 3.40 348
was produced from the same chip source
{bulk 08 and bulk 20).
Fibre property data for the two sets of 20 individual trees 8 individual trees
three replicate bulked samples show that 150 150
the bleached fibres are ‘shorter’, more
collapsed and correspondingly smaller in 140 |- o 140
cross section area (width x thickness) I & o
compared to unbleached fibres (Table 4) E 130 $ E 130}
: Z & Z
as expected (15). Corresponding changes E (d %
in fibre wall dimensions (perimeter, wall 201 3 B 1201
area and wall thickness) expected to be o [ =
brought about by bleaching cannot be g 10 @110}
detected because of the small size and i =
mass of eucalypt fibres. The shortening 100 ¢ 100 -
effect of the bleaching process is ex- |
; . 90 Ll 90 T L
plained by the development of increased 0.60 0.65 0.70 0.75 0.80 0.85 0.60 0.65 0.70 0.75 0.80 0.85
fibre curl resulting from pulp mixing at Apparent Density (g/cm?) Apparent Density (g/cm?)
medium stock concentration (Table 5)
(14). The measured increase in fibre col-
lapse is in agreement with the removal of Fig.4 Handsheet tensile index and apparent density for unbleached (—) and
residual lignin and other wall material by bleached (—) replicate bulk pulps.
the bleaching process. Paired comparison
t-tests were used to compare the two sets
of three replicate pulps before and after o e .
bleaching. Pulp average length weighted 20 individual trees 8 individual trees
fibre length and cross-section area (width 5 5
x thickness) are decreased, and fibre col- E 35T % 35F
lapse potential (width: thickness) and < £
curl are increased by bleaching to signifi- § 'é
cant extents (Table 4,5). Fibre wall di- g 30T g 3or
mensions were statistically vnchanged by g §
bleaching at the 95% level of signifi- = @
cance, 25 = 251 |
Handsheet apparent density, stretch § |
and light scattering coefficient are in- a 5
creased, and tensile strength is decreased 5 20} g Bool
by the bleaching treatment when - , , L - Ly
compared at 500 PFI miil rev (Table 6) 0.60 0.85 0.70 0.75 0.80 0.85 0.60 0.65 0.70 0.75 0.80 0.85
(16). Paired comparison #-tests were used Apparent Density {g/cm®) Apparent Density (g/cm?)
to compare the two sets of three replicate _ ‘
pulps before and after bleaching. At 500 Fig.5 Handsheet light scattering coefficient and apparent density for the
PFI mill rev pulp freeness, apparent unbleached {----) and bleached (—) replicate bulk pulps.
120 | Appita Journal Vol. 51 No. 2 -
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density and tensile index are decreased,
and handsheet stretch and light scat-
tering coefficient are increased by
_bleaching to significant extents (5%
level). The increase in apparent density
and the decrease in tensile index that
occur with bleaching are retained with
pulp refining (Fig. 4). Note: Bleached
pulp ‘Bulk 20/2' was inadvertently
refined for 7000 rather than 4000 rev
(Fig. 4.5).

Handsheet light scattering coefficient
is higher for the bleached than for the
unbleached pulps when compared at
given apparent densities (Fig. 5). Relative
light scattering coefficient differences
between the bleached and unbleached
pulps are unchanged by refining (Fig. 5).

CONCLUSIONS

The range of individual tree and kraft
fibre and pulp properties for the 29
E. nitens trees is extremely wide: chip
density 390-556 kgfm?, pulp yield at 20
Kappa 54-59%, fibre length 0.78-
0.95 mm, and handsheet apparent density
at 500 PFI mill rev 0.627-0.732 g/cm®,

Breast height chip density is strongly
correlated with individual-tree chip
density (r* = 0.70), but both show only
poor to moderate correlation with the
important handsheet properties; apparent
density (> = 0.36 and 0.40) and tensile
strength (72 = 0.37 and 0.51).

The kraft fibre width:thickness ratic or
collapse potential is the best individual
property predictor of the important
handsheet properties; apparent density
(r*=0.57), tensile strength (r*=0.64)
and light scattering coefficient
(P =0.19).

Handsheet bulk, the reciprocal of
apparent density, is an important quality
determinant of E. nitens kraft pulps since

L
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the higher the bulk of the unrefined pulp
the higher is the potential to develop
useful tensile strength with refining.
Other handsheet strength and optical
properties can normally be developed by
refining provided the resulting bulk
meets the requirements of the product
being manufactured. The fibre width:
thickness ratio and length combination,
and the chip density and length combi-
nation are the best predictors of
handsheet bulk or apparent density,

Pulp bleaching at medium stock con-
centration causes fibres to curl and
consequently to appear ‘shortened’ com-
pared to unbleached pulps. Bleached
fibres collapse more readily than
unbleached fibres, but expected changes
in wall dimensions cannot be detected
due to the small size and mass of
eucalypt fibres. Unrefined handsheet
apparent densities are increased and
tensile strengths decreased by the pulp
bleaching process.
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