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[57] ABSTRACT

A method is provided for determining the alkali con-
tent of alkaline pulping liquor such as sulphate pulping
liquor, based on measuring calorimetrically the heat
liberated by the pulping liquor when the pH of the li-
quor is brought to within the range from about 9.5 to
about 12.5 by addition of an acid-reacting buffer.

21 Claims, 4 Drawing Figures
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1
PROCESS FOR DETERMINING ALKALI CONTENT
IN ALKALINE PULPING LIQUOR BY A
CALORIMETRIC MEASUREMENT OF THE HEAT
OF PARTIAL NEUTRALIZATION OF THE
PULPING LIQUOR

At the present time chemical processes involving re-
action with or upon a cellulosic material are generally
controlled by control of the process conditions, such as
pressure, flow rate, temperature, pH, refractive index.
density and electrical conductivity. In part, this is due
to the complexity of the cellulosic material, and the
variations in the reactivity of the cellulosic material ac-
cording to the natural product in which it is found, and
the complexity of the chemical reactioris that may take
place, simultaneously or concurrently, in the reaction
mixture. This complexity is increased if, for example,
the cellulosic material is being degraded by alkali at-
tack as in the chemical pulping of cellulose. since the
alkali can react not only with the cellulosic material but
also with the degradation products produced in conse-
quence of this attack on the cellulosic material.

For these reasons the reaction conditions for chemi-
cal reactions with cellulose are largely determined by
an empirical approach. Attempts to reduce the control
of the reactions to an exact science based on analytical
methods for following the course of the reactions have
been frustrated by the difficulty of determining what
reactions are actually taking place at any given time,
and what expedients are needed to control them. Thus,
of the process parameters that have been controlled in
chemical pulping processes, only pH measurements are
in fact specific for a certain component, in the case of
a sulphate pulping process, the alkali content.

Attempts have been made to devise methods and
techniques by which more exact measurements of the
cellulose pulping conditions and the contents of the
cellulose pulping reaction mixture can be taken, so as
to make it possible to control the pulping process bet-
ter. Thus, a method has been proposed to control a sul-
phate pulping process by analysing the alkali content of
the pulping liquor, and correlating this with the reac-
tion temperatures applied during the pulping. How-
ever, the method for determining alkali content ‘itself
poses a challenge. Because of the complex mixture of
chemicals present, many of which can react with titrat-
ing acid, the course of the titration follows no predict-
able pattern common to other titrations. There may be
not one but several end points, and it is difficult to
know which end point to accept. One may arbitrarily
select a given end point, and reproducibly apply such
a titration to determination of the pulping conditions;
this will certainly give pulping results and a control of
the pulping which is far better than-previously available
procedures. With a better alkali determination, it might
be possible to determine pulping conditions even more
precisely, and reproducibly. '

Conductometric techniques can be used for determi-
nation of alkali concentration. If a direct conductomet-
ric measurement is made in the pulping liquid the cor-
relation between alkali concentration and the conduc-
tivity of the sample is poor. On the other hand if a con-
ductometric titration is made, a very complex appara-
tus is needed in order to obtain accurate results. Poten-
tiometers using ion selective electrodes are liable to
drift, and provide unreliable results. Moreover, the sig-
nal given by such an electrode is dependent upon the
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alkali content in a logarithmic relation, which requires
a high degree of accuracy in the measurement of elec-
trode potential, if the process is to be useful commer-
cially.

A basic difficulty in determining alkali content by
conductivity of the reaction mixture is that ions other
than those contributing to alkali content also carry an
electric current. In order for the conductivity measur-
ing process to give any useful results, as a measurement
of alkali concentration, it is necessary to plot a titration
of conductivity against the volume of the titration acid.
An apparatus constructed for this analysis is relatively
complicated, since it is necessary to record and evalu-
ate a complete course of titration sequences. It is also
difficult to make continuous measurements of alkali
content using such techniques, which is a disadvantage
in determining alkali concentration using a continuous
pulping process. If the analysis is to be fully automatic,
some provision must be made to somehow select the
end point of a given titration. If a computer is used for
this purpose, the cost of the analytical equipment is
correspondingly increased. It is obvious that this tech-
nique is complicated, but it can be used to obtain accu-
rate measufements of the alkali concentration in pulp-
ing liquors, for instance, black liquor.

In determining alkali concentration potentiometri-
cally, alkali content is found to be in a logarithmic rela-
tionship to electrode potentiai which makes it difficult
to measure the alkali concentration directly with suffi-
cient accuracy. Moreover, it is difficult to maintain pH
electrodes in good condition when immersed in the
corrosive highly alkaline pulping liquor.

It is rather important to be able to determine the

amount of alkali present in the pulping liquor at differ-
ent times and stages of the pulping process. If the pulp-
ing liquor contains too little alkali, the pulping process
will be incomplete, which may result in an unsatisfac-
tory cook. On the other hand, if the pulping liquor con-
tains too much alkali, the cellulose will be degraded ex-
cessively, which results in a loss in yield, and a weaker
pulp. There is therefore a great need for a process
which would make it possible to measure automatically
and continuously and with great accuracy the effective
alkali content of a pulping liquor from the beginning to
the end of either a batch or a continuous pulping pro-
cess. By “effective alkali” is meant the alkali evidenc-
ing its presence by reaction with a suitably chosen alka-
line buffer, which acts as an acid towards the more al-
kaline pulping liquor.
+ The method of the present invention makes it possi-
ble to determine effective alkali content of pulping li-
quor accurately and continuously, without the need for
expensive instrumentation, thereby making it possible
to continuously control a pulping sequence according
to its- alkali content at any given stage. It has been
found that the effective alkali determined by reaction
with a buffer and calorimetric analysis is a good meas-
urement of effective alkali according to the first men-
tioned definition, if the buffer has a pH in the range of
9.5-12.5. Consequently, the calorimetrically deter-
mined concentration of effective alkali can be used to
control pulping processes.

In the method in accordance with the invention, the
heat liberated by a pulping liquor in the partial neutral-
ization of the alkali by an acidic substance is deter-
mined calorimetrically after mixing a sample of the

. pulping liquor with a buffer in an amount to provide a
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pH within the range from about 9.5 to about 12.5, and
preferably within the range from about 10.5 to about
11.5, in the resulting mixture. It has been determined
in accordance with the invention that the heat liberated
by partial neutralization of the alkaline pulping liquor
only to this extent is an accurate measure of the effec-
tive alkali content of the pulping liquor at the time of
the measurement. Thus, by sampling the pulping liquor
at any stage of the pulping process, continuously or in-
termittently, one can obtain information on the effec-
tive alkali content which is sufficient to enable one to
modify the pulping conditions so as to control the pulp-
ing as desired.

In the process in accordance with the invention, the
particular final pH selected for the measurement is not
critical, but for reproducible measurements in any
given cook, it is desirable to select and utilize for the
measurements throughout the cook a fixed final pH for
the buffer-pulping liquor mixture. This is important in
order to obtain reproducible results, that are meaning-
ful in comparison to previous and subsequent alkali de-
terminations in a given cook. This can be done by using
the same buffer solutions throughout, and the same
proportions between the sample volume of pulping li-
quor and the volume of buffer solution.

In the first step of the process, a sample of the alka-
line pulping liquor is diluted to a suitable concentration
at which the reaction with the buffer can take place.
This concentration is in no way critical, and any desired
concentration can be used, without exception. The
concentration range of alkali as NaOH in normal undi-
luted pulping liquor is from about 1 to about 10 g
NaOH per liter at the end of the cook, at the beginning
of a cook from about 50 to about 90 g NaOH per liter.
It is possible to use a sample of the pulping liquor undi-
luted, but because of the high alkali content, a rela-
tively large amount of buffer solution will then be re-
quired and corrections for the heat of dilution when
mixing concentrated sample with buffer may also be
necessary, if a high degree of accuracy is needed, and
this is quite unnecessary, since a smaller amount of al-
kali although liberating a smaller amount of heat will
nonetheless liberate a proportionate quantity of heat,
which can be accurately measured. The lower limit of
the dilution is of course that at which the amount of
heat liberated by the amount of partially neutralized
alkali is too small to be measured. This dilution is not
reached until the alkali concentration has been re-
duced to approximately 0.05 gram per liter of sodium
hydroxide in the diluted sample. Normally, the pulping
liquor is diluted with from 3 to 20 times its volume of
water, and preferably with from 8 to 12 times its vol-
ume of water.

The diluted sample is then mixed with an amount of
an acidreacting buffer sufficient to bring the pH of the
resulting mixture within the range from about 9.5 to
about 12.5, and preferably from about 10.5 to 11.5.
Neither the amount of buffer used nor its pH are criti-
cal, provided both are at least sufficient to bring the pH
of the mixture to within this range. It is not even neces-
sary to control the amount of buffer added, provided an
excess of buffer is added, and the relative proportions
of buffer and sample are always the same, since an ex-
cess of buffer itself having a pH within this range prior
to mixing with the pulping liquor merely ensures that
the resulting mixture will also have this certain pH
within this range. However, although the buffer solu-

4

tion does not change appreciably in pH as a result of
the mixing, the pulping liquor changes from a pH inex-
cess of 12 to a considerably lower pH, according to the
buffer used and its pH.

The pH of the pulping liquor is reduced because hy-
droxyl ions of the effective alkali are reacting with hy-
drogen ‘ions supplied from the acid component of the
buffer, resulting in the formation of water in an equiva-
lent amount. Accordingly, the consumption of the acid
component of the buffer, converted to sodium hydrox-
ide concentration by calculation, provides a good

- measurement of the effective alkali content of the sam-
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ple of pulping liquor, and therefore presents a charac-
teristic feature of the pulping liquor at the selected
stage of the pulping at which the sample is taken. In ef-
fect, the pulping liquor is titrated by acid to an arbitrar-
ily selected partial neutralization end point represented
by any desired pH within the range from about 9.5 to
about 12.5 in a single step, by mixing the pulping liquor
with the buffer, the end point of the titration being de-
termined by the pH of the buffer and being the pH of
the buffer when an excess of buffer is used. The heat
liberated in so doing is then measured calorimetrically.

In contrast, if a buffer of pH approximately 11 is
mixed with liquor and an attempt is then made to mea-
sure changes in conductivity, any changes in the con-
tent of hydroxy! ions based on the pulping liquor sam-
ple will be difficult to establish, because of the presence
of other ions in the liquor which also contribute to con-
ductivity. However, by measurement of the heat liber-
ated by the mixture upon mixing with an acid-reacting
buffer in accordance with the instant invention, the
change in hydroxyl ion content is measured directly,
and this change can be measured accurately, because
there is a linear relationship between the heat of partial
neutralization of the pulping liquor and the alkali con-
tent thereof.

That the effective alkali content is in fact being mea-
sured by this technique has been demonstrated by com-
parison measurements with pure sodium hydroxide so-
lutions of known hydroxyl ion concentrations. Tests
carried out on a large number of pulping liquor samples
taken at different stages of the pulping process show
that the calorimetric method of measuring the heat of
partial neutralization and a conventional conductomet-
ric titration technique to the same pH end point give
the same effective alkali content.

It should be noted that the reaction carried out in the
process of the invention resulting in the formation of
water from hydrogen ions of the buffer and hydroxyl
ions in the pulping liquor is not a full neutralization be-
tween a large excess of strong acid and a small quantity
of alkali, in which case the excess acid determines that
the final pH be on the acid side, but partial neutraliza-
tion of the effective alkali with an acid-reacting buffer
(in its behavior towards the alkaline sample), where an
alkaline terminal pH within the range from about 9.5
to about 12.5 is selected as the end point. If the titra-
tion is effected with an excess of acid, lignin would pre-
cipitate out, upsetting the measurement results, and
clogging the apparatus.

In determining the alkali content of pulping liquor,
the absolute alkali defined by neutralization to pH 7 is
not required. It is only the effective alkali content that
needs to be determined, and this is what is measured in
accordance with the process of the invention, by titra-
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tion to a pH within the range from about 9.5 to about
12.5, using an acid-reacting buffer.

Buffers which can be used in the process of the inven-
tion are known, and form no part of the instant inven-
tion. Pure acids are not included, but acid mixtures
with their corresponding bases are, which in aqueous
solution impart a pH within the range from about 9.5
to about 12.5, preferably from 10.5 to 11.5. As exem-
plary of such buffers are mixtures of alkali metal phos-
phates with monohydrogen phosphates, and/or dihy-
drogen phosphates; mixtures of alkali metal carbonates
with bicarbonates; mixtures of alkali metal borates and
hydrogen borates; mixtures of ammonium phosphates,
carbonates or borates' and ammonia; quaternary am-
monium compounds; organic amines; and mixtures of
two or more of these systems. The relative proportions
of these salts in the mixtures are selected so that the
aqueous buffer solution has a pH within the range from
about 9.5 to about 12.5, as stated.

The pH of the phosphate-hydrogen phosphate buffer
is given by the expression:

pH =11.0 +log [PO, = ]/[HPO,=]

This buffer has its maximum buffer capacity at the pH
= pK; for the equilibrium HPO,= = H* + PO, =,
that is at pH = 11. The buffer used in accordance with
the invention has the same molar concentration of PO-
+ = , which is a base, and of HPO,=, which is an acid.
Consequently this buffer is acid-reacting when it is
mixed with the sample of pulping liquor.

The term *‘acid reacting buffer” as used herein refers
to a buffer which acts as an acid towards the sample of
alkaline pulping liquor.

The determination of effective alklali content in ac-
cordance with this process is then used to select appro-
priate pulping conditions to obtain the desired cellulose
pulp. Thus, if the quantity of effective alkali in the
pulping liquor sample at a suitable point of time or
stage in the pulping reaction is determined, it is possi-
ble to establish -a suitable time-temperature sequence
for the cook, so that a pulp having the desired degree
of delignification is obtained, by applying the socalled
“H” factor, as defined by Vroom, Pulp and Paper Mag-
azine of Canada 1957 pages 228 to 231, the disclosure
of which is hereby incorporated by reference.

Thus, for example, wood can be pulped to a desired
Kappa value under pulping conditions established on
the basis of H factor determined from a graph of H fac-
tor against Kappa value over a range of alkalinities (in
terms of g/l. NaOH) corresponding to the alkalinites
required for the pulping of the type of wood selected.
A family of such curves, one for each of a series of al-
kalinities within such range, serves as the reference
graph. The alkalinity of one or more samples taken at
an early stage from a pulping liquor used to digest the
same type of wood is determined by the calorimetric
method according to the invention. Thus, the alkalinity
of the sample obtained by this measurement establishes
the curve of the reference graph applicable to this sam-
ple of wood, and from this curve that is thus selected,
the H factor applicable to obtain a sulfate cellulose
pulp having a predetermined Kappa value is read off.
The H factor in turn establishes cooking time and/or
cooking temperature for the selected degree of deligni-
fication.

To obtain a sample of alkaline liquor for the determi-
nation, the sulfate cooking is begun in the conventional
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manner, by charging and thoroughly mixing wood chips
and alkaline cooking liquor in the digester. A sulfate
cooking liquor, as is well known, is an aqueous solution
of alkali, usually NaOH, and Na,S. The digestion is
then begun, and allowed to continue for an initial cook-
ing period during which at least 20% of the alkali added
initially up to about 85% of the alkali added initially,
preferably from 40% to 75%, has been consumed, after
which a sample of the cooking liquor is taken, and ti-
trated with an acid-reacting buffer to an end pH within
the range from about 9.5 to about 12.5. Either a gradu-
ally or rapidly increasing temperature during the initial
cook can be used as desired, but approximately the
same rate of increase would be used afterwards as be-
fore. The determination is usually valid only for initial
heating rates and temperatures approximating those
used in obtaining the sample.

In preparing the pulping sample for calorimetric
analysis, the rate of temperature increase during the in-
itial digestion stages can be within the range from about
0.1° C/minute to about 25° C/minute, preferably from
about 0.5° to about 10° C/minute.

The calorimetric determination of alkali concentra-
tion makes it possible to select the correct curve to de-
termine H factor for a given (desired) Kappa value on
the reference graph. The reference graph is composed
of a family of curves, one for each alkali concentration
(NaOH in g/) at which a cooking can be carried out
over the entire range of useful alkali concentrations.
One reference graph is set up for each type of wood to
be digested, for instance, spruce, fir, pine, birch, euca-
lyptus, beech, oak, maple, aspen, cedar, hemlock,
cherry, chestnut, locust, elm, and the curves are based
on the Kappa values obtained for pulps processed at
given H factors in the digestor to be used. Thus, each
plant would establish its own reference graph empiri-
cally, based on actual digestion experience for the type
of wood to be pulped.

After the correct curve for the determined alkali con-
centration has been ascertained, the H factor for the
Kappa value of pulp desired can be read off, and from
the H factor the cooking temperature and cooking time
can be ascertained.

The H factor corresponds to a unit of digestion, and
represents the number of hours of digestion at 100°C.
At a higher temperature, more units of digestion can be
completed within a given time, and at a lower tempera-
ture, less. Thus, H factor is a measure of how much di-
gestion is' needed — at 100°C., or at temperatures
above and below 100°C.

In fact, any digestion temperature can be used in the
process of the invention, within the range from about
110° to about 180°C., and the cooking times also can
be widely varied, from about 1 minute to about 10
hours, preferably from about 160° to about 180°C. for
from about 15 minutes to about 3 hours. The H factor
determines how long the cook must be at a selected
temperature, and vice versa, for a given Kappa value,
at the alkali concentration determined in the calorimet-
ric analysis.

The first step in the development of the H factor by
Vroom was the establishment of relative reaction rate
values corresponding to a range of temperature levels.
Vroom quite arbitrarily chose the reaction rate at
100°C. as unity, and rates at all other temperatures
were releted to this standard. The Arrhenius equation
was used in the form
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lnk = B-—A/T

where

k = reaction rate,

T = temperature in degrees absolute, and

B and A are constants.

The value for A was based on the work by Larocque
and Maass, Canadian Journal of Research, B19:1-16
(1941). Then, at the arbitrarily chosen rate of unity at
100°C, the equation becomes

0=B—16,113/373
and the relative rate at any other temperature is given
by
1n~1(43.20 — 16,113/T).

Tables of these reaction rate values can then beé pre-
pared for any desired temperature range:

TABLE I

RELATIVE RATE VALUES FOR THE “H"” FACTOR
IN SULFATE PULPING

Relative Temp. Relative Temp. Relative Temp.
Rate °C Rate °C Rate °C
1 100 25 130 401 160
i 101 28 131 435 l61

1 102 31 132 471 162

1 103 34 133 511 163
2 104 37 134 563 164
2 105 41 135 610 165
2 106 45 136 661 166
2 107 49 137 716 167
2 108 54 138 777 168

3 109 60 139 855. 169.
3 110 66 140 927 170
3 111 73 141 1005 171
4 112 79 142 1089 172
4 113 87 143 1180 173
5 114 96 144 1279 174
5 115 105 145 1387 175
6 116 114 146 1503 176
7 117 126 147 1629 177
7 118 138 148 1766 178
8 119 150 149 1914 179
9 120 165 150 2042 180
10 121 182 151 2213 181
11 122 197 152 2398 182
12 123 217 153 2600 183
14 124 236 154 2818 184
15 125 260 155 3054 185
17 126 281 156 3258 186
18 127 305 157 3531 187
20 128 336 158 . 3827 188
22 129 364 159 . 4082 189

Employing these relative rate values, a curve of rate
against time in hours can be plotted for any cooking cy-
cle, and the area under such a curve is designated as the
H factor.

The H factor represents the number of units of diges-
tion per hour at 100°C. The total number of digestion
units needed, the H factor value from the reference
graph curve, can be obtained using the above table as
a multiple of the lower number of units per hour at
lower temperatures, or as a fraction of the higher num-
ber of units per hour at higher tempeératures.

As a simplified example, let it be assumed that the H
factor indicated by the reference graph curve is 401.
Then, the desired Kappa value will be obtained after
the equivalent of a 1 hour cook at 160°C, or a two hour
cook at 152°C, or a 3 hour cook at 147°C; or a one-half
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hour cook at 168°C. This is an oversimplification be-
cause as a practical matter, however, the cook is not
carried out solely at the temperature of the table, but
over a gradual heating to the cooking temperature, and
the H factor represents the units of digestion over the
entire cooking cycle. Thus, the computation is slightly
more complicated, and in fact the H factor for any
cooking cycle represents the area under a relative reac-
tion rate versus time curve. Thus, the H factor deter-
mines the shape of any of an infinite number of curves
that can be used for a given cook.

As a further example, let it be assumed that the H
factor is 1594. To obtain such an H factor value, one
can use a cooking cycle of 1% hours in the rising tem-
perature stage from 80°C to 170°C, and 1% hours at
170°C in the final cooking stage. This is shown by the
following computation:

TABLE II
Relative Time
Time from Temp. rateof Average Interval
start (hours) °C . reaction rate x (hours) = "H" factor®
. 0,00 ‘80 0
. ’ 0 x 1/4 = 0
0.25 95 | 0 o .
’ A 3 1/4 = 1
< 0,50 110 3 .
9 x /4 = 2
0.75 125 15 .
41 x " 1/4 = 10
.1,00 - 140 66 .
o ) 163 x  1/4 = 41
1,25 155 260
594 x /4 = 149
1.50 170 927
. 927 x . 11/2 = 1391
3.00 170 927 ———
’ Y Total ..eeeeus ~ 1594

! Calculated to the nearest whole aumber.

In the above calculation, in the rising temperature
stage of the cycle, the relative rate values have been av-
eraged over one-quarter hour periods. While of course
this is an approximation, it is satisfactory for most pur-
poses. More accurate approximations can be obtained
by taking smaller time intervals, or other methods such
as Simpson’s rule or the trapezoidal rule may be em-
ployed.

Thus, any conditions of cooking temperature and
time which give the H factor that has been determined
can be used.

A computer can be used for calculating the H-factor
and the cooking conditions from the H factor, and the
computer can also be adapted to control the cooking
automatically by sending direct signals to the control
board establishing the cooking conditions.

In a continuous or in a batch process, it is possible to
adapt the sampling operation to the particular digester
being used, for example, using continuous sulfate di-
gesters of the type having two cooking zones, with the
cooking sequence regulated in said zones. Even in-the
case of batch cookings, more than one sample can be
taken, if suitable, in order to have a greater control
over the cooking sequence. However, it has been found
that the cooking sequence can be established fully from
the results provided by a single sample measured in ac-
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cordance with the invention.

In a conventional pulp digestion, the same tempera-
ture and time schedule is used for all cooks, in a batch
operation, or continuously, from day to day, in the con-
tinuous operation. In the process of the invéntion, in
contrast, the cooking conditions for each batch, in a
batch operation, or continuously, in a continuous oper-
ation, are varied according to the H factor determined
for the particular lot of work being pulped, as shown by
the sample. .

Such variation can be effected in cooking tempera-
ture or in cooking time, or both, and this type of varia-
tion is the usual one, but it is also possible to adjust the
alkali concentration by adding either water, black li-
quor or alkali to move to a different alkali concentra-
tion curve in the reference graph, and so obtain a more
favorable or more convenient H factor. It may be desir-
able, but it is not essential, to take another sample, if
more alkali is added, since the presence of a higher al-
kali concentration may affect the wood in a different
way. If the additional alkali is added at a later stage of
the digestion, however, the effect is minimal, and an-
other sample is unnecessary. , :

In apparatus designed for a continuous digestion. pro-
cess, the chips are fed through a preheater where they
are heated by steam and hot gases led from a digester
and gas evaporator and are then passed continuously
via a high-pressure feeder into the digester by means of
circulating cooking liquor. The excess of chips and
cooking liquor, if any, is recirculated. The digester is a
long reactor through which the chips and liquor
progress at a steady rate. The temperature is adjusted
at the heaters of the fluid taken from the cooking zones
and circulated to achieve the desired rate of tempera-
ture increase and cooking temperature. Liquor sample
lines go to a calorimetric analyzer of the type shown in
FIG. 1 or FIG. 2 which determines effective alkali con-
tent. The calorimeter can be made to signal a computer
which is programmed to adjust the temperature at the
heaters and in this way control the cook by prescribed
variations in cooking temperature.

Provision can be made to adjust alkali by adding
white and black liquor, if this appears desirable.

The pulp is removed at the bottom of the digester and
is fed to a blow tank. Spent black liquor is led to the re-
covery plant and the evaporators, while the hot gases
from the evaporators are led to the condensers and pre-
heater.

The pulp has a substantially constant Kappa number,
due to the control of the cooking conditions in accor-
dance with the invention.

Techniques and apparatus for measurement of the
heat liberated in the course of a chemical reaction are
of course well known. A calorimeter is normally used
for the purpose. However, prior to the instant invention
this technique has not been applied to determination of
the effective alkali content of a cellulose pulping li-
quor. When applied to the determination of effective
alkali in cellulose pulping liquor, the calorimetric pro-
cess of the invention affords a number of advantages
over previously-used alkali determination techniques.

The calorimetric method makes it possible to carry
out the analysis of effective alkali content of the pulp-
ing liquor continuously, which is of particular impor-
tance with continuous pulping processes. This means
that one can continuously meter the effective alkali
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content of the pulping liquor from the start to the end
of the pulping process with a very short time lag, due
only to the transport time for pumping the sample to
the calorimetric analyzer. The calorimeter is of simple
construction, and gives strong signals using, for exam-
ple, thermal emf measurements from thermopiles, or
resistance changes from thermistors. There is moreover
a linear relationship between the signal and the effec-
tive alkali content, which makes it possible to deter-
mine the effective alkali content, which makes it possi-
ble to determine the effective content with a consider-
able degree of accuracy.

- Purity requirements imposed on the buffer are mod-
erate, which means that available chemicals can be
used, without the necessity of special purification tech-
niques. The buffer reagent is added in excess, and
hence the terminal point of the chemical reaction on
which the analysis is based is automatically reached,
and the endpoint does not have to be determined by
any complicated procedure. Even if excess buffer is
present, there can be no neutralization reaction beyond
the pH determined by the buffer. The accuracy of the
analysis is in fact very high, and the standard deviation
is 0.2 gram per liter NaOH, or better.

Calorimetric measuring apparatus which can be used
are illustrated in the drawings, in which:

FIG. 1 illustrates diagramatically one embodiment of
an isothermal calorimeter suitable for the calorimetric
effective alkali analysis of alkaline pulping liquor;

FIG. 2 illustrates diagrammatically one embodiment
of adiabatic calorimeter, suitable for the calorimetric
effective alkali analysis of alkaline pulping liquor,

FIG. 3 is a typical titration curve showing analytical
results obtainable with the instrument of FIG. 1; and

FIG. 4 is a titration curve showing analytical results
obtainable with the instrument of FIG. 2.

The calorimeter of FIG. 1 utilizes the principles of
isothermal calorimetry, and includes a three-line peri-
staltic pump 4, and thermostat coils 6, 6’ arranged in
a thermostat bath 12 together with a mixing vessel 7
and a reaction vessel 8. A thermopile 9 is in heat-
receiving relation to the reaction vessel 8, and the ther-
mopile 9 in turn is in heat-conducting contact with a
metal vessel 10, immersed in the thermostat bath 12
and surrounding the mixing vessel 7 and reaction vessel
8. Reaction heat liberated in the reaction vessel 8 thus
can be conducted through the thermopile to the thes-
mostat bath, and the signal voltage developed as a re-
sult of this heat exchange can be taken out through the
line 13 from the thermopile, as a measurement of the
heat of partial neutralization conducted from the reac-
tion vessel 8 to the thermostat bath 12.

Line 1 conducts buffer solution to the peristaltic
pump 4. Line 2 conducts pulping liquor to the peristal-
tic pump 4. Line 3 conducts a reference solution to the
peristaltic pump 4. The valves 5,5’ in lines 2, 3 on the
other side of the peristaltic pump make it possible to
pass either a pulping liquor solution or a reference solu-
tion through the thermostat coil 6' to the mixing vessel
7, while the line 1 passes an acid-reacting buffer solu-
tion through the thermostat coil 6 to the mixing vessel
7.

In operation at the start,.valve 5’ is open and valve
5 is closed, the acid-reacting buffer solution and the
reference solution are pumped (in the same propor-
tions as those later used for mixing the cooking liquor
sample and acid-reacting buffer) through lines 1 and 3,
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respectively, by the peristaltic pump 4 through the
thermostat coils 6, 6’ to the mixing vessel 7, from which
the mixture enters the reaction vessel 8. The heat liber-
ated upon this mixing is conducted to the thermopile 9.
The mixture is then removed through the outlet line 11.

The signal obtained at 13 when the acid-reacting buf-
fer solution and reference solution are mixed can be
taken as a base or zero line.

After this line has been determined, the supply of ref-
erence solution through line 3 is cut off by closing valve
5', and the pulping liquor is then substituted via line 2,
by opening valve 5. A stream of pulping liquor is passed
to the reaction vessel 7. The heat of partial neutraliza-
tion now developed is considerably greater than the
heat liberated from mixing the buffer and reference so-
lutions, and give a different signal by way of the ther-
mopile. The difference between the two signals is a
measurement of the effective alkali content of the sam-
ple. By carrying out analyses using this calorimeter on
solutions of known alkali contents, it is possible to cali-
brate the instrument. An instrument of this type gives
a linear relationship between the signal in millivolts
(above the signal obtained with the reference solution),
and the content of sodium hydroxide in grams per liter.
This is shown in FIG. 3, which illustrates a calibrating
curve for an instrument of this type. In this instance, a
solution of sodium sulfate was used as the reference so-
lution.

The calorimeter illustrated in FIG. 2 is adapted for
adiabatic calorimetric measurements. The apparatus
includes a peristaltic pump 24, thermostat coils 26,26,
a mixing vessel 27, a reaction vessel 28, thermistors 33,
34 in the thermostat bath at the outlet ends of the ther-
mostat coils 26,26’ and at the reaction vessel 28, and
a thermostat bath 32. The inlet line 21 leads buffer so-
lution to the peristaltic pump 24, and then through the
thermostat coil 26 to the mixing vessel 27. The inlet
line 22 leads a cooking liquor sample solution to the
peristaltic pump 24, whence (according to the position
of the valve 25) the solution passes through the ther-
mostat coil 26’ to the mixing vessel 27, while the inlet
line 23 leads a reference solution (according to the po-
sition of valve 25') through the thermostat coil 26’ to
the mixing vessel 27.

When the buffer and reference solutions are pumped
via lines 21,23 through the mixing vessel 27 into the re-
action vessel 28, the thermistors 33, 34 will register a
small rise in temperature owing among other things to
friction in the mixing vessel, and to the fact that the
buffer and reference solutions can liberate a small heat
of dilution. When mixing the buffer and pulping liquor
solutions, however, a very large amount of heat is liber-
ated, in proportion. By making corrections for the tem-
perature increase registered when the buffer and cook-
ing liquor samples are mixed, and plotting the results as
a function of the sodium hydroxide content of the cali-
brating solution, the results shown in FIG. 4 are ob-
tained.

The following Examples represent preferred embodi-
ments of the calorimetric analytical technique of the
invention, and compare the results obtained with the
results obtained using a conductometric titration ac-
cording to Ser. No. 142,226, filed May 11, 1971, now
abandoned, and its continuation-in-part, Ser. No.
402,697, filed Oct. 2, 1973 which is accurate but time-
consuming.

12
EXAMPLE 1

This Example illustrates the analysis of the effective
alkali content in black sulphate liquor.

Pine wood chips were charged to a 30 liter circulat-
ing digester, and cooked with a sulphate pulping liquor
under the following conditions: '

5

Effective alkali 22%

10 Sulphidity 29.4%
Wood/liquor ratio 1:3.7
Maximum temperature 170°C
Temperature rise 80 to 170°C/150 minutes
Time at maximum )
temperature 60 minutes

15

Samples of the pulping liquor were taken at 110°,
130°% 150° 160° and 170°C during the cook. Samples
were also taken after 1 hour at the maximum cooking
temperature of 170°C. The pulping liquor samples were
then analyzed by an accurate conductometric titration,
adiabatic calorimetric analysis using the apparatus of
FIG. 2, and isothermal calorimetric analysis using the
apparatus of FIG. 1.

In taking the calorimetric measurement using these
calorimeters, the pulping liquor sample solutions were
diluted to 10 times their volume with 0.6 molar sodium
sulphate solution. The diluted samples were then
pumped at a flow rate of 1.8 ml/min to the calorime-
ters.

20

25

30

The buffer solution was an aqueous solution of diso-
dium monohydrogen phosphate and trisodium phos-
phate, having the composition 0.2 molar Na,HPO, plus
0.2 molar Naz;PO, 12 H,0 to 2 liters of buffer solution.
The ionic strength of the buffer was 1.8.

The reference solution was 0.6 molar sodium sul-
phate whose ionic strength was 1.8. Thus, these three
solutions, the buffer, the cooking liquor sample and the
reference solution, all had the same ionic strength. So-
dium sulphate was used as the reference solution and
as a diluent because of the small amount of heat of dilu-
tion liberated thereby. The flow of buffer and reference
solution was 1.8 ml per min. for each.

35

40

45

To calibrate the calorimeters, pure sodium hydroxide
solutions were diluted with sodium sulphate in the same
way as the samples of pulping liquor. The following re-
sults were obtained:

50

TABLE III
55
Concentrated Diluted Signal from
solution solution calorimeter in

NaOH, g/l NaOH, g/l FIG. I, mV

10 1 1.37

20 2 2.75

60 30 3 410

65 The results are shown in FIG. 3, which can be used as
a calibration curve when determining the alkali content
of pulping liquor.
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TABLE 1V TABLE VI - Continued
Concentrated Diluted Signal from Alkali content (g/l NaOH) registered by Apparatus of FIG. 1
solution solution calorimeter in
NaOH, g/l NaOH, g/l FIG.2AT°C Temp. Calorimeter Conductometric
Example °C mV g/l Titration
10 1 0.117 -
20 2 0.235 4 Pine 120 234 17.0 16.1
30 3 0.350 130 2.28 16.5 15.9
140 211 15.3 14.3
. ) 150 118 14.3 14.0
The results are shown in FIG. 4, which can be used as 10 160 167 12.1 12,0
a calibration curve when determining alkali content of
pulping liquor. 5 Birch 120 277 20.1 19.3
The analytical results obtained for the alkali content ::318 %g? }gz(l) {Z‘]t
as g per liter of NaOH is shown in the following Table: s 150 1.98 14.3 13.8
TABLE V
Alkali content (g/l NaOH) Comparison of different methods
FIG. | FIG. 2
Isothermal Adiabatic Conductometric
calorimeter calorimeter Titration
Sample mV NaOH g/ ATC NaOH g/I NaOH, g/l
110°C 4.46 325 0.382 32.5 30.6
130 '3.50 25.5 0.306 26.0 23.7
150 2.92 21.3 0.249 212 18.6
160 222 16.2 0.191 16.2 14.6
170 1.64 12.0 0.144 12.2 9.2
170 L1.02 741 [U.087 7.4] 5.6
Y \j
From calibration From calibration
curve shown in curve shown in
FIG. 3 FIG. 4
The results show good agreement between the adia- 6 Pine 120 255 18.5 18.3
batic and isothermal calorimetric measurements and > }4318 §:§§ }2‘3 }Z)%
the conductometric titration measurement. 150 207 15.0 14.8
160 1.85 13.4 13.6
EXAMPLES 2 to 11 .
. . 7 Birch 120 2.63 19.1 19.6
These Examples represent a determination of effec- }28 ?;.4118 17.3 17.6
tive alkali in a black sulphate liquor on a plant sca}e. 40 150 176 {2:8 ]1§;:§
From a sulphate pulping system for birch and pine, .
having a daily production of 1250 tons, were taken a 8 Pine }%g %fg H 162
series of samples for determining the alkali content of 140 2.05 14.9 3.4
the pulping liquor. The samples were diluted with so- 128 }Zg }(1;7/ %(?32
dium sulphate solution as in the previous Example and 45 ) ) -
the composition and flow of buffer and reference solu- 9 Birch 130 3,03 22.0 21.9
tion was also the same as in the previous Example. In {‘5‘8 %‘22 %8:2 %g'g’
order to cover the widest possible range of alkali con- 160 253 18.4 18.7
tents, the pulping liquor samples were taken at several 10 Pine 120 - 3.35 243 249
different cpoking temperatures‘dt.xring'the cook. Fur.- 30 ) 130 289 510 213
thermore, in order to cover variations in the composi- }‘518 3;’8 {7.9 18.9
tion of the pulping liquor as a result of other factors 160 176 lg'g }g"g
than the alkali content, such as conditions in the recov- ] ’
ery system, the time during which the different samples 11 Pine }%g g ég %f—g %(2)-3
were taken was relatively long, in fact several weeks. 0 140 264 192 193
The results obtained are recorded in Table VI below. 150 249 18.1 17.9
160 231 16.8 16.5
TABLE VI . .
€0 As the Table shows, good agreement is obtained be-
tween the conductometric titration and the calorimet-
i E i Appar: f FIG. 1 . . . .
Alkali content (gt NaOH) registered by Apparatus o ric measurement. Regression analysis on the analysis
Temp. Calorimeter ~ Conductometric values gives the relationship y = 0.98 x + 0.50, where
Example c mv Titration y is the calorimetric analysis NaOH g/l.x is the conduc-
2 Birch 120 2.33 16.9 17.0 ‘tivity titration NaOH g/l, the regression coefficient is
130 217 15.7 14.8 65 0.980 and the correlation coefficient is 0.993.
igg }22 {‘1‘-; }%Z A very good statistical agreement prevails.
o ) ’ Having regard to the foregoing disclosure, the follow-
3 Birch 120 3;5 {g-g ll?,~§ ing is claimed as the inventive and patentable embodi-
130 231 16.7 16.1 ments thereof:
150  2.03 14.7 142 1. A process for determining the effective alkali con-
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tent of an alkaline pulping liquor comprising an alkali
metal hydroxide and an alkali metal sulfide, which
comprises taking a sample of the alkaline pulping li-
quor, mixing the sample with an acid reacting buffer

having a pH less than the pH of the alkaline pulping li- -

quor, in an amount to bring the pH of the resulting mix-
ture to within the range from about 9.5 to about 12.5,
measuring the heat liberated in the resulting partial
neutralization of the effective alkali calorimetrically,
and from such measurement determining the effective
alkali content of the pulping liquor.

2. A process in accordance with claim 1 in which the
pulping liquor is diluted with from 3 to 20 times its vol-
ume of water prior to mixing with the acid-reacting buf-
fer.

3. A process in accordance with claim 1 in which the
buffer is in an aqueous solution having a pH within the
range from about 9.5 to about 12.5.

4. A process in accordance with claim 3 in which the
acid-reacting buffer is selected from the group consist-
ing of acid-reacting mixtures of alkali metal borates
and hydrogen borates; mixtures of alkali metal carbon:
ates with bicarbonates; mixtures of alkali metal phos-
phates with monohydrogen phosphates or dihydrogen
phosphates; mixtures of ammonium phosphates, car-
bonates or borates and ammonia; quaternary ammo-

10
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20

25

nium compounds; organic amines; and mixtures .

thereof, the relative proportions of the mixtures being
selected so that the aqueous solution has a pH within
the range from about 9.5 to about 12.5.

5. A process in accordance with claim 1 wherein the
calorimetric measurement is effected continuously by
continuously mixing a stream of cooking liquor and a
stream of acid-reacting buffer, and the heat is liberated
in the course thereof.

6. A process in accordance with claim 1 wherein the
calorimetric measurement is taken isothermally.

7. A process in accordance with claim 1 wherein the
calorimetric measurement is taken adiabatically.

8. A process in accordance with claim 1 in which the
alkali metal hydroxide is sodium hydroxide, and the al-
kali metal sulfide is sodium sulfide.

9. A process for preparing sulfate pulps of relatively
uniform quality having a desired Kappa number which
comprises pulping wood using an alkaline pulping li-
quor comprising alkali metal hydroxide and alkali
metal sulfide at a cooking temperature and for a cook-
ing time established on the basis of H factor determined
by a graph of H factor against Kappa value at an alkali
concentration corresponding to the effective alkali
concentration determined calorimetrically for the alka-
line pulping liquor used for pulping of the type of wood
selected by the process of claim 1.

10. A process according to claim 9 in which the
cooking is carried out batchwise.

i1. A process according to claim 9 in which the
cooking is carried out continuously.

12. A process according to claim 9 in which the metal
hydroxide is sodium hydroxide. ‘

13. A process according to claim ¢ in which the ef-
fective alkali concentration of several samples taken at
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spaced digestion stages from the alkaline pulping liquor
is determined and utilized to adjust the cooking tem-
perature and cooking time for the pulping.

14. A process according to claim 9 in which the
graph comprises a family of curves at a series of alkali
concentrations and applicable to this type of wood, and
the H factor to obtain a sulfate cellulose pulp having a
predetermined Kappa value is read off from the curve
corresponding to the effective alkali concentration
found.

+ 15. A process according to claim 9 in which to obtain
a sample of alkaline pulping liquor for the H factor de-
termination, the sulfate cooking is begun by charging

-and mixing wood chips and alkaline cooking liquor in

the digester, the digestion is then begun, and allowed
to continue for an initial cooking period during which
at least 20% of the alkali added initially up to about
85% of the alkali added initially has been consumed,
using an increasing temperature, after which a sample
of the cooking liquor is taken and mixed with acid-
reacting buffer and the effective alkali content deter-

‘mined and then the pulping is carried out at approxi-

mately the same rate of temperature increase during
the initial stages until the final cooking temperature is
reached.

16. A process according to claim 15 in which the rate
of temperature increase during the initial digestion
stages is within the range from about 0.1°C/minute to
about 25°C/minute.

17. A process for determining the conditions needed
in controllably obtaining a predetermined degree of de-
lignification and therefore a predetermined Kappa
number in the manufacture of sulfate pulp, using an al-
kaline pulping liquor comprising an alkali metal hy-
droxide and an alkali metal sulfide, which comprises
taking a sample of alkaline pulping liquor at an early
stage in the pulping of wood of the type to be digested,
determining the effective alkali content of the sample
according to the process of claim 1, and from this alkali
content determining the H factor at the desired Kappa
value in the finished sulfate pulp, and from the H factor
determining the cooking time and temperature rela-
tionship needed to obtain the pulp of this Kappa value.

18. A process according to claim 17 in which the
sample is prepared by mixing wood chips and alkaline
sulfate cooking liquor, and continuing the digestion for
an initial cooking period while consuming alkali until
an amount within the range from about-20% to about
85% of the alkali added initially has been consumed.

19. A process according to claim 17 in which the di-
gestion is carried out in the early stage at a rising tem-
perature within the range from about 0.1° to about
25°C per minute.

20. A process according to claim 17 in which the H
factor is determined from a graph of H factor against
Kappa value at the determined NaOH concentration.

21. A process according to claim 20 in which the
graph comprises a family of such curves, one for each
of a series of NaOH concentrations required for the
pulping of the type of wood selected.

* % ok k%
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