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Hardwoods For Bleached Kraft Pulps.

A:T-Cyo.mparativ‘e Evaluation of Eight Species of Tropical

_SINGH S.V., BHANDARI S.S., SINGH S.P., & SHARMA Y K.

ABSTRACT

.The paper presents comparative data on, proximate chemical analysis, Kraft putping chara-
cteristics, bleachability and paper Properties of both unbleached and bleached kraft pulps of the
following species of tropical hard woods: Anogeissus latifolia, Acacia catechu, Boswellia serrata,
Clesitanthus collinus, Diospyros molanoxylan, Pterocarpus marsupium, Terminalia tomentosa
and Xylia xylocarpa. . : ‘ '

¢~ it’has been found that all the species contained hi'gh;amount of polyphenols (as determined
by hot water/methanol extractive contents in wood meal) which ara sometime responsible for
high Klason lignin values in . wood and also influence pulping characteristics/bleachability. The

hot water extractive content varied from R 19 for 4 latifolia to 16.4%; for B serrata; whereas = -

the methanol extractive content varied' from 5.4%; for' D melanoxylan: to 14.7%, for B sertata The
data on screened yield and kappa. number -indicated, that the pulping characteristics were highly
species dependent. C, collinus, D. nielanvxylan ‘and P marsupium could be pulped to kappa
number 28 {1 with 167 active alkali as Na,0; whereas the other five species yielded pulPs of
kappa number as high as 569. -Cooking of ~A4. catehu, A. latifolia, X. xyluocarpa T. tomentosa and
B. serrata with 17%, active alkali did not reduce the kappa number to an appreciable extent The
pulps thus obtained were of kappa number in the range of 40-48. The screened yield of unblea-
ched pulp ranged from 38.3% for B. serrata to 48 9%, for P, marsupium. The ‘bleaching experi-
ments showed that X. xylocarpa C. collinus aed B. serrata were not found suitable for bleached
pulps, keeping the brightness attained and the uitimate bleached pulps yield in view. The data
on the other species viz. A. latifolia D. melanoxylan, P. marsupium, B. serrata and A. catechu
indicate that they are suitable for bleached kraft pulp.

. A comparasion of data on tensile index, tear index and burst index of unbleached kraft
pulps indicated that 4. latifolia gave best results followed by X, xylocarpa, B. serrata. T. tomen-
tosa, A. catechu, P;.. marsupium and C. collinus gave the lowest strength. The properties of
bleached kraft pulps showed that all Ihe species are suitable except C collinus and T tomentosa
which was not evaluated. The best results were obtained with X. xylocarpa.

INTRODUCTION :

Tropical hardwoods are recognised as a source of
-raw material for cellulose fibres for paper industry.
‘However, their commercial utilization has not reached
the extent which can meet the increasingly growing
shortage of fibrous raw materials There are several
reasons for this. Our tropical hardwood forests are
-composed of a mixture of a number of  species with
/diverse properties: a wide variation occurs in colour,
density, morphological characteristics, extractives, hem-
icelluloses and chemical composition of lignin
;and -its. reactions - in technical processes These
inherent differences between and within spccies 1esult
in a highly hetrogeneous  mixture for technical
processing to obtain cellulose ﬁbrési for conversion into

paper.
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The object of the present exercise was therefore
to provide comparative data on basic ‘wood characteri-
stics and their influence on pulping and paper making
properties of tropical hardwoods, with a view to assist
in their efficient utilization particularly in printing
papers. As a part of this series, at the first instance
eight species of tropical hardwoods which are commo-
nly used in paper industry these days have been taken

for evaluation,

In the recent publications from this laboratory
Singh etal.’? have reported about the chemical

-compostion of lignins and its influence on rate of delig-
_ pification during kraft pulping of tropical hardwoods.

Ce lulose and Paper Branch
Forest Research Instifute & Colleges
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It has been observed by them that the rate of deligni-
fication is proportional to the ratio of syringyl to guai-
ciylunits present in lignin and which varjed from
species to species. . . o« oo “

LN e

P I N . =

This paper deals with the results of investiga,tions_' :

carried out on comparative kraft pulping of eight speciés
of tropical hardwoods obtnined from Ballarpur Indus-
tries limited (Paper Division) Table 1. The kraft pulps
have been evaluated -for their - strength- properties and
bleachability followed by determination on physical
properties of bleached kraft pulps: L

TABLE—1
NAME OF SPECIES AND. THEIR BASIC
DENSITY © '
Sl Species " Basic'
No. Density,
1. Anogeissus latifolia 0773
2. Accacia catechu 0.975
3. Boswellia serrata © 0.394
4. (leistanthue collinus 0 659
5. Diospyros melanoxylan 0.659
6. Pterocarpus marsupium - 0.734
7. Terminalia tomentosa 0.825 -
8. Xylia xylocarpa 0.766
k EXPERIMENTAL

Basnc De-nsny

.

. Th° basnc dens1ty of wood ‘was determmed as per
SIS spymﬁcatxon 1708 (1969) b) usmg the followmg
. formula Lo

A -’ “Oven dry weight
Basic D.nsity = Green Voiumge

| Prox1d1ate Chemlcml“Ana'ySIS T

o ~ For proximaté chemicil | anal-ysis,’ wood: chips: were
dxstntegrated ‘into wood -meal of 60-80 mesh. All the
analysis reported here weré performed according to
TAPPI standards. Methanol extractives w'er'e' determined
in similar manner as applied for alcohol-benzene extra-
ctives determination.
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Kraft Pulping :

Pulping experiments were carried out in a series digester
, consisting of, 25 L vessels rotating in an electrlcally
_regulated thermostatic polyethyl—eng glyeol. Woad chxps
- cf the size given in the paranthes:s (6 -27 _mm. length
"and width 2-3° mm. thick and: hzwmg -a  moisture
content of about 10%) were used, The following cooking

‘conditions were employed- in all cases, ‘excepting active

alkali charge which was varied from 15-179%, to produce
pulps of lower kappa number for their evaluation for-

bleached grade kraft pulps

Cookmg Condmons '_ ( . L NN L “: .‘

460 gm o.d.

Chip charge : :
Active alkali - : - 15-17% as Na,0
. Sulphidity .. : . . .z : 25%
Chipto liquor ratio  :.  1:3.5
(including chip moisture) o
Time to 100°C .15 miin.
106°C10 170°C - 105 min.
. At 170°C. 60 min.
Bleaching

The bleaching of pulps was done under identical
conditions using CEH and CEHH sequences  The
chlorine demand of the pulps was d:termined on small
scale experiments as follows :-

Unbleached pulp sample (20 gm c.d.) was treated
with chlorine water at different Jevels of chlorine apph-
cations (the percentage of chlorine was ‘varied frdm 022
to 0.30 times of kappa number ). The residual chlorine
was determined and plotted against the chlorine applied.
The point of mﬂectlon was teken as chlorine defnand of
pulps.

Chlormatlon

After determm-ng the chlorine demand as descn-
bed above, latge scale chlorination of - pulps (200gm o.d.)
was carried out under the followirg conditions;— -

: as per chlorine: demand determined

Cl, (%)
: by miniscale. bleachmg (Table 4)
Time :60min " 4 B

[

Consistency : 3 /,

Temperature : ambient
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Extraction :

The extraction of the chlorinated pulp was -carried

out under identical condmons arbitrarily choosen as

follows: — _
NaOH : 2%
Consietency : 8%
Temperature 70+1°C
- Time -2 120 min

I

Hmblorite -
" The hypochlorite stage was given to extracted pulps
under the foliowing constant condmons

Available Cl, in
Ca'cium hypochlorite : 2%

Consistency 8% !
Temperature : 40+ 1°C
Time ’ T 120
pH 1o

In certiin cases, where the brightness development
‘was not adequate or was below 63, a second hypochlorite
treatment using 29, of available chlorine keeping the
other conditions constant was given. All the percen-
tages expressed are on ovea dry pulp\. ’

Pulp analysis and evaluation :

"The unbleached pulps were screened on a flat cut
screen having slot of 0 3 mm. The percentage of rcje-
cts were determined by\ weighing after drying the rejects
at 1054+2°C in an oven for six hours. The yield of
screened pulp was determined as usual in duplicate.

Kappa number of screened pulps was determincd
according to" TAPPI <tandard No. T 236 —m—60 Both
unbieached and bleached pulps were beatenin PF I
mill to different degrees of fresness according to ISO
standard 5264 by charging 30 gm. o.d. pulp at 30%
consistency, 177 N/cm beiting pressure and 6.0 mater
Sec relative “speed. Hand sheets of 60:}:2 gsn were
made on standard British sheet making machine. The
‘sheets were pressed and air dried using standard proce
dures. The physical testmg of hand sheets for various

-strength - properties- were" cartied-out after conditioning
the sheets at 65-+2% ‘rélavive "humidity ~and 27+1°C.
The tests were: pe*formed accordmg 10 ISO standards
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grouped Into two.

. solubles among the various species.

RESULTS AND DISCUSSION

‘Basic Density : -

Table—1  shows that data on basic density of -
various species of tropical hardwoods investigated. It
will be seen from data that these species represent a
wide spectrum of variation in the basic density ranging .
from 0.394 for Baswellia serrata t0 0.975 Acacia cate-
chu. Based on these data these species can ~mainly be
The species having basic density
sufficient’y high (0.75) and the species oi medium den-
sity, with the exception of Boswellia serrata which is a
low density hardwood.

Extractives and solubilities :

The determination of solubilities in 19, NaOH, hot-
water and methanol, in case-of -tropical hardwoods,
bear special importance becuase the tropical hardwoods
particularly the domestic ones contain appreciable
amounts of polyphenols which exhebit wide variation
both pualitatively and quantitatively and are of consi-

" derable signifiance from over ali assessment of mixed

hardwood for parpermaking. Polyphenols are known
to provide additional nuclear positions for llgmn con-
densation reaction during qulping thus making - the
black liquor more viscous and intricate which causes
problem during recovery process.

Table—2 gives the data on the solubilities of
polyphenolic extractives soluble in 19, NaOH, hot water
and methanol. A peruasal of these data®indicates that
there is.a wide variation in the hot water and methanol
The hot water
soluble ranges from 5.6%, for Cleistenthus collinus to
16 47/ for Boswellia serrate, Similarly the methanol
soluble range from 7.55% for Anogeissus latifolia to
14.7% for Boswellia serrata. Tt will be further seen
that the values for hot water and m-thanol solubles are

comrarable with hot water and methanol soulbles are
"compara®le with cach oth:r in case of all th: sp.cies.
This indicates that the solubilities in either of th:se

solvents can be rega-ded as an indicative of proximate
quantitative amounts of polyphenols in these species.

1% Caustic soda solubility is of importance in
assessing the soundness of wood in respect of its decay
and reflects on the amount of polyphenolic contents in
wood. It will be seen from the data in table 2. that

‘ there existed a large variation in the value which ranged
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TABLE—2
EXTRACTIVES AND PROXIMATE CHEMICAL ANALYSIS OF TROPICAL HARDWOODS*

SI No.

Name of 1%, NaOH Hot water Methanol Klason lig- Holocellu- Pentosan

species % Y % nin % lose % %
1. Accacia catechu 25.17 15.62 9.25 36 0 63.8 14.33
2. Anogeissus latifolia 16.95 8.10 7.56 28.70 73.66 10.76
3. - Boswellia serrata 26.40 16.40 14.70 28.55 66.35 12.27
4. - Cleistanthus collinus 20.16 " 5.60 10.54 23.40 72.26 14.29
5. Diospyros' melanoxylan  14.25 © 1235 5.25 31.0 68.0 11,78
6. Pterocarpus marsupium  15.90 ~ 13.80 12.70° 28.07 66.40 11.55
7. Terminalia tomentosa 23.80 10.70 10.40 29.10 65.11 14.87
8. Xylia xylocarpa 16 50 9.80 10.90 11.39

26.53 67.16

* / Expressed on Oven Dry Basis

from 14 25 for Diospyros nie'anoxyla*z to ‘26 4% for
Boswellia serrata. The values of 1% NaOH solubility,
in general, were comparable to those usually found for
tropical hardwood. All these ‘data on solubilities indi-
cate that the quantity of polyphenolic extraotivés'were
minimum in case of Cleistanthus collinus and ' Diospyros
melanoxylan and highest in the cas: of Boswellla serrata
and Accacia catechu.
around 10%.

The values for other spemes were

Ligqiii Content :

Kiason lignin determination in case of tropical
hardwood by usual standard method of sulphuric acid
sometimes give abnormally high values becuasé of the
presence of high amounts of polyphenolic materials
which are precnpnated during 72 / sulphuric ac1d treat-
ment leadmg to contammatlon Therefore, such values
are mlsleadmg and one qhould be very wary m exami-
ning the valves of K'ason lignin particularly in case of
troplcal hardwoods. Table 2. indicates that in most
cases the value is around 28%; C[ezytamhus colmus
have the lowest value of 23 4%, whereas i in the case of
Aecacia catechu and Diospyros melanoxylan the v‘:lue is
abnormaily high i e. 36% ~and 319 respectively. Th's
is an example of contam,ination of lignin with -polyphe- ‘
nolic material during the determination procedure
using 72% sulphuric acid. In an earlier publication
(1,3) it has been reported that pre-extraction of wood
meal with 0.5 NaOH yields more meaningful results on
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klason lignin value in case of Eucalyptus species as well
as on tropical hardwoods.

A perusal on data of pzntosan aad holocellulose
contents indicates that the valae. are in the range what
is usually found for hardwoods.

Pulping characteristics :

Table 3 gives an account of the' results of kraft

pulping of these tropical hardwoods under identical
conditions. ‘It will be seen from the data on screened
yield and kappa number that the pulping characteristics -
were highly species dependent. Some of the species
viv: Cleistanthus collinus, Dinspyros melunoxylan and
Pterocorpus marsupium could be pu'ped to kappa
number value 28:{:1 using 159 active alkali as Na,O,
indicating thereby their suitability for evaluation for
bleached grade kraft pulps, There were cases whére
under these cohstant conditions of pulping with 157
of active alkali as Na,0 the spacies yielded pulps of
kappa number as high as 59. Accacia catechu, Anogte-
ssus latifolia and Xylia xylocarpa gave such results.
Terminalia tomentosa and Boswelli1_serrata also resul-
ted in pulps of high kappa number values 48 and 40
respectively. ' V

In case of A410zeissus latifolia, BosweII'a serrata,
tha xylocarpa and Accacia catechu the species which
did not yield bleached grade kraft pulp.(kappa number
less than 30) with 159/ active alkali charge, cooking

IPPTA Vol 23, No. 2. June 1986



~ with 179 active alkali also could not reducs the kappa
number to a desired level for evaluation for bleached
grade kraft pulps. The value ranged from 40 for
Angogeissus latifolia to 48 for Accacia catechu. However,
these species Wwere also evaluated for bleached grade
kraft pulps using pulps obtained with 17% active alkali
for comparision purpose. lt will be further seen from
data that the unbleached pulp screened yield with 15%
active alkali varied from 38,3% for Boswellia serrata to
48.97 for Pterocarpus marsupium. As regards screened
rejects.the value for Anogeissus latifolia were abnor-
maily high ie. 10.7% while in cace of all other species
the percentage was within the normal range,

. Bleaching :

The bleaching experiments were carried out on the
pulps having kappa number less than . 28--1 for the
species viz; Gleistanthus collinus, Diospyros melanoxylan
and Pterocarpus marsupium. In. case of other species
pulps obtained with 179, active alkali were taken for
evaluation (kappa.number ranging from 40 to 48).

Table 4 gives the data on bleached pulp yield and
brightness of bleached pulp. At the first instant all the

- kraft pulps were bleached unider the identical conditions

using CEH sequence: The pulps which could not be

TABLE—3 - ' :
KRAFT PULPING OF TROPICAL HARDWOOD

SI Name of species Active % Screened Yield Rejects Kappa Number
No. alkali .© Unscreened Yield % % o :
15%AA  1T%AA  15%AA 17%AA  15%AA 17T%AA 15%AA 17%AA
1. Accacia catechu 41.63 46.90 402 40.32 143 6.58 | 59.2 41.9
2, Anogeissus latifoila 56.78 45.35 46.04 44.76 10.74 0.59 - 59.3 40.2
3. Boswellia serrata 41.58 36.67 38.33 3542 325 1.25 *° 39.46  41.2
4. Cleistanthus collinus 41.16 —_ 40.05 — L1 - 28.8 —
5. Diocspyros melanoxylan 43.11 42.48 42.69  42.08 0.42 0.4 27'.2 24.7. n
6.. Ptero carpus marsupium 4941 — 4899  — 0.46 — 2984, —
7. Terminalia tomentosa 46.29 . = 45.69  — 0.60 _— 48.7 . -
8. Xylia xjlocarpa 48.22 4721 4656 4596  1.66 125 582  46.8
, TABLE—4 i
YIELD A_ND BRIGHTNESS OF BLEACHED KRAFT PULPS
Si. Name of species Total chemicals Kappa number %Chlorine Bleaching . Bleached Bright-
No. . as Na,0,9% demand Sequence Yield % ness
1.~ Accacia catechu 17 47.9 ‘1.4 CEHH 35.79 733
2. Angoeissus latifolia 17 40.2 9.6  CEH 39.60 78.5
3. Boswellia serrata 17 41.2 10.7 CEH 27.6 78.1
4. Cleistanthus collinus 15 28.8 8.0 CEH 34.36 68.5
5. Diospyros melanoxylan 17 24.7 6.4 CEH 35.43- 75.2
6. Pterocarpus marsupium 15 - . 29.84 9.0 , CEH 41.22 72.5
7. Xylia xylocarpa 17 46.8 11.3 CEHH 41.94 67.5
IPPTA Vot 28! No. 2! Jure' 1986 35



blzashad to ths brightnsss about 7) were given a second
stage hypochlorite trzatmznt to imrove brightness.

Tt will’be:seen from the da*a on brightness that
the nu'os from Cleistanthus collinus ani Xylia xvlocarpa
could onlyYbe bleached to a brightness value of 68,
whereas for the other species th: brightness attained
ranged from 73.3 Accacia catechu to 78.5 for Anogeissus
latifolia, The bleashz pt’ﬂiyie\'i rang>i-fromn 27 .6%
far Roswellia serrate to 41.9% for Xvlia xylocarpa.
Thase Adata indicate that Bosvellia eerrata although can
b= hleached to a high degree of brightness of 78.1 ‘may
not he ecanomic for manufasture of bleachad grade
from v'eld point of view. Similarly Xvlia xyoecarpa and
Cleistanthus eolltnus were not found suitable from
hleathing point of view. The data on the other spe-
Anogeivsus latifolia, Diospyros melanoxylan,
Pt>roz1rpus mirsupiun, Boswellia serrata and Aéeacia

~catechu indicate that they are suitable for bleached grade
kraft pulping taking in to consideration the ‘brightness
attained and the bleached pulp yleld obtained.

cies viz;

- Patp’ Properties :

‘Papermakmg potenflal of a pulp is defined as the
range and extent of strength p-operties that are attaina-
bleusing a‘given pulp. <’ The -tesults are usually expre
ss~chas a fanction ofbeatingswith the introduction of
intrnpo'atiqn ~to certain levels of freeness. Both

UnbleaChed and bleached kraft pulps were evaluated at .

dlﬁ‘ercnt degre=s of freeness and the strenoth properties
~were in‘ropofated at 250 ml. C.SF. for comparative

assessmenty Fig. 1 to 3-represent:the changes in stren-

glh nrnrcrues with freenzss for nnbleae,}ged and Fig. 4

o6 fr b'eached kraft pulps, sespectively. Table 5
" gives th: data on the values of the strength properties
ai 250 ml. C.S F.
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A-comparasion on the data of the tensilc index,
burst index and tear index of unbleached kraft pulps
(Table 5 indicates that Anogeissns latifolia and Dios-
pyros melonoxylan both gave best results followed by
X lia xvlocrpa, Boswellia serrata. Terminalia tomen-
tosa, Accacia catechu and Pterocarpus marsupium.
Cleistanthus collinus gave the lowest tensile index of
2(.0. The highest tensile index was obtained with

A ogeissus latifolia (60.2). Ths burst index ranged

from 0.7, for Cleistanthus collinus to 4.24 for Diospyros
melanoxylan. The tear index nanged from 5.0 for
Accacia catechu to 165 to Diospyros melanoxylan.
This comparision isin between the pulps obtained
under identical condiiions using 15% active alkali.
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TABLE—5
UNBLEACHED STRENGTH PROPERTIES AT

250 CSF
SL.  Species Tear Burst Tensile
No. index index index
N.mg. KPam?/g mNm?/g

Xylia xylocarpa 7.8 2.3 43.0

2. Boswellia serrata ~ 11.2 2.8 - 43.0
Diospyros melan- 16.5 4:2 56.0
oxylan .

4. Aneogeissus 16.0 3.6 60.0
lat folia

5. Cl:istanthus 8.8 0.7 20.0
collinus

6. Petrocarpus 42 1.4 30.0
marasupium

7. Accacia catechu 5.0 1.8 36.0
‘Terminalia Tomenrtosa 8.9 24 425

The comparative strength properties of bleached
Kraft pulps at 250 mi C.S.F. were made on the pulps
obtained from two types of unbleaceed pulps. One of
kappa number 2841 (in case of Cleistanthus coliinus,
Diospyros melanoxylan and Prevocarpus marsupium,
Secondly of kappa number 40 to 48 (in case of Anogei-
ssus latifolia, Boswellia serrata, Xylia xylocarpa and
Acc.icia catechu). The data from table—6 indicati that

TABLE—6
STRENGTH PROPERTIES OF BLEACHED
PULP AT 250 CSF

!

Sl. Name of Tear Burst Tensile
No pecies index index index
N mg. kPam®’'g m Nm?/g

1. Xylia xylocarpa 10.2 4.5 70.0

2. Boswellia serrata 4.55 ~ 338 53.0

3. Dio.ypros mela- 79 3.85 64.5
noXxylan '

4. Anogcissus 7.8 4,15 65.0
latifolia

5. Cleistanthu. collinus 6.7 125 28.0

6. Pterocarpus —_ 2.30 39.0
marsupium

7. Accacia catechu 7.8 4.20 63.5
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Cleistanthus collinus and Pterocarpus marsupium are

inferior to the rest of the spzcies investigated, which
gave satisfactory results on their suitability for produc-
tion of bleached grade kraft pulps The values for tensile
index ranged from 28 for Cleistanthus c»llinus to 70.0

for Xylia xylocarpa. The burst index ranged from 1.25

for Cleistanthus collinus to 4 5 for Xylia xylocarpa and
the tear index from 4.5 for Xylia xylocarpa and the tear
index from 4.5 for Boswellia serrata to 10.2 for X)lia
xylocarpo.
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