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ABSTRACT

. The paper presents comparative data on. proximate chemical analysis. Kraft pulping chara-
cterlsti~s, bleachability and paper Properties of both unbleached and bleached kraft pulps of the
fo!lowJng s'pecies of tropical hard Noods; ,tCnllgelll,ulI 'laufolia, ifcac,a catechu, Boswellia serrata,
C/esila"lhull cf111inUII,Dio,rpyros molanoxvlan, Pterocarpus marsupium. Termtnalla tomentosa
and Xyliaxylocarpa .

(.It:hllsbeen found that all the species contained high amount of polyphenols (as determined
by hot water/methanol extractive contents in wood. meal)' which ara sometime responsible for
high Klason lignin vatues in ;wo,od and also influence pulPing characteristics/bleachability. The
hot water extractive content varied from R 1% 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 .kappal\~ \"~qfijca~~Jhat the pulp!ng characteristics were highly
species dependent, C, collinus, D. nielanY.~Yla~ and P rnarsuplumcould be putped to kappa
number 28±1 with 15% active alkali as N'~Oi whereas the other five species yielded pulPs of
kappa number as high liS 59. ·Cooking of 'A. catehu, A.lul;folia. X. xylocarpa T. tomentosa and
B. serrata with' 7% 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. setrata to 48 9% for P, marsupium. The bleaching experi-
ments showed that X. xylocarpa C. co/linus aed B. serrata were not found suitable for bleached
pulps. keeping the brightness attained and the ultimate bleached pulps yield in view. The data
on the other species viz. A. latifolia D. melanoxylan, P. marsupium, B. serrasa and A. catechu
indicate that they are suitable for bleached kraft pulp .

•

• A comparasionof data on tensile index. tear index and burst indexof unbleached kraft
pulps indicated that •••.latifolia gave best results followed by X. xylocarpa, B. serratu, T. tomen-
tosa; A. catechu. P; s , marsupium. and C. collinus gave the lowest strength. The properties of
bleached kraft pulps showed thai all Ihe species are suitable except C collinus and T tomrntosa
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 ~tilization 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 species Jesuit
in a highly hetrogeneous mixture for technical
processing to obtain cellulose fibres 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 et al.1'2 have reported about the chemical
compostion of ligains and its influence on rate of delig-
nification during kraft pulping of tropical hardwoods.
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It has been observed by them that the rate of deligni-
fica tion is proportional to the ratio of syringyl to guai-
ciylunits present in lignin and which varied from
species to species. >C. ,"

This paper deals with the results of investigations .c--

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

-",'J

TABLE-I

NAME OF SPECIES AND

DENSITY'

TI1EIR BASIC
. L-~

----------"'---------:--::-'""~- .... Basic
Density.

S1. Species
No.

1. Anogeissus latifolia
2. Accacia catechu
3. BosweJlia serrata
4. Cleistanthue collinus
5. Diospyros melanoxylan
6. Pterocarpus marsupium
7. Terminalia tomentosa
8. Xylia xylocarpa

0.773
0.975
0.j94
0659
0.659

0.734
0.825
0.766

. ~ .
··.BasicDeosj~y:

',. -"~'

.T;he basic; density of" wood-was determined as per
.1Sspeci~ciltioJl 1708, (l~§9) by, using th,e following

~Jormula; J.~.

•• 00, Bas' Dc nsit Oven dry weight
IC .nsi Y = Green Volume

. ", Fer- pro~jmat~r'(!hemicil "analysis, wood-chips Were
distntegratedJnto wood meal of 60-80 mesh. All the
analysis reported here were performed according to
TAPPI standards. Methanol extractives were. 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 2.5 L vessels rotating in an electrically

) :-!'5"\ _ ~ ~ _' _ ~ \ :;. , , ~-"',.\

regulated thermostatic polyeth'yl~n~ glycol, Wood chips
. cf.the size given in the paranthesis _(6-27 ~m. length

and width 2-3' mm. thick and havffiga moisture
content of about \0%) were used, The following cooking

. conditions were eusployed- in-all' cases; 'excepting active
alkali charge which was varied from) 5-17% to produce
pulps of lower kappa number for their evaluatlorifor ,.
bleached grade kraft pulps.

;CookingCondilioDS

Chip charge
Active alkali
Sulphidity
Chip "to.l.iqu.o~ 'ratio
(including chip moisture)
Timeto 100"C
100°C 10 170°C
At 170°C.

; .
( ... -,

..

400 gm o.d,
]5-17% as Na20
25%
1:3.5

•

15 min.
105 min.

\
60 min.

Ble~cbing

The bleaching of pulps was done under identical
conditions usingCEH and CERH .sequences The
chlorine demand of th~ pulps was determined on small
scale experiments as follows :-

Unbleached pulp sample (20 gm o.d.) was treated
with chlorine water at different levels of chlorine appli-
cations (the percentage of chlorine was' vaiidd t:;drh' 0 22
to 0.30 times of kappa number). The revidual chlorine
was determined and plotted against thoe chlorine applied.
The point of inflection was taken as chlorine demand of
pulps .

•
Cblorination

After determining the chlorine demand, as descri-
bed above, large sc ile chlorination of pulps (?OOgm o.d.)
was carried out under thefollowingconditions;-

: as per chlorine demand determined
byminiscale -bleaching (Table 4)

: 60 min 'JTime
;,)

Consistency : 3 %
Temperature: ambient
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Extraction :

'Fbeextraction of the-chlorinated pufpwas xarried
out under identical conditions arbitrarily choosen as
follows:- .

NaOH
Consietency
Temperature
Time

\;/

2%
8%
70±loC
120 min

/

H~bJorite

•

The hypochlorite stage was given to extracted pulps
under the following constant conditions

Available Cl, in
Ca'cium hypochlorite
Consistency
Temperature'
Time
pH

2%
8%
40± 1°C
120
10

In certain cases, where the brightness development
was not adequate or was betow 65, a second hypochlorite
treatment using 2% of available chlorine keeping the
other conditions constant was given. All the percen-
tages expressed are on oven dry pulp'.

Pulp analysis and evaluation :

.The unbleached pulps were screened on J. flat cut
screen having slot of 0 3 mm. The percentage of rcje-
cts were determined by' weighing after drying the rejects
at 105±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 determined
according to-TAPPI standard No. T 236-m-60 Both
unbleached and bleached pulps were beaten in P F I.
mill to different degrees of freeness according to ISO

~ standard 5264 by charging 10 gm. o.d. pulp at 30%
consistency. 177 N/cm belting pressureand 6.0 mate!'
Sec relative "speed, Hand sheets ...of 60± 2 gs n were
made on standard British sh~et. making machine. The

.sheets were pre'ised and air dried using sfandard proce
dures. The physical testing of hand sheets for various

,strcmgth -properties were clli'rie'd.-out after conditioning
the sheets at 65±2% \·relaY.iVehumidityvand 27± 1°C.
The tests were; pe~formed':acc"ordji1g10 ISO standards.
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.RESUL TS AND DISCUSSION

-Basic D~Dsity.: -

Table-e-I 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 Boswellia serrata to 0.975 Acacia cate-
chu. Based on these data these species can mainly be
grouped Into two, The species haviogbasic density
sufficiently high (0,75) and the species or medium den-
sity. with the exception of Boswellia serrata which is a
low density hardwood.

Extractives and solubilities :

The determination of solubilities in 1% NaOH, hot-
water and methanol, incase'oftropicalhardwoods,
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 all assessment of mixed
hardwood for parpermaking. Polyphenols are known
to provide additional nuclear positions for lignin 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
poly phenolic extractives soluble in 1% NaOH, hot water
and methanol. A perusal of these data'[indicates that
there is.a wide variation in the hot water and methanol
solubles among the various species. The hot water
soluble ranges from 5.6% for Cleistenthus collinus to
16 4~~for Boswellia serrate. Similarly the methanol
soluble range from 7.55% for Anogeissus latifolia to
14.7% for Boswellia serrata. It will be further seen
that the valuer for hot water and m -thanol solubles are
comparable with hot water and methanol soulbles are
comparable with each other in case of all the sp.cies.
This indicates that the solubi lities in either of these
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 re~pect of its decay
and reflects on the amount of poly phenolic 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 CMEMICAL ANALYSIS OF TROPICAL HARDWOODS·

SI No. Name of 1% NaOH Hot water Methanol Klason lig- Holocellu- Pentosan
species % '% % nin % lose % %

1. Accacia catechu 25.17 15.62 9.25 360 63.8 14.33
2. Anogeissus Iatifolia 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 12.35 5.?5 31.0 68.0 11,78
6. Pterocarpus marsupium 15.90 13.80 12.70 . 28.07 66.40 11.55
7. Terrninalia tomentosa 23.80 10.70 10.40 29.10 65.11 14.87
8. Xylia xylocarpa 1650 9.80 10.90 26.53 67.16 H.39

*.%Expresseden Oven Dry Ba sis •
from 1425 for Diospyros me'anoxylan to 26 4% for
Boswellia serrata. The values of 1% NaOH .solubility,
in general, were comparable to those usually found for
tropical hardwood. AII these data on solubilities ind i-
cate that the'quantity of polyphenoliciextractives were
minimum incase of Cleistanthus collin us and Diospyros
melanoxylan and highest in the case of Bo;wel/ia serrata
and Accacia catechu. The values fo~ other species were
around 10%.

Ligoin Con tent :

Klason lignin determination in case of tropical
hardwood by usual standard method of sulphuric acid
sometimes glve'abnorrhll.IIy high values becuase of the
presence of high amoun.tsof polyphenolic materials
which ~reprecipitated during7~% sulphuric acid treat-
ment leading to contamination .. ' Therefore, suchvalues
are misleading and one should be very wary in exami-
ningthe values of, K'ason lignin partcularly in Case of
tropical hardwoods .. Table 2. indicates that in most
cases the value is around 28%; Cleistanthus colinus
have the lowest valueof 234%, whereas in the case of
Aecacia cat~chu and Dlospyros melanoxylan the value is
abnormally high i e. 36% and 31% respectively. This
is an example of contamination of Iignin with polyp he-
nolic material during tbe determination procedJ1re'
using 72% .sulphuric acid~ In an earller jpublication
(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 pentosan and holocellulose
contents indicates that the value are in the range what
is usually found for hardwoods.

Pulping characterlstics : . til

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 characteris tics
were highly species dependent. Some of the species
viv; Cleistanthus collinus, Diospyros melanoxylan and
Pterocorpus marsupium could be pulped to kappa
number value 28± I using 15% active alkali as Na20,
indicating thereby their suitability for evaluation for
bleached grade kraft pulps. There were cases where
under these constant conditions of pulping with 15% •
of active alkali .as Na20 the species yielded pulps: of
kappa number as high as 59. Accacia catechu, Anogie-
ssus loti/olio and Xylia xylocarpa gave such results.
Terminalia tomentosa and Boswellin , serrata also resul-
ted in pulps of high kappa number values 48 and. 40
respectively.

In case of A 10~dfSUS latlfolla, Boswell!a serra ttl,

Xylia xyloearpa and Accacia catechu the species which
did not yield bleached grade kraft pulp {kappa number
less than 30) with J 5% active alkali charge, cooking
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- with 17% 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
Angozeissus latifolia to 48 for Accacia catechu. However,
these species were also evaluated for bleached grade
kraft pulps using pulps obtained with 17% active alkali
for comparision purpos~; . It will be further seen from
data that the unbleached pulp screened yield with 15%
active alkali varied from 38.3% for Boswellia serrata to
48.9% for Pterocarpus marsupium. As regards screened
rejects the Value for Anogeissus Iatifo'ia were abnor-
mally high i e. 10.7% wh ile in case 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 17% active. alkali were taken for
evaluation (kappanumber 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 bleaehed under the identical conditioss
using CEH sequence; The pulps which could not be

TABLE-3

• KRAFT PULPING OF TROPICAL HARDWOOD

Sl. Name of species Active % Screened Yield Rejects Kappa Number
No. alkali Unscreened Yield % %

IS%AA 17%AA 15%AA 17%AA 15%AA 17%AA 15%AA 17%AA

1. Accacia catechu 41.63 46.90 402 40.12 1.43 6.58 59.2 47.9--2. Anogeissus latifoila 56.78 45.35 46.04 44.76 10.74 0.59 59.3 40.2
3. BosweUia serrata 41.58 36.67 38.33 35.42 3.25 1.25 39.46 41.2
4. Clelstanthus collinus 41.16 40.05 1.11 28.8• S. Diospyros melanoxylan 43. II 42.48 42.69 42.08 0.42 0.4 27.2 24.7
6. Ptero carpus marsupium 49.41 4899 0.46 2984
7. Terminalia tomentosa 46.29 .." 45.69 0.60 48.7
8. Xylia xyloearpa 48.12 47.21 46~6 45.96 1.66 1.25 582 46.8

TABLE-4

YIELD ANDBRIGHTNESS OF BLEACHED KRAFT PULPS

• SI. Name of species Total chemicals Kappa number %Chlorine Bleaching .Bleached Bright-
No. ,as .Na2O,% demand Sequence Yield % ness

1. Accacia catechu 17 47.9 11.4 CEHH 35.79 73.3

2. Angoeissus latifolia 17 40.2 9.6 CEH 39.60 78.5• 41.2 10.7 CEH 27.6 78.13. Boswellia serrata 17

4. Cleistanthus collin us 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
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bleached to th, brightness a'rout n were given a second
stage hypochhrite treatnent to imjrove brightness.

It will'he~een from the da'10:1 brightness that
the n'l'os fro-n Cleivt'1l1th~v colfin'H an i ¥yli a xvlocarpa
could only" be bleached to a brightness value of 68,
whereas for the other species the vbrightness attained
ra,~e1 from 73.3 :4.cc'l~i!Jc itec'tu t') 78.5 for Anogetssus

. '

latl'ol!a. Tile blea~ln1 put ')yieli raTlg~'ifron27 .6%
r"r lhvwelli'l serrate to 41.(n~ for Xylia xylocarpa,
Th~<ip. ,-lata i.,rJica~ethat B H vetli-: 'Ierrata although can
h .• bleached to a high degree of hriglttness of 78.linay
not he economic for manufacture of ble'lr.:hedgrade
frvnv'etd.uoint of view. Similarly Xylia xyocarpaand
r.lpi~tf1 ••thus colltnus were not found suitable from
hlea~;:ng point of view. The data on the other spe-
c'es 'h;; 4';n~~i\,'u, latifolla, Diospyros melanoxylan,
Pt=roc irpus. m irsvplum, Boswellla serrata and Aicacia
catechu indicate that they are suitable for bleached grade
kr."..ftRulping taking in to consideration the .brightness
attained and the bleached pulp yield obtained.

.' PJjlp !Properties :
'Papermaktng potentiatof a pulp is defined as the

rhrtge and extent of strength p-operties that are attaina-
bl~,;;bsingai,gii>enpulp'. The results are usually expre
~~~as a m.t19tion of,;':bOO.tinguwiththeintroduction of
intropo'atlon .to certain levels of freeness. Both
·u~hleached and bleached kraft PIJlrS were evaluated at,

, " "'," " • '", , I

different deogre~sof freeness and. the strength properties
were in1ropofated at 25-0 ml.C:SF. for' comparative
asse'~"'11rnt.;;fig. I to 3.,represent.·the changes i 11 stren-
g.lb. .nror er~e~c:with f-r~e~!ss fo,r:unt.lea~~~and Fig. 4
fo6 f",rb'e~C!leJJ kraft, puJ"ps,se!lpectively. Table 5
gives t'ic data on the values of the strength properties
at 250 ml. C8F.
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A nomparasion on the data of the tensile index.
burst index and tear index of unbleached kraft pulps
(Table <;\ indicates that Anogeissns latifolia and Dios-

pyros melonoxvlan both gave best results followed by
X, lia xvlocirpa, 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 latlfolia (60.2). The burst index ranged
from 0.7, for Cleistanthus collin us to 4.24 for Diospyros
melanoxylan . The tear index nanged from 5.0 for
Accacla catechu to 16 5 to Dlospvros melanoxylan.
This comparision is in between the pulps obtained
under identical condiiions using 15% active alkali.
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TABLE-5

UNBLEACHED STRENGTH PROPERTIES AT
250 CSF

S1. Species Tear Burst Tensile
No. index index index

N.mg. KPam2/g mNm2/g
------~

1. Xylia xylocarpa 7.8 2.3 43.0

2. Boswellia serrata 11.2 2.8 43.0

3. Diospyros mel an- 16.5 4.2 56.0
oxylan

4. Aneogeissus 16.0 3.6 60.0
lat ifolia

5. Cl-istanthus 8.8 0.7 20.0
eolli nus

6. Petrocarpus 4.2 1.4 30.0
marasupium

7. Accaeia catechu 5.0 1.8 36.0

8. -Terminalia Tomentosa 8.9 2.4 425

The comparative strength properties of bleached
Kraft pulps at 250 ml C.S.F. were made Oil the pulps
obtained from two types of unbleaceed pulps. One of
kappa number 28± 1 (in case of Cleistanthus coliinus,
Diospyros melanoxylan and Ptetocarpus marsupium.
Secondly of kappa number 40 to 48 (in case of Anogei-
ssus lattfolia, Boswellia serrata, Xylia xyiocarpa and
Acc icta catechu). The data from table-6 indicati that

TABLE-6
STRENGTH PROPER flES OF BLEACHED

PULP AT 250 CSF

Sl. Name of
No pecies

Tear
index
Nmg.

Burst
index
kPamO'g

Tensile
index

m Nm2/g

4.5
3.3'
3.85

1. Xylia xvlocarpa
2. Boswellia serrata
3. Diovypros meta-

noxylan
4. Anogeissus

latifolia
5. Cleistanthu- collinus
6. Pterocar pus

marsupium
7. Accacia catechu

10.2
4.55
7.9

70.0
53.0
64.5

4.15 6507.8

I 25
2.30

28.0
39.0

6.7

7.8 4.20 63.5
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Cleistanthus collinus and Pterocarpus marsupium are
inferior to the rest of the species 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 csllinus 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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