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Effect of the age of tree on pulping and paper properties

of Dipterocarpus crinitus (Keruing mempelas)
(Research note)

By

Kinji SuiMapa’, Knoo Kean Choon‘?

Mohd. Nor bin Mohd. Y usorr®
and Leg Tack Wan®

Summary : To study the effect of the age of tree on pulping characteristics, three trees of
different ages (10, 30 and 50 years old) were collected from the same location and their chemical
composition, morphological properties, and pulping & paper properties were investigated.

Chemical variation with increasing tree age was indicated by a decrease in holocellulose, hot
water and 1% NaOH extractives, and an increase in lignin, pentosan and alcohol-benzene
extractives.

Morphological properties showed an increasing trend in fibre width, fibre wall thickness and
Runkel ratio, and a decreasing trend in fibre lumen width and in the coefficient of suppleness
with the age of tree. No clear trend was exhibited in the variation involving fibre length and
felting power.

Although all three samples were easy to pulp using the sulphate process, their screened
yields were generally low. The 50 years old tree required more chemicals than the 10 years old
or 30 years old tree.

Pulp evaluation indicated that the breaking length and the burst index of the unbleached
and bleached pulps generally decreased with tree age. In all cases, high Kappa number pulps had
better paper properties compared to low Kappa number pulps. It was suggested that the
former had less fibre damage than the latter.

The amount of pitch (yellow pitch specks) deposited on pulp sheets was slightly larger in
the older trees, but very small compared to Dipterocarpus baudii.

The results indicated that the significant change with wood age of the principal fibre
properties had a corresponding effect on the paper properties.

1. Introduction

It has been reported that the Dipterocarpus species can be used in chemical pulping, but
do not give good paper properties because of their specific fibre morphological proper-

12 Purthermore, they are also resinous species®.

ties
A comparison study on similar species of imported tropical hardwoods in Japan and
Malaysian hardwoods showed that there were clear differences in morphological properties
and pulping & paper properties between the two materials?. The differences were
probably caused by differences in the age of trees.
Hirpis reported the relationship between wood age and wood-density, fibre morphology
and vessel morphology of Eucalyptus pilularis, and it was observed that the diameter of

vessel, fibre length and fibre width increased with the age of tree®.
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There are therefore, large differences in chemical components, fibre morphological
properties and pulp & paper properties among the same species of tropical hardwoods, due
to the influence of wood age. In order to obtain optimal benefits from a material for pulp
and paper manufacture it is important to determine the best age for its harvesting, as has
been done on Eucalyptus camaldulensis, a fast-growing species used in reforestation®.

In this report, the effect of wood age on the pulping and paper characteristics of

Dipterocarpus crinitus was investigated.

2. Experimental

2.1 Wood samples

The samples were collected from the Merlimau Forest Reserve, Jasin, Malacca within
an area of 1 sq. km. The estimated ages of the trees were taken from the records of the
forest station. The 10 years old tree was measured at 6 cm in diameter (breast height) and
7.5 m in height, the 30 years old tree at 24 cm in diameter and 27 m in height, and the 50
yvears old tree at 39 cm in diameter with no information on its height. The other wood
species used for comparison purpose was Dipterocarpus baudii.

2.2 Sample preparation

Studies on the pulping and paper properties were performed on 2 cm thick discs taken
at breast height and at height level of 50% and 80% of the tree height. Determination of
the proximate chemical composition was carried out on the breast height discs which were
in turn subdivided into inner and outer zones of sapwood and heartwood.

2.3 Chemical composition

All analyses were made according to Tappi standards.

2.4 Fibre morphology

Wood splints were produced from one disc from the billet at breast height. Wood
fibres were prepared by digesting the wood splints through successive additions of acetic
acid and 30% H,0, over a water bath, and shaking up the softened wood splints with glass
beads in a bottle.

2.5 Pulping procedure

Sulphate pulps were prepared in 6.5 liters stainless steel autoclaves (MK Didester,
USA) heated to a temperature of 170°C by a controlled electric heater. The pulps, after
washing, were screened on a fractionator using a plate with 0.15mm slots. Pulping

conditions and results are shown in Table 4.

Table 1. Bleaching conditions

Pulp Temp. Reaction time
Treatment consistency . Chemicals*
C) (hr)
First stage (Clg) 4 25—27 1 120%
(Roe No.)
Second stage (NaOH) 6 60 1 2.5
Third stage (ClO3) 6 60 2 1.0
Fourth stage (NaOH) 6 | 60 1 1.5
Fifth stage (Cl02) 6 80 J 2 1.0

Note) * :Pulp basis, Roe No. is calculated from Kappa No. X0.16.
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2.6 Bleaching

Pulps were bleached by a five-stage (C-E-D-E-D sequence) process. The bleaching
conditions used are shown in Table 1. The brightness and color reversion of the bleached
pulps were determined according to ISO 2470 and Tappi UM 200, respectively. The
numbers of resin spots on the paper sheets were counted under a stereo microscope (X 15).

2.7 Evaluation of pulps

Pulps (equivalent to 24 g o.d. per charge) at 3% consistency were beaten in the Lampen
mill. Sheet making and testing were carried out according to appropriate Appita
methods.

3. Results and discussion

The results of the chemical analysis of wood samples from trees of 3 different ages (10,
30 and 50 years old) are shown in Table 2. The 10 years old tree was distinguished from
the others by having relatively high contents of ash, hot-water extractives and 1% NaOH
extractives and low contents of alcohol-benzene extractives and lignin. There was a
slightly decreasing trend in holocellulose and alpha-cellulose contents except in the case of
the sapwood of the 30 years old tree. Lignin, pentosan and alcohol-benzene extractives,
however, showed an increasing trend with wood age.

These chemical compositions of D. crinitus were broadly similar to those of soft-

LD The increase in alcohol-benzene solubles with wood age, and from the sapwood

woods
to the heartwood in the 30 years old and 50 years old trees, tallies with the fact that as the
wood matures it tends to accumulate extractives like resins, waxes etc.® The young tree
which was devoid of any heartwood gave the highest hot-water solubles. It is interesting
to note that with increasing age, corresponding to an increased development of the
heartwood, there was an accompanying drop in hot-water solubles. Although a general
decrease in 1% NaOH solubles was exhibited as the tree aged, the difference in this com-
ponent between the sapwood and the heartwood of the same sample was distinct.

It would have been expected that the sapwood would contain more short-chained
carbohydrates, being of a more juvenile structure as demonstrated in the high alkali
solubility of the 10 years old sample. In a separate determination, it had been observed

Table 2. Chemical components of the different age of tree samples
of Dipterocarpus crinitus.

Extractives 1% |Holocell- |Alpha- |Pentosan| Lignin
Sample A;gh Ale/ben | Hot-water NaOH |ulose cellulose
% % % % % % %

Y 0.48 1.76 3.45 9.69 71.14 47.70 12,32 25,76
M—H 0.21 2.53 0.59 8.51 70.76 47.69 13.12 28.14
M—S 0.23 2.88 1.15 6.89 72.53 48,13 12,12 26.59
O—H 0.28 4,25 0.32 8.42 68. 70 46,32 14.73 30.72
0—S 0.23 2.48 0.73 6.73 67.70 44,33 12.83 28.86

Note) All results are based on o.d. pre-extracted wood meal.
Y, M and 0 are 10, 30 and 50 year-old trees, H and S are heartwood and sapwood, respectively.



—122— MWERBBTIAHE $625

that the lignin of the sapwood had a significantly lower solubility in alkaki than that of the
heartwood of the same sample.

In the case of the 10 years old samples, however, the low alkali solubility of the lignin
(2.79% as opposed to 6.13% and 4.24% of the heartwood and sapwood lignin of the 50 years
old tree, for example) could not be considered as a significant cause of the high alkali
solubility of the wood (9.69%).

The latter, as reflected in the high hot water solubility (3.45%) is more probably an
indication of the presence of a relatively large amount of low molecular weight carbohyd-
rates. The results of the cellulose, pentosan and lignin determinations suggest that as the
tree grow older the decline in the cellulose content (especially in the heartwood) was
compensated by relative increases in the amounts of pentosan and lignin.

Density and morphological properties of the samples are shown in Table 3. The
results indicate a high wood density ranging from 0.72 to 0.83 g/cm®. The fibre length
varied from 1.33 to 1.45 mm. There were increasing trends with wood age in fibre width
(21.62-25.24 ) fibre wall thickness (9.28-10.40 ¢) and Runkel ratio (6.1-9.5), and decreasing
trends in fibre lumen width (3.06-2.20 ¢) and coefficient of suppleness (14.0-8.7). The thick
cell-wall and the low coefficient of suppleness suggest that the fibres would be less flexible
during the beating operation. A look at the density trend reveals an apparently anomalous
higher density in the 10 years old tree. That the 50 years old tree should have a denser
wood than the young 30 years old tree is understandable in view of the cell-wall thickening
and increased lignification with maturity. However, it is not valid to explain for the
highest density in the youngest sample in terms of its fibre dimensions. In fact, the sample
had the most slender fibre with the thinnest cell-wall. The reason behind the high density
was nevertheless revealed on a close examination of its anatomical features.

In contrast to the older samples, the 10 years old wood had a more compact structure
on account of the abnormally small vessels which were found to be a third or less the size
of those of either the 30 years old or 50 years old samples. Another significant factor to
account for the higher density of the 10 years old wood was the relatively high contents of
extraneous substances. The hot-water solubility was the largest in this sample. The ash
content was about twice that of either of the older samples.

The conditions used for pulping and properties of the pulps are shown in Table 4. To
obtain the pulps of Kappa number 20 and 40, several conditions in active alkali (10 to 17%)
were carried out on the samples by the chemical sulphate method. At 18% active alkali,
the pulps were found to be overcooked resulting in low Kappa number from 11.4 to 14.5
with screened pulp yield of 41 to 47%. Knoo and Per® inferred from their study of the

Table 3. Morphological properties of the different age of samples of D. crinitus.

L D 1 W CoSs R.R L/D Density
Y 1.33 21.62 3.06 9.28 14,01 6.1 6l.5 0.826
M 1.44 23.06 2.46 10.30 10.70 8.4 62.5 0.730* /0, 709™
(6] 1.45 25.24 2,20 10. 40 8.7 9.5 68,2 0.748% /0, 736"

Note) L : fibre length (mm), D : fibre width (), 1: fibre lumen (#), W : fibre wall thickness (#), COS:
coefficient of suppleness (%), R.R : Runkel ratio, L/D: felting power, Density @ g/cr.
a) heartwood, b) sapwood.
Y, M and 0 are 10, 30 and 50 year-old trees.
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Table 4. Pulping conditions and properties of sulphate pulps of
Dipterocarpus crinitus.

. AA Kappa Pulp Yield (%) Brightness B.leﬁ'fh
P (%) No Scree- | Scree- | gy | Unblea- Bleached ne
: ned ning ched (%)
m Y—20 14 20.5 43.6 4,5 48.1 24,8 89.8 95.5
S‘ Y—40 10 42.0 27.2 30.8 58.0 17.1 86.6 93.2
N
§ « M—20 14 21,7 441 5,6 49,7 21.3 86.7 97.0
58| M—40 11 40.5 31.2 | 5.8 | 57.0 14.8 86.5 92.9
s
5 N 0—20 17 18.1 43.6 1.0 44.6 20.0 86.3 95.4
0—40 12 41.7 36.4 16.6 53.0 14.0 87.3 92.7
Dipterocarpus
bandii 14 23.2 39.9 4.4 44.3 23.1 86.9 94.8

Note) Sulphidity ; 25% (based on active alkali), Liquor to wood ratio; 3.5 : 1.0, Schedule ; 1.5hr to
170°C, and 1.5hr at 170°C, Y,M and 0 are 10, 30 and 50 year-old trees.
20 and 40 are Kappa number of pulps.

chemical composition of some Malaysian hardwood in relation to their pulping properties
that an indication of the expected chemical pulp yield could be obtained from a
consideration of both the holocellulose and aplha-cellulose contents. On this basis, the
trend in the total pulp yield of the D. crinitus with wood age could be explained. Differ-
ences in the yields of both the 10 years old and 30 years old samples were marginal due to
the close values of their holocellulose and alpha-cellulose contents. That the 50 years old
sample produced the lowest pulp yield was a reflection of the lowest contents of these
components in the sample. The results indicate that the wood samples required low
amounts of chemicals for pulping, although the wood had high lignin content, density and
thick cell-wall. Consequently,further pulping trials were carried out at lower chemical
concentrations to achieve the desired Kappa numbers. By using 14% active alkali, the 10
and the 30 years old samples gave a pulp yield of 44% with a Kappa number of around 20.
Pulping of the 10, 30 and 50 years old samples at 10, 11 and 12% active alkali, respectively,
resulted in Kappa number around 40.

These samples gave pulp yields of less than 40% but high shiver contents. The amounts
of active alkali to obtain the required pulps seemed to be correlated with the chemical
composition of the samples. The active alkali required increased with increasing extrac-
tives and lignin contents.

The results indicated that the younger tree was more pulpable compared to the older
ones.

The bleaching conditions and the properties of the bleached pulps are given in Tables 1
and 5. All pulps produced clear and white pulps, which ranged from 86.3 to 89.8% in
brightness (ISO basis). Bleached yields ranged from 92.7 to 97%.

Resins in bleached pulps are considered to be the cause of pitch problems and to have
an effect on color reversion'”.

Table 5 shows the post color number of the samples. In the case of the pulps of Kappa
number 20, post color number increased with tree age from 1.84 to 2.53. The results show

that the D. crinitus had rather higher post color numbers than the average Japanese
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hardwoods'”.

Shorea resinosa and Dipterocarpus baudii.
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A large number of resin spots were observed on the pulp sheets from
On the other hand, the appearance of resin

spots on the sheets from D. crinitus was much less, but showed an increasing trend with
the age of tree (Table 6).
Evaluation data for the unbleached and bleached pulps are shown in Tables 7 and §

Table 5. Brightness and color reversion
tests of Dipterocarpus crinitus
1SO Brightness of pulp

Pulp no.| Before|4 hrs in |18 hrs in P.C.
aging |oven oven No.
(105°C) | (105°C)

Y —20 89.8 84.1 80.3 1.84

Y —40 86.6 80.1 75.9 2.79

M—20 86.7 8l.6 77.6 2,21

M—40 86.5 79.3 75.5 2,92

0—20 86.3 79.5 76.5 2,53

0—40 87.3 79.7 75.9 2.90

Diptero.| g5 9 | @g | 7.4 | 1.9
baudii

Note) P.C.No. was determined after 18 hrs in

105°C oven.

P.C.No.=[(1-R)¥%2R—(1—R)¥2R] X 100,
where R and Rj show the reflection ratio of

pulp sheets after and before aging, respecti-

vely.

Y,M and O are 10, 30 and 50 year-old

trees.

20 and 40 are Kappa number of pulps.

Table 6. Numbers of resin spots
(yellow pitch specks) on
the bleached sulphate pulps
(D. crinitus and D. baudii)

Size of pitch 1 1 I

Sample

(§ Y—20 0 0

2 Y —40 0 0 3

3 M—20 0 0 9

Qo w

53 M—40 0 0 22

85 0—20 0 2 88

ol 0—40 0 2 54

Dipterocarpus

baudii 6 82 852

Note) Resin spot area ; 1=0.5mm2 0 =0.5—
0.1mm?, 0 =0.1mm?, Pulp sheet area
is 200cm?.
Y.M and O are 10, 30 and 50 year-
old trees, respectively. 20 and 40 are
Kappa number of pulps.

Table 7. Evaluation of unbleached sulphate pulps of Dipterocarpus
Thickness | Density Freaking iI‘eéir IBliirSt Fo&ding Air
Species : /mi ength ndex ndex endurance | resist.
(microns) | (g/ml) "hoy | Nm¥g) | (kPam?/g) (sec.)
Y—20 98.2 0.61 6.32 10.9 3.3 63 18.1
] Y—40 %. 4 0.60 6.80 11.6 3.5 88 20.6
2,
5 M—20 104.1 0.58 5.85 11.4 3.3 66 12.1
I c§ M—40 103.2 0.58 6.25 11.0 3.5 101 17.1
SRS
25| 0—20 103.4 0.58 5.49 10.4 2.8 50 6.0
ol 0—40 107.4 0.55 6.07 10.6 3.3 77 6.1
Dipterocarpus
bandii 95.6 0.63 7.74 11.5 4.5 286 25.3

Note) Basis weight ;60g/m?, Y,M and O are 10, 30 and 50 year-old trees, respectively.
20 and 40 are the Kappa number of pulps.
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Fig. 1. Relationship between physical properties of pulps
(—UPK, --- BKP, O Kappa no. 20, @ Kappa no.
40) and wood-age.
crinitus and Fig. 1. The results indicate that breaking length,
Stretch TEA Freeness burst index, folding endurance and TEA index of the
Index
unbleached and the bleached pulps generally decreased
# | (mirg) | (mo bl pulps generally
39 1 248 o with tree age. These pulps also gave lower hand sheet
3‘8 1'303 245 density and higher thickness than those of Japanese
i ! hardwood'”. It has been established that the thickness
3.8 1,140 250 of the fibre wall has an important bearing on most
4.1 1,317 265 . . .
paper properties, and that the thick-walled fibres give
3.5 992 250 bulky, open sheet with rather rough surface and poorly-
3.8 1,181 240 formed sheet'®.
41 1,63 250 The main reason is that these thick-walled fibres do
not collapse readily when formed into sheets giving rise

to small contact area and poor interfibre bonding. The

results show that the paper strength properties of D.
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Table 8. Evaluation of bleached sulphate pulps of Dipterocarpus

Thickness | Density Freal}{ling ’II‘e;lr ?%rst Fo&ding Air
Species . engt ndex ndex endurance | resist.
/m!
(microns)| (g/m) (m) | (mNm?/g)|(kPam?/g) (sec.)
Y—20 97.3 0.61 6.10 11.2 3.27 61 21.9
‘é Y —40 96.9 0.61 7.06 10.3 3.83 106 17.6
N
8 M—20 98.4 0.60 5.57 12.5 2.94 63 9.3
«
3| M—10 | 103.2 0.57 | 6.28 11.0 3.44 89 9.4
BB
gg 0—20 98.8 0.60 4.67 9.0 2.44 30 10.5
0—40 101.1 0.59 6.40 11.3 3.64 84 28.1
Dipterocarpus
baudii 94.6 0.63 7.36 12.6 4,12 198 32,6

Note) Basis weight ; 60g/m?, Y,M and O are 10, 30 and 50 year-old trees. respectively.
20 and 40 are the Kappa number of pulps.

crinitus were adversely affected by an increase in fibre wall thickness.

Evidence of similar behavior of thick-walled fibres has also been observed by KOEPPEN
and CoHEN' in their comparison of the pulp properties of the heavy and lighter density
mangrove species. As in the case of D. crinitus, the heavy density species, which had
almost similar densities and fibre length/fibre diameter ratios, generally displayed good
tearing resistance but much poorer values in other strength properties'. Pru' found
among the 116 tropical hardwoods studies that those with a basic density of over 650 kg/
cm® were normally associated with thick-walled fibres giving pulps of poor strength except
tear. It was also reported that the Dipterocarpus group (Keruing spp.), although readily
pulped to give satisfactory yields, tended to produce resinous pulps and papers which were
bulky and weak”.

In all cases, high Kappa number pulps had better paper properties compared to those
with a low Kappa number. It was suggested that the former had undergone less fibre
damage than the latter. The same observations had been noted among the heavy density
Malaysian dipterocarps where higher Kappa number pulps were found to develop higher
strength properties on beating than pulps of lower Kappa number'®.

In conclusion, it should be emphasized that there are significant relationships between
pulping and paper-making characteristics and the age of tree. In addition, it is necessary
to develop a method for removing or reducing the presence of pitch in pulps prepared from
such resinous woods since pitch problem in papermaking, especially for fine papers, is

undesirable.
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crinitus
Stretch TEA Freeness
Index

(%) (md/g) (m?)
3.9 1,237 220
3.9 1,382 250
4.0 1,179 225
3.9 1,258 185
3.7 927 245
3.9 1,273 200
4.2 1,616 213
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