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- ABSTRACT

The paper reports the data on wood characteristics (density and fibre-ves§el
structure) of E.qrandis and E tereticornis of two different age groups and of the following
speices of tropical hardwoods: Acacia catechu, Anogeissus latifolia. Boswellia serrata,
Cleistanthus collinus, Diospyros melanoxylon, Pterocarpus marsupium and xvlia xylncc_zrpa
and their influence on surface properties of paper (roughness and apparent density).
The investigations on these species have revealed interesting correlations betwegn the
Runkel ratio and shape factor of the fibre and pulp and paper properties essential for
printability. It has been found that wide variations occur in morphological characteris-
tic and density in these hardwoods. The degree of variation between density, tl:le
Runkel ratio and th2 shape factor and their influence on surface roughness of paper did
not follow the same patiern for all the species reported here. There were clear-cut
indications that the rate of increase in paper roughness with density of hardwoods
comprising of E.grandis (14-15 yrs), B.serrate, C.collinus and X xylocarpa (group X) was
higher than that was observed for the species E grandis (18-19 yrs). E tereticornis (5-6
vrs and 14-135 yrs), D.melanoxylon, A latifolia and A.catechu (group y.) This shows that
in this particular study the species of group ‘Y’ would produce better pulp for printing

papers.

The relationship between wood density and
morphological structure of hardwoods is of
growing economic interest for domestic paper
industry which is looking for increasing the use of
hardwood fibres in various papermaking furnishes.
Therefore, an understanding of the effect of wood
characteristics (density and fibre/vessel structure)
on paper propertiesis going to contribute 1o a
wider utilization of hardwoods (both riixed planta-
tion grown ones and naturally cccuring tropical
hardwood species) by the paper industry.

The present study was designed to provide
such data on Eucalyptus tereticornis and Eucalyptus
grandis of two different age groups wWith a view 10
examine the effect of age on wood and paper pro-
perties, and on the following  species of tropical
hardwoods which are commonly used in the indus-
try: Acacia catechut, Anogeissus latifolia, Boswellia
serrata, Cleistanthus collinus, Diospyros melanoxylon
Pterocarpus marsupium and xylia xylocarpa.

EXPERIMENTAL

Fibre diameter and wall thickness and vessel
dimensions and frequency were measured (100

8

measurements of each) on sections cut from wood
chips as used for pulping. Fibre length was deter-
mined using bleached pulp samples (200 measure-
ments). The density of wood was determined as
per IS specification’ number IS : 1708 : 1969 on
oven dry weight and green volume basis.

Kraft pulps were prepared at first under
identical conditions chip charge 400g o.d., sulphi-
dity 25%, chip to liquor ratio 1:3.5 (including chip
moisture), time to maXimum temperature 120
minutes (room temp. to 100°C : 15 min, 100°-170°
C :105 min), time at 170°C : 60 min. For Eucaly-

. ptus grandis, 15%, active alkali was required to
p

cook to 2041 Kappa number, whereas E.tereticor-
nis required 17% active alkali. In case of tropical

hardwoods 17% active alkali was used excepting

Cleistanthus collinus which was cooked with 15%.

RESULTS AND DISCUSSION

Table 1 gives the data on density and fibre
vessel characteristics of all species reported in this
investigation. The pulp and paper properties are
given in Table 2.

*Cellulose and Paper Branch’
Forest Research Institute & Colleges. Dehradun.
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Fibre/Vessel characteristics

The data on fibre/Vessel characteristics indicate
that a wide variation exists between species. The
mean fibre length varied from 728 pm (E.rereticor-
nis) to 1130 um (C.collinus), the mean fibre diame-
ter (d) from 1290 em (E.tereticornis) to 36.44 um
(B.serrata), the mean lumen diameter (1) from 3.69
um A latifolia) 14.83 sm {(E.tereticornis) and the
wall thickness (2w) from 2.17 um (x.xylocarpa) to
7.78 um (E.tereticornis). Thus the Runkel ratio
(2w/1) and the shape factor (d2-12/d2 +12) varied
from 0.13 (B.serrata) to 1.54 ( K. tereticornis) and
0.22 (B.serrata) to 0,86 ( A.latifolia) respectively.

In case of Eucalyptus species, E.tereticornis
bave lower fiber length, fibre diameter and lumen
diameter, as compared to E.grandis. With in species
there was no significant effect of age on these
characteristics in either case. It will be further
seen from the Table 1 that the wall thickness did
not vary appreciably either with species or with
age. The values of the Runkel ratio and shape
factor for E.grandis were lower than those found
for E.tereti cornis. In case of E.tereticornis these
values increased with age, whereas in case of
E.grandis there was no appreciable change with
age.

A perusal on data on Vessel dimensions and
frequency shows that both varied widely with
species. ~The Vessel length “varied from 270 em
(A.catechu) to 549 4m (E.grandis-14 years). The-
vessel diameter from 122 #m (4./atifolia) to 201 vm
(E.grandis-18 years) and the vessel frequency from
6/mm? (E grandis-all age groups) to 121/mm?
C.collinus) .

Within Eucalyptus spp. that is E.grandis and
E.tereticornis the variation in Vessel frequency was
in a narrow range (6-10/mm?), as compared to
tropica] hardwoods (13-121/mm?). There was no
variation in vessel frequency Wwith age in ~eithcr
case. Both the vessel diameter and the vessel
length were lower in case of E.tereticornis as com-
pared to E.grandis. - ‘These valtues$ also ‘did not
change appreciably with age in either case-

Wood Properties Vs Paper Properties

The variation in basic density ranged from
0.37 g/cm3 (E.grandis) 100.97 g/Cm?® ( A.catechu)
within Eucalyptus spp. E.grandis had lower basic
density (0.37-0.39) as compared to E.tereticornis
(0.53 to 0.58). 1t will be further seen that there was
not much influence of age on basic density in case
of both the species.

The properties of wood which influence the
basic density and in term of paper properties could
be shown as depicted in Fig. 1.

It has been found that wood density is highly
related to collapsibility/conformability of the fibre.
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FiG, 5 RELATIONSHIP BREYWEEN SOME PHYSICAL CHARACTERSTICS
OF WOOD IN PAPER PROPERTIES.

Fibres of high density are cylindrical and rigid,
whereas those of low density woods are ribbon
like and flexible. The fibre characteristics are
collectively represented by Runkel ratio (2w/l)

- and shape factor (d2—12/d2-+1%); where (2w) is wall

thickness, (1) is lumen diameter and (d) is fibre
diameter.

It has been observed that both these charac-
teristics increase With basic density. Thus it will
be seen that the basic density, the Runkel ratio
and shape factor are interrelated.

It will be seen from Fig. 2 that the fibre shape
factor increased but non-linearly with increase in
wood density in case of both Eucalyptus spp. and
tropical hardwoods. However, the rise in values
followed slightly different pattern in the two cascs.
Fig. 3 indicates the relationship between wood
density and the Runkel ratio. It Wwill be seen that
in case of Eucalyptus spp. there is an abrupt rive in
the Runkel ratio within the limit of wood density
0.37to 0.58gm/cm®. 1n case of other hardwoods,
two types of relaticnship were observed. The

o EUCALYPTUS .
" JROPICAL HARDWOODS X

©

0 t 2 3 4 5 6 7T 8 ‘9 0 Mk
WOOD DENSITY (gfcm®)+

FIG.2 WOOD DENSITY Vs FIBRE SHAPE FACTOR.
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species Boswellia serruta, Cleistanthus collinus,
Diospyros melanoxylon and Anogeissus latifolia
(curve AB) followed the same pattern as observed
with Eucalyptus, whereas in case of species Xyiia
xylocarpa, " P.morsupium, A.catechu and B.serrata
(curve AC) such an abrupt rise was not observed,
(B. serrata) representing the starting point for both
these curves.) Fig. 4 shows tte relationship between
wood density and paper surface roughness. It will
be seen from the graphs that the variation of surface
roughness of the paper with wood density can be
classified into two group (X) comparising of the
species: E.- grandis (14-15 yrs), Boswellia serrata,
C. collinus and Xylia xylocarpa and the group (y)
comparising of species : E. grandis (18-12 yrs),
E. tereticornis (5-6 yrs) E. tereticornis (14-15 yrs),
D. melanaxylon, A. latifolia and A. catechu.
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In the former group (X) the values fall on the
curvVe AB which shows sharp rise in the values of
surface roughness with increase in density. For the
group (y) the values lie on the curve CD which
shows gradual rise in the values of surface rough-
ness With increase in density.

The effect of cooking on surface roughness is
shown in figure 5&6 in terms of kappa number and
pulp yield. From fig. 5 it could be concluded that
the surface roughness increased with increase in a
kappa number irrespective of wood species, Cleis-
tanthus collinus) being the exception. The presence
of shives in less cooked pulps appears to contribute

IPPTA, Vol. 21, No. 3, Sept. 1984

to high surface roughness vajues.

Restrictions on accesibility of the pulping
liquor in high density chips way lead to very con-
siderable loss in polysaccharides in preparing pulps
of same kappa numbers The loss of substance Wil
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lcad to Weakening of secondary wall and an
increase in lateral conformability with a consequent
decline in surface roughness. Therefore the compa-
rision had been made for pulps obtained by using
constant amount of total active alkali.

14

. and fibre characteristics have in

CONCLUSSIONS

On the basis of above experimental facts and
relationships between wood characteristics derived
therefrom, it could be easily concluded that density
general marked
influence on pulp (Kappa no. and shives) and paper
properties (surface roughness). However the degree
of varation between density and the Runkel ratio
and shape factor and their influence on surface
roughness of paper did not follow same pattern for
all the speices investigated. There were clear-cut
;ndications that the rate of increase in paper surface
roughness With density for the group (X) of hard-
woods comprising of E. grandis (14-15 yrs) Boswe-
lliaserrata, Cleistanthus colllnus and Xylia xylocarpa
was higher, than that observed for the species of
group (Y) comprising of E. grandis (18-19 yis),
E. tereticornis (5-6 yrs), E. tereticornis (14-15 yrs),
Dispyros melancxylon, Anogeissus  latifolia "and
Acacia catechu. This shows that in this particular
case the species of group (Y) wculd produce better
pulps for printing papers.
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