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SUMMARY

The study on effects of Time and Temperature in Kraft pulping of Eucalyptus tereticornis has
revealed that the rate of delignification is a pseudo first order rate reaction with an energyof
~ctivationof 33 Kcals/mota. CorrelaTionship between H-factor and other parameters measured
In terms of Pulp Yield, lignin content. Kappa No., ratio of lignin and carbohydrate have been
established, Further it has been recommended to carry out exhaustive study on effects of E. A.
and Sulphidity besides H-factor in Soda/Kraft/N.S.S.C. pulping of indigenous cellulosic raw
materials so that correlationship between Total pulp yield, E. A. and sulphidity etc. may be
established.

In view of increasing conciousness about quality of
paper and its products the attention of paper
technologists in the country has been diverted to
evolve a technology for the production of uniform
pulps j.e. which have uniform physical and chemical
properties. Generally uniformity of pulp is assessed
f~om simillar perrnaganate or Kappa No .. and pulp
YIeld. Elchpaper making raw material is a
complex heterogenous multicomponent system
consisting of three main components-cellulose,
hemicelluloses .and lignin, react with cooking
chemicals at different rates and by different
mechanisms.. Thus it has never been possible to
develop rigorous mathematical descriptions of
pulping process, although process of kraft delignifi-
cation has been treated as first order reaction'. In
this direction an initiative has already been taken
by K.B. Vroom" in 1957, who introduced H-Factor
as one single variable in place of two cooking
variables namely time and temperature. The
principle is based on the assumption that an
Arrhenius type rate increase in lignin removal from
cooked chips occurs with increasing cooking
temperature. Vroom's H-Factor has proved useful
in mill operations and laboratory research studies
for predrcting required changes in cooking time to
compensate for changes in cooking temperature, or
VIce Versa. However H-factor is limited to changes
in time and temperature i.e. it describes only, the
physical energy input of the kraft process.

The technology has now advanced to such an extent
that pulp yield. Kappa/Permanganate number, Effec-
tive alkali and H-Factor may be expressed by linear
52

models of the form Y = A-B [(logloH) x (EA)D]4-6
where Y=Yield, H=H-Factor, E A.=Effective
alkali and A, B & n are constants. The validity of
these linear models has been established by the
successful development of control strategies based
on these models. The H-factor does not take in to
account the chemical factors affecting the rate of
pulping such as alkali concentration and sulphidity.
In order to account for these chemical factors
Edwards and Norberg? have developed aT-factor
which is defined as

T = [_S ] x[.~]\ H2-SL:W

where S is sulphidity (expressed as fraction) and
L : W is bath Ratio. Similarly the variables involv-
ed in carbohydrate dissolution reaction have also
been expressed by a single expression known as
Q-Factor. The Q-Factor is a differential equation
that incorporates concentration. liquor strength, a
carbohydrate reaction velocity constant and
temperature.

Based on these lines the validity of H-factor in
delignification of bamboo by kraft process" and
Eucalyptus Grandis by N.S.S.C. process? has already
been studied at the laboratories of Cellulose and
Paper Branch, Forest Research Institute and
Colleges, Dehradun and at I.I.T. Bombay respecti-
vely. The characteristics of lignin, present in
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bamboo and various hardwoods is quite different
and therefore, it has been felt necessary to carry
out an exhaustive study' of kinetics of delignification
in kraft. pulping of Eucalyptus tereticornis wood
which has become a major raw material in India
for bleached grade pulps.

The work reported in this paper has been carried
r out with the following objectives:

1. An exhaustive study of kinetics of delignification
in kraft pulping of Eucalyptus Hybrid.

2. Validity of H-Factor as a guide for control of
pulp quality.

3. Relationship betweeu Il-factor and rate of
delignification.

RESULTS AND DISCUSSION
RATE OF DELIGNIFICATION
The results obtained from the experimental cooks
were analysed for kinetic data •

The rate of reactions at various times at 170°C were
obtained by plotting cooking time at temperature
vs residual lignin (expressed on O.D. raw material)
and finding out the slope of the tangents drawn at
different times. The reaction rates at four different
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times at maximum temperature (170°C) are calcula-
ted from the graph'.
Log dx/dt was also plotted against log residual
lignin. This gave a straight line with a slope of 1.1.
(Graph 2). Thus the kraft delignification oi
Eucalyptus hybrid follows a pseudo first order of
reaction the rate becoming slower at later sta~e of
reaction. This is also confirmed by the linear
relationship, between Log of residual lignin with
time of reaction as shown in Graph (3).
REACTION CONSTANTS
The values of the first order rate constants for the
kraft delignification reaction at different temperatures
were calculated from the experimental data using
the first order rate expression :

K = 2.3~ Log Lo
T Lr

where T = Reaction temperature in "K
Lo = Lignin concentration at the start.
Lr = Lignin concentration at the end.

The rate constants are:
at 443°K (l70°C) = 1.2 hr-l

433°K (160°C)= 0.4971hr+!
438°K (l65°C) = 0.7416 hr+!

o
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CALCULATION OF ENERGY OF ACTIVATION

The energy of activation is given by the expression:
Log K~ = _E~ _TilT]

KI 2.303 R r,x T2

where KI Rate constant at TloK
K2 - Rate constant at T2"K
R Gas constant.
Ea = Energy of activation

The average energy of activation was calculated to
be 33 Kcal/mole. The value of energy of activation
calculated graphicaIIy4= 32.94 Kcal 'mole.

ARRHENIUS FIRST ORDER RATE EXPRESSION
CONSTANT

The Arrehenius first order rate expression in the
following form was used for calculating the relative
reaction rates :
Ln K = B -c- AfT where Energy of~ctiy~tion

. Gas constant
A=33COO/1.987=16610 '. .
Assuming that the rateofreaction is unit at 100°C

0= B - A/373
or B = A/373 = 44.5
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Thus the rate of reaction atanj other temperature
can be obtained from the relation,
Ln K = 44.5-1661O;T
The relative reaction 'rates at various temperatures
are given in Table 3. The relative reaction rate is
found to increase from 2 to 2.5 times per every lOoC
temperature rise.
VALIDITY OF H.FACTOR
A standard cook with conditions, maintained in the
previous cooks, at a max. temp. of 170°C for 90 mts
at temperature was done. The cooking schedule
and HrFactor of the cook came around 111750.
Keeping the HrFactor constant, the cooking times
temperature levels 160°, 165°, 175°C were calcula-
ted.
Chips of Eucalyptus Hybrid were digested at these
different temperature levels for the predicted times.
The pulps were washed and screened and evaluated
for lignin content, holocellulose, Alpha cellulose,
pentosan content and KappaNo., as per TAPPI
standard test methods. The results are tabulated in

.table VI.

TABLE-III RELATIVE REACTION RATES
(Calculated from derived arrhenius expression

Ln K - 44.5-16610/T)
SI.No. Temperature C Relative Rate

1- 100
2. 110
3. 120
4: 130
5. 140
6. ISO
7. 160
8. 170
9. 180

10. 190

1.0
30
9.5

26.0
72.0

1870
465.00

1096.0
2588.0
5534.0

TABLE-IV H-FACTOR FOR
COOK AT 170°C

STANDARD

Time Tempera- Relative Average Time H-SI. from ture reaction reaction inter Factor
No. start °C rate rate val

HRS
I. 0 50 0 0 0 02. 033 100 ].0 0.5 0.33 0
3. 0.50 110 3.0 2.0 0.17 0
4. 0.66 120 9.0 6.0 0.16 1
5. 0.83 130 26.0 18 0.17 3
6. 1.0 140 72.0 49.0 0.17 9
7. 1.16 ISO 187.0 130 0.16 21
8. 1.33 160 465.0 326.0 0.17 55
9. 1.55 170 1096.0 780.0 0.17 133

10. 3.0 170 1096.0 1096.0 1.5 1644

Total 1866
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TABLE-V CALCULATION OF COOKING
TIME AT 180°C REQUIRED TO ACHIEVE

IDENTICAL H-FACTOR OF 1865

Time Relative Average Time
S1. from Tempera- reaction reaction inter H-
No. Start ture rate rate val Factor

(Minutes)

1- 0 50 0 0 0 0
2. 0.50 100 1 05 0.5 0
3. 0.62 110 3 2 012 0
4. 0.75 120 9 6 0.13 I
5. 0.87 130 26 18 0.12 2
6. 1.0 140 72 49 0.13 6
7. 1.12 150 187 130 0.12 16
8. 1.25 160 465 326 0.13 42
9. 1.37 170 1096 780 0.12 94

10. 1.5 180 2588 1842 0.13 240

Total 401

H-Factor required = 1865
Balance H-FClctor =1464

Minus = 401
Therefore cooking time

at 180°C ... =1464=0.5S hrs, =34 mts.
2588 .

Similarly cooking times at different cooking tem-
perature viz 160,165, 170cC have been calculated).

••

A perusal of the data on yie'd, lignin content,
carbohydrate contents and K: ppa No. of pulps
recorded in Table VI shows that these are nearly the
sa.me as obtained with the pulp prepared at 170°C
with standard cooking cycle employed. This indi-
cates th~t H-Factor can be suitably used, as a guide
for predicting compensating adjustments' of pulping
schedule. In other words regardless of cooking
temperature equal B-Factcr produce pulps of
equivalent characteristics such as lignin content,
yield, Kappa No. and carbohydrate content etc.
PULP YIEI,D Vs. H-FACTOR

A plot of percentage pulp yield Vs Ln HsFactcr
Graph (6) showed a linear relationship between
pulp yield and H-Factor and the relationship can
thus be expressed in the form: .

Y = A+ B (X)
where Y = Percentage pulp yield

A&B = Constants
X = is a function of Il-Factor.

The following equations hold good for this Raw
Material. (Derived by linear regression analysis
method").

Y = 246.08-24.73 (Ln H)
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(for the pulp yield range 60 to 70 and E A 30 gpl
as NaJO) .

Similar Relationships were observed in case of
(Graph 7) percentage lignin in pulp VR. Log ~-
Factor and (Graph 8), Lignin to carbohydrate ratio
vs. Log H-Factor. These relationships establish ~he
prediction capability of H-Factor in predlctlOg
parameters of pulp. Similarly, the Chemical charged
in terms of effective alkali, concentration can be
included into the expression of the form:

Y = A + B [(Ln H (BA)D]
i.e. Y = A + B (X) Where

X would bea function of HeFactor and the effective
alkali concentration. Expressions of these type
have been developed. for certain soft wood species
and their applicability, has been established by the
development of Control Models based on
them+v

EXPERIMENTAL
RAW MATERIAL
Eucalyptus hybrid chips procured from Mis S~ar
Paper Mills Ltd., Saharanpur having the ronowics
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proximate chemical analysis was.used in this study :
1. Ash 0.62%
2. Silica 0.03 %
3. Alcohol- Benzene Solubility 1.20%
4. Pentosans 15.50%
S. Lignin (ash free) 28.40%
6. Hole-Cellulose 67.50%
7. Alpha Cellulose 42.30%

(The proximate analysis of the raw material was
carried out as per standard TAPPI methods).

COOKING LIQUOR

·White liquor w~s obtained from Mis Star Paper
Mills Ltd, and analysed for active alkali and
SUIP;lidity. The liquor was fortified to an active
alkali level of 100 gpl as Na20 and sulphidity 20%,
by adding calculated amounts of commercial grade.
N.lOH & Na~S. The fortified liquor was decanted
and stored for use in the experiments.

SULPHATE COOKING

Wood chips of uniform moisture content and size
(503 gm O.D.) were, taken in an electrically heated
auto clave. The required amount of cooking liquor
was added in autoclave. Tap water was used for
dilution to maintain a bath ratio of 1 : 4. The
following cooking conditions were maintained in all
the cooks:

1. Active Alkali % = 16 (as Na20 on
O.D. Chips)

=20
=1 : 4

2. Sulphidity %
3. Bath ratio
4. Initial active alkali

concentration, gpl = 40 (as Na~O)
S. Initial temperature °C = 50
6. Rate of rise of

temperature =10'C per 7.5 minutes

In the first series of experiemen ts under constan t con-
ditions as specified above, the chips were digested at
temperatures ranging from lOO"C to 170°C. The
time required to reach the desired maximum
temperature was carefully controlled to give a uni-
form rate of rise of temperature. The digester was
blown at maximum temperature immediately without
allowing any retention time, The semi-cooked chips
were discharged and quenched with cold tap water
to lower the temperature.

The semi cooked chips were refined in a laboratory
disc refiner (Defibrator make, Type D) having a
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clearance of 0.05 mm. The refined pulps were washed
thoroughly free from the cooking chemicals and air
dried. The dtied pulps were stored in polythene
bags and sealed.

In the second series of experiments, under. const~nt,
conditions as maintained in the earlier senes, ChIpS
were digested at 170°C with 90 minutes to cooking
temperature and cooking times of 30, 60,90, 120
minutes at maximum cooking temperature. The pulps
obtained were washed, screened, air dried and
stored in polythene bags.

The pulps were evaluated for lignin content, holoce-
llulose, alpha cellulose, pentosan and kappa. J;l"os.
as per TAPPI test methods. The pulping condItlO~s
and results of pulp evaluation are recorded 1D
table-I. The chemical analysis based on moisture
free wood and the percentage of c.oristituent~ ~emoved
from wood under various cooking conditions are
given in Table 2.

CONCLUSION :

In the foregoing article, the utility of H-Fa~tor as
a single major control variable has been elucidated.
In the recent years, much of the world pt;tlp ind~s-
try's attention has been drawn toward~ improving
pulping techniques & development of ~ano~s cont.rols
in pulping. Based on the work done 1D this proJ~ct,
it is recommended to further carry out exhaustive
study on chemical kinetics of alkal~ne pulping pro;ess
for different indigenous cellulosic raw materials,
which vary in their chemical composition & behavi-
our. We feel that the application of H.-Factor, as.a
guide for predicting compesatory a~J1:lsteme~ts 1D

pulping schedules an~ pulp ch~ractenstlcs.. WIll be
of great use in chemical pulping by continuous or
batch processes.. ReceJ?tly H-Fact?r meters/or con-
tinuous integration of time & relative reaction rates
have been successfully used in advanced c~un~ries .for
the continuous recording and control of delignification
level. The benefits of such technology can also be
availed in India so as to improve the performance&
quality of the products of pulp mills.

Further with the increasing trend towards automa-
tion of pulping proces~es, it is neces~ary to ?e~ive
kinetic models for Indian raw materials on similar
lines as developed at Western Forest Products Lab.,
Canada so as to employ feed forwardcontroJ sy~tem~
to monitor the cooks. Also, study of kinetics of
carbohydrate dissolution is essential to develop
suitable models & thereby eliminate unnecessary
degradation of pulp, by monitoring the pulping
variables.
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