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The present invention relates to improvements in cyclic 
processes of manufacturing cellulosic pulps, and more 
particularly to the manufacture of pulps by an improved 
sulphite cooking process employing a relatively pure mag 
nesium base cooking liquor which also permits the re 
sidual liquor to be evaporated and burned for the recov 
ery of heat and its inorganic chemical content, the former 
being converted to steam and hot water and the latter 
being readily converted to form fresh cooking liquor. 
The process of this invention allows the pulping to pro 
ceed in less time and at higher temperatures than formerly 
employed in the production of sulphate paper pulps and, 
by various modifications, allows the production of pulps 
from a wide variety of woods or other cellulosic materials 
suitable for the whole range of paper making and chemical 
conversion. The pulps produced by this method are ob 
tained in higher yields and have higher strength values 
than those obtained by the conventional Sulphite process 
at a comparable degree of delignification. The cyclic 
nature of this process also results in major savings in the 
cost of chemicals and energy, as well as eliminating atmos 
pheric and stream pollution. 

Heretofore, as stated in “Pulp and Paper Manufacture," 
1950 edition, vol. 1, page 303, "Essentially the sulphite 
process consists of the digestion of wood, in the form of 
chips, at temperatures from 130-150° C. in an aqueous 
solution containing alkaline-earth bisulphites (usually 
calcium bisulphite or a mixture of calcium and magnesium 
bisulphites) and an excess of sulphur dioxide.” It is also 
stated that “the object of the sulphite process is to pro 
duce a maximum yield of nondegraded cellulose with sub 
stantially complete removal of the polyuronide, hemi 
cellulose and lignin.” According to "Pulp and Paper,' 
vol. 1, J. P. Casey, 1952, "The best method of reducing 
attack on the cellulose and still obtain a bleachable pulp 
is to use strong acid, low cooking temperature, and rela 
tively short cooking time.' A typical sulphite cooking 
acid "generally contains about 6% total sulphur dioxide, 
but the trend in recent years has been toward the use of 
higher acid concentrations. A total sulphur dioxide con 
tent of 7 to 8% is not uncommon today, and some mills 
use an extreme of 10%” (p. 95). In such a cooking acid 
the combined CO2 would be approximately 1%, leaving 
the remainder as free SO2. It is believed by many in 
vestigators, "that the rate of delignification is directly 
related to the concentration of free sulphur dioxide in the 
liquor" (p. 97). It is generally believed that the best 
cooking temperature should be the lowest which gives a 
satisfactory degree of delignification in a reasonable time. 
According to Casey supra the use of too high a tempera 
ture lowers the yield, and cooking temperatures over 140 
C. have a highly degrading effect on cellulose (p. 92). 
In general, the cooking cycles commercially employed 
involve a heating of the digester for approximately two 
hours until a temperature of 110° C. is reached and then 
a further heating to a maximum temperature of not more 
than 150 C., the total time of a cooking cycle being 
from 7-20 hours. The time taken to reach maximum 
temperature can be shortened if acids of high free sulphur 
dioxide are used (p. 90). 
A sulphite acid cyclic pulping process employing a 

relatively pure magnesium base cooking liquor is disclosed 

2 
in the prior patents of G. H. Tomlinson, Nos. 2,285,876 
and 2,385,955, a process now being used advantageously 
to produce commercial grades of sulphite pulp on an ex 
tensive scale and to eliminate stream pollution. In these 

5 prior patents of Tomlinson it is disclosed that when a 
magnesium base acid sulphite pulp residual liquor is 
evaporated and burned, an ash is obtained which con 
sists essentially of magnesium oxide, while the Sulphur 
content is obtained in the form of sulphur dioxide at a 

10 concentration of about 1% in the gaseous products of 
combustion. When this ash is separated from the gas, 
suspended in Water, and the resultant suspension con 
tacted with the gas, the sulphur dioxide is absorbed to 
form a liquor consisting of magnesium bisulphite, 

Il 5 Mg(HSO3)2, together with a minor proportion of mag 
nesium monosulphite, MgSO3. Such liquor shows only 
slight, if any, partial pressure of SO2 and the absorption 
of the sulphur dioxide from the low concentration furnace 
gas can be carried out without cooling if desired. In this 

20 case the temperature of the solution, which runs at about 
70-75 C., results from the normal equilibrium estab 
lished by the water vapor pressure of the furnace gas. 
The liquor, which now has a pH of about 4.5 and an 
analysis of about 2.2% “combined” SO and 2.0% "free” 

25 SO, is cooled to about 20° C., using refrigeration if neces 
sary, and is then saturated with a cooled gas containing 
about 16% SO2 such as is obtained from a sulphur burner. 
An additional quantity of sulphur dioxide is then added 
by absorption of cooled relief gas consisting of nearly 

30 pure SO2 as obtained by recycling relief gas from a pulp 
digester during the latter part of a previous digestion prior 
to the blow. The quantity of SO, thus recycled from one 
digester to the next is substantial, being about 2.5 times 
the amount obtained from the furnace gas, this relief 

35 operation requiring about 1.0 to 2 hours at the end of each 
digestion. The acid cooking liquor thus produced has a 
“combined' SO content of about 1.0%, a "free' SO of 
about 5% to 6.5% and a pH of about 1.5. The terms 
"free' SO and "combined' SO are used herein as cur 

40 rently defined by the Technical Section, Canadian Pulp 
and Paper Association (Data Sheet C-00c, June 1955), 
i.e., "Total SO' is the total amount of sulphur dioxide 
present in a bisulphite liquor, expressed as a percentage; 

"Free SOa' is the amount of free sulphur dioxide pres 
45 ent in bisulphite liquor and equal to the sum of the "true 

free” SO2 plus one-half the SO2 present in the bisulphite; 
"Combined SO' is the difference between the total 

SO2 and the free SO2 and representing one-half the SO 
actually combined with calcium or magnesium bisulphite. 

50 It can therefore be seen that: 
When the combined SO2 is equal to the free SO, then 

magnesium bisulphite only is present. - 
When the combined SO2 is greater than the free SO, 

then the combined SO2 minus the free SO2 equals the true 55 monosulphite. 
When the free SO2 is greater than the combined SO2, 

then the free SO2 minus the combined SO2 equals the true 
sulphurous acid or the "excess' SO. 
This cooking acid corresponds to a solution containing 

60 2% SO2 as magnesium bisulphite expressed as SO2 plus 
4% to 5.5% excess sulphurous acid expressed as SO. 
The use of this liquor in digesting the wood in existing 
magnesia base pulp mills has followed the techniques de 
scribed supra. 

65 Bleached pulps suitable for use in bond and other fine 
papers can be produced from certain woods, such as 
Spruce, balsam, and hemlock, at lower cost by the acid 
sulphite process than by the sulphate process, and this is 

N particularly true when the aforesaid cyclic magnesium 
70 base system is employed, because of the economic gain 

resulting from the recovery of heat and chemicals. How 
ever, in spite of this obvious economic advantage, the 
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aforesaid magnesia process installations have been limited 
to certain areas where stands having a very large Wood 
volume per acre of such species still occur. Furthermore, 
the restricted development of the acid Sulphite process 
which has occurred during recent years regardless of the 
base or recovery of chemicals, is also due to the fact that 
many important wood species such as pine and Douglas 
fir cannot be satisfactorily pulped by this process, and 
even in the case of wood species that can be pulped, the 
pulps obtained are materially weaker than those obtained 
from the same species using the Sulphate process. In 
fact, when the short-fibered hardwoods are so pulped, the 
resultant sulphite pulp strength is so weak that such pulp 
can only be used as a minor constituent of a paper sheet. 
The need, which has developed in recent years, for effect 
ing the economic harvesting and utilization of a mixed 
forest has, therefore, ruled out the use of the acid sulphite 
process and indicated instead the installation of the sul 
phate process for conifers and the neutral sodium sulphite 
semi-chemical process for hardwoods. The latter process 
allows the production of hardwood pulps in higher yield 
than can be obtained from the sulphate process but has 
not proved to be commercially suited to the production of 
pulps from softwoods. The use of this process has been 
restricted, since no self-contained cyclic recovery process 
for dealing with the residual liquor has as yet been com 
mercially established. 
The magnesia base cannot be substituted for the sodium. 

base for use in the neutral sulphite process because its 
sparing solubility is not sufficient to permit of cooking 
liquors of adequate concentration being prepared. 
We have now found that by employing the magnesia 

base at the bisulphite stage, i.e. a liquor containing mainly 
magnesium bisulphite and only minor amounts of the 
monosulphite on the one hand or of excess sulphurous acid 
on the other, it is possible to obtain solutions of adequate 
concentration for digestion of the wood. With Such a 
cooking liquor we have been able to produce a whole fam 
ily of pulps including semi-chemical pulps from both hard 
woods and softwoods, and chemical pulps having qualities 
markedly superior to those of the sulphite pulps produced 
with the sulphur-dioxide-fortified magnesia base sulphite 
liquor disclosed in said patents. It should be noted that 
refractory species such as pine and Douglas fir can be 
pulped with this liquor. We have discovered also, that 
the resulting residual liquor can be advantageously treated 
in a cyclic process for the recovery of heat and inorganic 
chemicals. This cyclic process, however, differs radically 
from the one disclosed in the prior patents in that the new 
type of cooking liquor used in the present invention can 
be obtained directly at a temperature of about 70° C. 
from the primary absorption towers disclosed in said prior 
patents. This cooking liquor has but negligible SO2 vapor 
pressure, which greatly simplifies its processing. For ex 
ample, considerable saving in equipment and steam is 
possible, since cooling of the liquor to permit of its acidifi 
cation with large quantities of sulphur dioxide, followed 
by subsequent heating under pressure of the thus fortified 
liquor, is no longer needed. Furthermore, the stripping 
of the large quantity of SO2 from the digester, which 
involved from one to two hours of digester time, is no 
longer required, and finally, the cooking liquor can be 
stored at elevated temperatures up to 100° C. in open 
tanks instead of in the pressure accumulators normally 
employed for acid sulphite liquors. However, when an 
accumulator designed for say 40 p.s.i.g. operating pres 
sure is used, it is possible to store the liquor at 140 C. 
instead of at about 65 C., which would be the maximum 
temperature that could be used in such a vessel with the 
conventional liquor. A further advantage of this process 
is the fact that, inasmuch as it eliminates the handling of 
the large volumes of concentrated sulphur dioxide gas 
involved in the conventional acid sulphite process, the risk 
of atmospheric pollution from gas escape does not exist. 
As stated supra it has heretofore been considered de 
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4. 
sirable, and in fact essential, in making Sulfite pulp, that 
the initial cooking liquor have a “free” SO2 considerably 
greater than the “combined” SO2, that is, that a large 
excess of sulphurous acid be present, and that a slow 
temperature rise and relatively low temperatures be used. 
For example, sulphurous acid 400-500%, or even more, in 
excess of the combined SO2, a temperature rise to 110 
C. in about two hours, and a maximum cooking tempera 
ture of 150° C. or less, are normally considered to be 
essential. We have now discovered that, starting with a 
magnesium bisulphite liquor either free of or containing 
but a small amount of excess sulphurous acid, a Very 
rapid rise to much higher temperatures, i.e. temperatures 
materially above 150° C., may be employed. We have 
also found that under these conditions, the pulping can 
be accelerated by the presence of the very small amounts 
of sulphurous acid resulting from reaction between the 
magnesium bisulphite and the acids formed from the 
wood as the result of the action of heat during the diges 
tion. Furthermore we have now found that by con 
trolling the relationship between the pressure in the di 
gester and its temperature, it is also possible to control 
the quantity of excess sulphurous acid present during the 
cook. Thus if the pressure is not allowed to build up 
above the vapor pressure of steam, sulphur dioxide will 
be stripped off as formed, and cooled samples of the 
liquor taken during the cook will have a pH of 4.5 to 5.0. 
Whereas the wood can be pulped under these conditions 
it is preferred to allow the pressure to build up slightly 
above that which would be established by the water vapor 
pressure alone. Thus when cooking at 166 C. we 
normally employ a pressure of 96 p.s.i.g. to 100 p.s.i.g. 
instead of 90 p.s.i.g. which is the pressure of saturated 
steam at that temperature. Under these conditions the 
pH of a cooled sample of the cooking liquor when with 
drawn during the cook will have a pH of 3.0 to 4.0, this 
being the pH condition we normally prefer to establish 
and maintain during the cook. Inasmuch as acids are 
formed from the wood during the cook, and SO can 
be stripped from the digester, it is therefore possible to 
start with a liquor having an initial pH of 4.5 to 5.0 on 
the one hand or of 2.5 to 3.0 on the other and still main 
tain a pH of 3.0 to 4.0 during the cook, this pH depend 
ing upon the extent to which the SO2 is retained or re 
lieved from the digester. 
An essential feature of our invention is that the cook 

ing liquor must be relatively free of excess sulphurous 
acid at the start and during the early stages of the cook. 
However it is also possible and sometimes desirable, after 
the initial sulphonation reaction at digestion temperature 
has occurred, to add sulphur dioxide so as to carry pres 
sures substantially greater than would be obtained from 
the sulphur dioxide generated in the digester. In carry 
ing out such a two-stage cook, the temperature of the 
digester may be reduced before adding the sulphur di 
oxide although such temperature reduction is not essential. 
We have found that in carrying out the digestion a 

very rapid temperature rise to temperatures of the order 
of 160-190° C. can be employed, an operation which can 
be facilitated by withdrawing a considerable portion, or 
possibly even all, of the surplus cooking liquor from the 
chips following their impregnation. By this procedure 
low liquor to wood ratios that may be of the order of 
1.5:1 to 2.5:1 can be successfully employed owing to the 
fact that the character of the cooking liquor of the present 
invention allows the use of solutions of a concentration 
sufficiently great that the relatively small volume of 
liquor that is retained in the chips is adequate for the 
pulping reaction. At the same time the magnesium bi 
sulphite reagent is sufficiently mild in its action on cellu 
lose that the increased concentration in the liquor re 
quired at this low liquor to wood ratio does not adversely 
affect strength or yield of pulp, and under certain condi 
tions it may actually result in increased yield and greater 
strength. This low liquor ratio when employed, results 
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in a reduced steam requirement for digestion, and also, 
because of the high solids content of the residual liquor 
under these conditions, a low steam requirement for sub 
sequent evaporation of the residual liquor. 

In general, the process of the present invention, when 
used for the production of pulp from wood, comprises 
first displacing the air from the wood chips in the digester 
and then impregnating the chips with the new type of 
magnesium bisulphite cooking liquor. The impregnated 
chips are then heated to a predetermined temperature in 
the range of about preferably 160-190° C. This elevated 
temperature is held for a predetermined period of time 
depending upon the temperature and pressure employed. 
At 160° C. this may be of the order of 3 to 4 hours, 
and at 190° C. may be as short as 10 to 20 minutes, when 
the digester pressure is maintained about 5-15 p.s.i.above 
the vapor pressure of pure water at the digestion tempera 
ture, to give a chemical pulp having the desired quality 
and yield. The digester pressure may then be lowered 
to atmospheric, and the liquor washed from the pulp 
either before or after the pulp is removed from the di 
gester. The residual liquor thus obtained is evaporated 
to a solids concentration suitable for self-sustaining com 
bustion and burned, a major portion of the liberated 
heat being converted to steam. The magnesium oxide 
and sulphur dioxide formed on combustion of the liquor 
are subsequently combined in aqueous solution to form 
fresh cooking liquor. The make-up for losses in chemical 
is added either in the form of magnesium sulphate to the 
residual liquor before its combustion or as purchased 
magnesium oxide to the fresh cooking liquor. 

In the attached drawing we have illustrated a flow 
diagram of a pulp mill of the type shown in Patent No. 
2,385,955, modified to be operable in accordance with the 
present invention. The following operating stages are 
involved: 

(1) The chips are added to the digester 10 and steamed 
to displace air. 

(2) Magnesium bisulphite solution, as prepared in 
stage (14), to be described later, and preheated in ac 
cumulator tank 1 to the desired temperature, is pumped 
to digester 10 through line 5 until the digester is full, the 
pumping being continued to build up a hydrostatic pres 
sure of about 5 to 6 atmospheres or more to aid penetra 
tion of the chips. 

(3) Surplus liquor is then drained from the digester 
10 to give the desired liquor to wood ratio and returned 
through line 6 to the accumulator tank 11 from which it 
was initially withdrawn. 

(4) The temperature of the contents of the digester is 
rapidly increased until it is brought to the value desired 
for cooking, for example 166 C., where it is held for 
the desired time, for example 24 hours, the pressure 
meanwhile being held at a value slightly greater, say about 
6 p.s. i., than that for the vapor pressure of pure water 
at the digester temperature which is 90 p.s.i.g. at 166 C. 

(5) The pressure of the digester is then rapidly re 
duced, the initial portion of steam, if desired, passing 
through line 7 to liquor accumulator i, where liquor 
for the next cook can be heated to temperatures up to 
100° C. if the accumulator is at atmospheric pressure or 
up to higher temperatures, e.g. 120° C. or greater, if the 
accumulator is built for superatmospheric pressures. The 
small amount of SO2 carried in the relief gases from 
stages (4) and (5) is absorbed in liquor accumulator 11, 
this giving the final adjustment to the pH of the cooking 
liquor. 

(6) The contents of the digester are then discharged 
to blow tank 2, leaving the digester available for another 
cook at stage (1), the steam released being condensed 
with fresh water in direct condenser 8 which discharges 
to hot water accumulator 45. 

(7) The pulp in blow tank 2 is next suspended in a 
portion of the residual liquor recycled through line 9 
from rotary washer 13 to which the thus diluted stock is 
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6 
delivered and where it is washed with a dilute liquor ob 
tained from secondary rotary washer 14 through line 46, 
the pulp passing to stage (8) and the remaining portion 
of residual liquor to stage (9). 

(8) The partially washed pulp from washer 13 passes 
to washer 14 where it is washed with hot water obtained 
from tank 45 using directly the water condensed from, 
and heated by, the blow, the washed pulp being screened, 
cleaned, and/or bleached and converted to sheeted pulp, 
or to paper. 

(9) Hot residual liquor as obtained from operation 
(7) is sprayed into a direct contact evaporator 18 where 
it is contacted with hot flue gases as they leave the mag 
nesia separating cyclones 25 of a chemical recovery fur 
nace unit 24, stage (12). This simultaneously cools the 
gas to a temperature approximating its dew-point, about 
70 C., and at the same time partially evaporates the liquor. 

(10) The partially concentrated liquor is then brought 
to pH 6 or 7 at mixer 9 with make-up or recovered 
MgO and is then transferred from tank 20 to multiple 
effect evaporator 21 where it is concentrated to a con 
centration in the range of 45 to 70% solids. 

(11) The evaporated liquor is then fired in recovery 
furnace 24 of the general type described in U.S. Patent 
2,385,955 where the organic portion of the liquor is 
burned for the recovery of heat and the production of 
steam while the inorganic portion is broken down into 
magnesium oxide and sulphur dioxide. 

(12) After passing through the heat exchange zones 
of the furnace and its auxiliary equipment, the mag 
nesium oxide is separated from the gas by means of the 
dry cyclones 25. 

(13) The magnesium oxide is slurried in water at 26, 
collected in tank 30, and filtered at a wash filter 32, so 
that soluble alkali salts, calcium sulphate, etc. which orig 
inate in the water or the wood may be removed from the 
cycle, and the filter cake is then reslurried and slaked at 
tank 33. 

(14) The gas after leaving the dry cyclones 25 and 
passing through the direct contact evaporator 18 where 
it is saturated with water as described for stage (9), 
passes to the primary absorption towers 28 and 29 where 
it is contacted with a slurry containing the washed re 
covered magnesium hydroxide, as obtained from slaking 
tank 33. The sulphur dioxide from the gas is absorbed, 
thus forming magnesium bisulphite together with a small 
amount of magnesium monosulphite. 

(15) The resultant magnesium bisulphite liquor is 
filtered at 46 to remove silicates, etc. and run from stor 
age tank 44 to the accumulator 11 for return to the cycle 
at stage (2). 

(16) The effluent gas from stage (14) which has been 
stripped of magnesium oxide and sulphur dioxide is 
cooled by countercurrent contact with water in a con 
densing tower 42, the hot water thus produced being 
available at tank 43 for use in bleaching the pulp and for 
other purposes. 

Small percentages of the magnesia and sulphur di 
oxide are lost from the system, either with the pulp, or 
through other mechanical loss. These losses can be 
made up by addition of magnesium sulphate to the con 
centrated liquor before incineration at stage (11). Al 
ternatively, magnesia losses can be made up by adding 
purchased magnesia or magnesium hydroxide to the 
slurry going to the absorption equipment of stage (14). 
Fresh sulphur dioxide can be added to the gas at stage 
(14), or alternatively and to avoid dilution of the gas, 
it can be added to the filtered liquor in the accumulator 
11, where the liquor can be held at the desired magnesium 
bisulphite composition. 

In addition to the recovery of heat as steam in the 
recovery furnace, the recovery of hot water at stages 
(6) and (16) adds materially to the economy of the 
process. Because of the low SO vapor pressure in the 
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digester, the hot water recovered at stage (6) can be 
used directly for the washing of the pulp. A correspond 
ing condensate from the conventional acid sulphite 
process is saturated with SO2 making its direct use im 
possible and the recovery of its SO content a trouble 
Some operation. 

Whereas the above description has been related to batch 
digestion; it is obvious that continuous digesting equip 
ment can be used. Certain other of the enumerated stages 
described above can also be modified or even eliminated 
without departing from the major advantage of the cyclic 
System of the present invention. Of special importance 
is the flexibility of the operation such that high quality 
pulps of different types and yield and using materially 
differing fibrous raw material can now be produced with 
a single cooking liquor and a single heat and chemical 
recovery system. When a semichemical pulp is to be 
produced, milder cooking conditions, such as shown in 
Examples Nos. 6 and 8 below, are employed, and pro 
vision must be made for mechanical disintegration of the 
Softened chips. 
As indicative of the types of pulp which can be pro 

duced, the following laboratory pilot plant examples may 
be cited: 

Example No. 1 
4235 g. moisture-free weight of spruce chips having 

31.7% moisture content were placed in a digester and 
steamed at atmospheric pressure for 30 minutes to dis 
place the air. A magnesium bisulphite liquor at a tem 
perature of 90° C. having a pH of 3.32 containing 1.97% 
"free' SO and 1.93% "combined” SO (the excess sul 
phurous acid, expressed as SO, being only 0.04%) was 
added to cover the chips; a hydrostatic pressure of 90 
p.s.i.g. was applied for 30 minutes, and then surplus 
liquor was withdrawn to an accumulator to leave a residual 
liquor to wood ratio of 4.75:1.0. The temperature was 
brought to 166° C. in 40 minutes, heating indirectly by 
means of a circulating system, and the temperature was 
held at 166° C. for 2.25 hours, the digester then being 
allowed to relieve at 96 p.s.i.g. During the heating period 
the pH values of cooled samples of the liquor increased 
to 4.25 after 30 minutes when the temperature reached 
155° C., this resulting from the transfer of SO2 from the 
liquor to the vapor space of the digester. However, as a 
result of acids formed, the pH value decreased to 4.12 
after 40 minutes when the digester reached 166 C., de 
creasing further to 3.55 at 2 hours, with an average value 
of about 3.7 during the cook. Following the desired 
cooking period the pressure was decreased to atmospheric 
pressure and the resultant pulp was washed and screened. 
The screened yield was 54.0%, the screened rejects 

0.12%, the Roe chlorine number 10.2 and the G.E. bright 
ness value 63.0. This pulp, before drying, was beaten 
in a Standard TAPPI Valley beater using a weight of 4.5 
kg. on the bed-plate. Standard hand sheets were pre 
pared from the pulp at various beating times and tested 
in accordance with TAPP Standards-T205 and T220. 
The following data were obtained on the pulp before 
beating and after beating to 300 cc. Canadian freeness. 

BUrst Tensile Beating Canadian TAPPI Time, Freeness, Bulk, TAPPI TAPPI yé Breaking 
Minutes (20. CC./&. Burst "Tear Tear Length, Meters 

0--------- 683 1. 41 65 06 118 8,800 
1.16 89 86 32 3,200 50-------- 302 

Example No. 2 
In this digestion a similar cooking liquor and wood 

were used as in Example 1 and similar techniques were 
employed. However, the liquor was preheated to 140 C. 
before it was added to the chips, and following an im 
pregnation period of 30 minutes, only 15 minutes were 
employed to bring the temperature to 166° C. where the 

& 
temperature was held for 3 hours with the maximum pres 
Sure being 96 p.s.i.g. 

in this case the screened yield was 50.3%, the screened 
rejects 0.06%, the Roe chloriae number 6.4 and the G.E. 

5 brightness 60.0. This pulp showed the following strength 
characteristics when tested as indicated above: 

Beating Canadian TAPPI Blist, Tensile 
Time, Freeness, Buk, i TAPPI | TAPPI | --% |Breaking 

l0 Minutes CC. cc.f.g. Burst Tear Tear Length, 
MoterS 

0--------- 683 1.42 60 9. 06 8,700. 
1,300 16 74 79 27 300 - - - - - - - - 8???? 

15 
Example No. 3 

In tiis case a similar cooking liquor and wood were 
used as before, the impregnation temperature was 90° C., 

20 and the digestion temperature was brought to 180° C. in 
55 minutes and held at that temperature for 30 minutes. 
The maximum pressure was allowed to rise to 140 p.s.i.g. 
(10 p.s. i. higher than the vapor pressure of water at 
180° C.) and the pH value of the liquor was 3.35 during 

25 the cook. 
The screened yield was 50.1%, the screened rejects 

0.11%, the Roe chlorine number 9.5 and the G.E. bright 
ness 60.3. Strength characteristics were as follows: 

30 
Beating Canadian TAPPI Burst Tensile 
Time, Freeness, Bulk, TAPPI TAPPI --yé Breaking 
Mini?tës C?. cc.f.g. Birst Tear Tear Length, 

Meters 

8,800 24 19 64 1.47 682 ------? ? ?350 12,300 40-------- 300 1.18 87 90 132 

Example No. 4 

40 In this case the cooking liquor had an initial pH of 
3.50 and contained 4.22% "free' SO and 4.51% “com 
bined' SO2. Following the impregnation of the chips at 
90° C. all of the free liquor was withdrawn, and the 
temperature was brought to 166 C. in 28 minutes using 

45 direct steam and held at that temperature for 1/2 hours. 
The pressure was maintained at 100 p.s.i.g. 
The screened yield of pulp was 56.7%, the screened 

rejects 0.14%, the Roe chlorine number 12.9 and, the 
G.E. brightness value 57.1. This pulp showed the follow 

50 ing strength characteristics. 

Beating Canadian TAPPI Burst Tensile 
Time, Freeness, Bulk, TAFPI TAPPI --4 Breaking 
Mintes CC. cc./g. B!irst "T"?ar Tear Length, 

55 Meters 

0--------- 670 1.39 72 95 120 10, 500 
48-------- 300 1.9 94 74. 13. 12,700 

Example No. 5 

in this case the magnesiurn bisulphite solution, having 
a pil of 4.60 and containing 3.54% "combined” SO, 
was added at a temperature of 100° C. and the digester 
was heated to 160° C. in 60 minutes, after which all 
surplus liquor was withdrawn. This temperature was held 
at 160° C. and the pressure at 75 p.s.i.g. for 2 hours 
and the temperature was then rapidly dropped to 153 C. 

70 by relieving the digester. Pure sulphur dioxide was then 
added to bring the pressure to 90 p.s.i.g., where it was 
held for 30 minutes, after which the pressure was re 
duced to atmospheric. 
The screened yield was 56.9%, the screened rejects 

is 0.2%, the Roe chlorine number 11.3 and the G.E. bright 

r 
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ness 57.2. The pulp had the following strength character 
istics: 

Beating Canadian TAPPI Burst Tensile 
Time, Freeness, Bulk, TAPPI TAPPI --, Breaking 
Minutes CC. ce.fg. Bull'St Tear Tear Length, 

Meters 

0--------- 673 .45 74 79 109 1,600 
19-------- 300 1.23 91 65 24 14,000 

he above examples in which spruce wood was cocked 
indicate the extraordinary nature of the results that may 
be obtained. 
Screened yield of pulp is normally in the range of about 
46 to 49%. In Example No. 4 above, the screened yield 
was 56.7% with only 0.14% rejects. It has been observed 
that these pulps not only show extremely small quantities 
of Screenable rejects but they are also remarkably free of 
the small shive and bark dirt that pass through the 
Screens and which are characteristic of the conventional 
acid sulphite pulps. The low shive content results from 
the remarkably uniform pulping obtained with these 
liquors while the low bark content results from the fact 
that the inner bark is pulped, which is certainly not the 
case when the conventional low pH liquors are used. 
The strength values of these pulps are also exceptional, 

both at the linbleached stage, as reported above and 
after bleaching where the corresponding values are nor 
mally as great or even greater. With the conventional 
acid sulphite process, the strongest pulps are normally 
prepared by the Mitscherich method where the maximum 
temperature is kept below 125 C. or 130° C. and the 
cooking time is 16 to 18 hours. A commercial Mitscher 
lich pulp showed the following strength values when 
tested by the same methods reported above: 

Beating Canadian TAPPI Burst Tensile 
Time, Freeness, Bulk, TAPPI TAPPI --Yá Breaking 
Minutes C0. C0.jg. Burst Tear Tear Length, 

Meters 

0--------- 667 1.4 26 17 85 4,320 
30-------- 300 17 62 60 92 9,200 

It is apparent that all of the pulps of the present inven 
tion described above are materially stronger than the 
Mitscherich pulp, the burst.--2 tear value being in some 
cases 40% greater. 

Exarninpide No. 6 
This digestion with spruce chips was carried out in such 

a manner as to produce a semi-chemical pulp. Following 
the pressure impregnaticin with a magnesium bisulphite 
liquor having a pih of 4.75 and containing 2.86% "free' 
SC and 3.3% "combined” SO2, all surplus liquor was 
drained back to the accumulator. The ratio of the net 
liquor added to the dry weight of the wood was 1.66:1. 
The temperature was brought to 160° C. in 1 hour with 
direct steam and held at that temperature for 2 hours; 
the pressure being 75 p.s.i.g. The washed seni-cooked 
pulp was refined in a disc refiner and the resultant pulp 
was found to give a yield of 69.5% based on the weight 
of wood, a brightness of 54.6 G.E. and a Roe chlorine 
number of 23.5. The pulp had the following strength 
characteristics: 

Beating Canadian TAPPI Burst Tensile 
Time, Freeness, Bulk, TAPPI TAPPI 34 Breaking 
Minutes ??. cc.f.g. Burst Tear Tear Length, 

Meters 

0--------- 658 66 68 77 03 0,100 
49-------- 300 35 85 54 12 14,000 

Both the burst and tensile values are markedly higher 
than those of the Mitscherlich pulp, and, although the 
tear values are slightly lower, the overall strength, as 

With conventional sulphite pulping the 

O 
measured by the burst--/3 tear value can be considered 
quite remarkable for a pulp at the very high yield of 
69.5%? 

Example No. 7 
Whereas chips from mature pine logs cannot normally 

be pulped by the acid sulphite process, we have found 
that satisfactory results can be obtained by the present 
methods. This digestion was essentially a duplicate of 
Example No. 1 with the exceptions that chips cut from 
mature jack pine and having 52.2% moisture content 
were used and that the digestion time was 3 hours. The 
yield was 51.4%, the screened rejects 1.9%, the Roe 
chlorine number 9.0 and the G.E. brightness 55.5. The 

5 following strength characteristics were obtained: 

O 

Burst Beating Canadian TAPPI Temsile 
Time, Freeness, Bulk, TAPPI TAPPI 36 |Breaking 
Minutes CC. cc.ig. Burst Tear Tear Length, 

Meters 

2O 
0--------- 708 1.68 40 113 97 4,100 
50-------- 308 26 61 89 06 7,900 

Example No. 8 
25 The above techniques can also be applied to the hard 

woods which are characterized by short fibre length. 
This digestion was essentially a duplicate of Example 

No. 1, with the exception that chips cut from aspen and 
having 30.5% moisture content were used, and the diges 
tion time was only 30 minutes. The washed semi-cooked 
pulp was refined in a disc refiner, and the resultant pulp 
was found to give a yield of 69.7% based on the weight 
of wood and a Roe chlorine number of 16.0. The pulp 
had the following strength characteristics: 

30 

Beating Canadian TAPPI Burst Tensile TAPPI TAPPI Time, Freeness, Bulk, -H4 Breaking 
Minutes CC. CC.Ag? Burst Tear Tear Length, 

Meters 

599 ??42 37 58 66 6,900 
300 22 56 50 81 9,700 

The above pulp is quite similar in strength characteristics 
to a conventional neutral sodium sulphite semichemical 
pulp. 
Whereas the percentage, based on wood, of total Sul 

phur dioxide used in the above cooks is materially less 
than that used in producing conventional acid sulphite 
pulp, the combined sulphur dioxide is normally somewhat 
greater. However, because of the cyclic nature of the 
present process the increased quantity of combined sul 
phur dioxide required for optimum results is not of great 
significance, since only the cost of make-up for losses of 
this extra chemical is involved on account of the cyclic 
nature of the process. 

This application is a continuation-in-part of our prior 
copending application Serial No. 558,918, filed January 
13, 1956, now abandoned. 
While in accordance with the provisions of the statutes 

we have disclosed herein preferred embodiments of the 
invention, those skilled in the art will understand that 
changes may be made in the method of operation and 
form of the apparatus disclosed without departing from 
the spirit of the invention covered by the claims, and that 
certain features of the invention may sometimes be used 
to advantage without a corresponding use of other fea 
tureS. 
What is claimed is: 
1. The method of preparing a chemical pulp from cel 

lulosic raw material comprising impregnating the ma 
terial in a digester with a magnesium bisulphite solution 
essentially free of excess sulphurous acid and initially in 
the range of 2.5-5.0 pH, draining solution from the di 
gester to establish a predetermined solution-material ratio 
in the digester, rapidly heating the impregnated material 
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to a maximum cooking temperature between 160 and 
190° C., and maintaining the pH of the solution as meas 
ured at room temperature at a value between 3.0 and 
4.0 at said cooking temperature during the period when 
the major sulphonation of the lignin and dissolution from 
the cellulose takes place, to form a defibred pulp without 
mechanical refining. 

2. The method of preparing a chemical pulp from cel 
lulosic raw material comprising digesting the material 
with a magnesium bisulphite solution essentially free of 
excess sulphurous acid and at a pH value when measured 
at room temperature in the range of 3.0 to 4.0 during 
the period when the major sulphonation of the lignin 
and dissolution from the cellulose takes place, to form 
a defibred pulp without mechanical refining. 

3. The method of preparing a chemical pulp from cel 
lulosic raw material comprising impregnating the ma 
terial with a magnesium bisulphite solution initially in 
the range of 2.5-5.0 pH as measured at room tempera 
ture, and digesting the impregnated material with said 
magnesium bisulphite solution essentially free of excess 
sulphurous acid at a temperature between 160 and 190 
C., and maintaining the solution during a major portion 
of the period when the major sulphonation of the lignin 
and dissolution from the cellulose takes place at a pH 
between 3.0 and 4.0 as measured at room temperature, 
to form a defibred pulp without mechanical refining. 

4. The method of preparing a chemical pulp from cel 
lulosic raw material comprising impregnating the material 
with a magnesium bisulphite solution initially in the range 
of 2.5-5.0 pH as measured at room temperature, digesting 
the impregnated material at a temperature between 160 
and 190° C., and maintaining the pH of the solution 
during a major portion of the digestion period between 
3.0 and 4.0 as measured at room temperature by regulat 
ing the digesting pressure to retain a portion of the Sul 
phurous acid liberated during the digestion, to form a 
defibred pulp without mechanical refining. 

5. A process for preparing a pulp from a cellulosic 
raw material which comprises impregnating the raw 
material with a solution of magnesium bisulphite es 
sentially free of excess sulphurous acid, digesting the 
impregnated material under conditions such that the pH 
of the solution as measured at Toom temperature is be 
tween 3.0 and 4.0 and the digestion temperature is be 
tween 160 and 190° C. for a predetermined period of 
time varying between approximately four hours if at 
the lower temperature and approximately thirty minutes 
if at the high temperature and when the major sul 
phonation of the lignin and dissolution from the cellulose 
takes place, lowering the temperature of the solution, and 
separating the pulp from the residual liquor. 

6. A method of preparing a chemical pulp from a cel 
lulosic raw material which comprises impregnating chips 
of the cellulosic material in a digester with a cooking 
liquor consisting of a hot magnesium bisulphite solution 
essentially free of excess sulphurous acid and having a pH 
of 2.5 to 5.0, rapidly heating the digester contents to a 
cooking temperature in the range of 160-190° C., hold 
ing the digester at said cooking temperature for a pre 
determined period varying between approximately ten 
minutes and four hours, the lower the temperature the 
longer the time, and vice versa, while maintaining the 
digester pressure at a value slightly greater than the 
vapor pressure of pure water at the digester temperature 
to maintain the pH of the solution as measured at room 
temperature at a value between 3.0 and 4.0 during the 
period when the major sulphonation of the lignin and 
dissolution from the cellulose takes place, relieving the 
digester by reducing the pressure therein, and separating 
the residual liquor from the pulp. 

7. A method of preparing a chemical pulp from chips 
of cellulosic material in a digester which comprises charg 
ing the digester with the chips, impregnating the chips 
with a hot magnesium bisulphite solution essentially free 
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of excess Sulphurous acid and having a pH cf 2.5 to 5.0, 
heating the impregnated chips to a temperature between 
160 and 190° C. and with the solution at a pH between 
3.0 and 4.0 as measured at room temperature during the 
period when the major sulphonation of the lignin takes 
place, and adding sulphur dioxide to the digester until 
the pressure is raised to a predeteriihined value and for 
a predetermined time such that the Sulphurous acid 
formed in the chips effects a hydrolysis of sulphonated 
lignin and its Subsequent solution at a temperature in ex 
cess of 140 C. 

8. he method of preparing pulp from chips of cellu 
losic material in a digester which comprises charging the 
digester with the chips, impregnating the chips by flood 
ing with a hot magnesium bisulphite solution essentially 
free of excess sulphurous acid and having a pH of 2.5 to 
5.0, Separating the impregnated chips from the surplus 
liquor, heating the impregnated chips to a temperature 
between 160 and 190° C. and at a pH between 3.0 and 
4.0 as measured at room temperature to effect sulphona 
tion of the ignin and for a predetermined time such that 
the sulphurous acid formed in the chips can effect the 
solution of the sulphonated lignin to the desired extent. 

9. A cyclic method of preparing a pulp from a cellu 
losic raw material and recovering heat and chemicals 
from the pulp residual liquor comprising digesting the 
raw material with a magnesium bisulphite solution essen 
tially free of excess sulphurous acid and at a pH of 3.0 to 
4.0, separating the residual liquor from the pulp, con 
centrating the liquor to a concentration in the range of 
45-70% solids, burning the concentrated liquor with the 
Tecovery of heat, magnesium oxide and sulphur dioxide, 
recombining the magnesium oxide and sulphur dioxide 
to form an aqueous solution of magnesium bisulphite es 
sentially free of excess sulphurous acid, and using said 
reformed liquor in the digesting step while maintaining 
the reformed liquor essentially free of excess sulphurous 
acid. 

10. A cyclic method of preparing a chemical pulp from 
a cellulosic raw material and recovering heat and chemi 
cals from the pulp residual liquor comprising impregnat 
ing the raw material with a magnesium bisulphite solu 
tion having a pH of 2.5 to 5.0 as measured at room tem 
perature, digesting the impregnated material at a tem 
perature of 160-190 C. for a predetermined time and 
at a predetermined superatmospheric pressure, maintain 
ing the pH of the solution as measured at room tempera 
ture at a value between 3.0 and 4.0 at said cooking tem 
perature during the period when the major sulphonation 
of the lignin and dissolution from the cellulose takes 
place, separating the residual liquor from the puip, con 
centrating the liquor to a concentration in the range of 
45-70% solids, burning the concentrated liquor with the 
Tecovery of heat, magnesium oxide and sulphur dioxide, 
recombining the magnesium oxide and sulphur dioxide to 
form an aqueous solution of magnesium bisulphite essen 
tially free of excess sulphurous acid, and using said re 
formed liquor in the digesting step. 

11. A method of preparing a pulp from a cellulosic 
raw material which comprises digesting chips of the cellu 
losic material in a cooking liquor consisting of a hot mag 
nesium bisulphite solution essentially free of excess sul 
phurous acid and at a cooking temperature in the range 
of 160-190° C., holding the chips at said cooking tem 
perature for a predetermined period and with a solution 
pH as measured at room temperature at a value between 
3.0 and 4.0 during the period when the major sulphona 
tion of the lignin and dissolution from the cellulose takes 
place, separating the residual liquor from the pulp, con 
centrating the residual liquor to a predetermined solid 
concentration in the range of 45-70% solids, burning the 
concentrated liquor With the production of heat, mag 
nesium oxide and gaseous products including sulphur 
dioxide, forming a silurry containing recovered mag 
nesium hydroxide, contacting the gaseous products with 



3,046,182 
3 

the magnesium hydroxide slurry to form an aqueous so 
lution of magnesium bisulphite essentially free of excess 
Sulphurous acid, and using Said reformed liquor in the 
digesting step while maintaining the reformed liquor es 
sentially free of excess sulphurous acid. 

12. A method of preparing a pulp from a cellulosic 
raw material which comprises steaming chips of the cellu 
losic material in a digester to displace air, impregnating 
the chips with a cooking liquor consisting of a hot mag 
nesium bisulphite solution having a pH of 2.5 to 5.0, 
draining the surplus cooking liquor from the digester, 
rapidly heating the digester contents to a cooking tem 
perature in the range of 160-190° C., holding the digester 
at said cooking temperature for a predetermined period 
while maintaining the digester pressure at a value slightly 
greater than the vapor pressure of pure water at the di 
gester temperature to maintain the pH of the solution as 
measured at room temperature at a value between 3.0 
and 4.0 during the period when the major sulphonation 
of the lignin and dissolution from the cellulose takes 
place, relieving the digester by reducing the pressure there 
in, separating the residual liquor from the pulp, concen 
trating the residual liquor to a predetermined solids con 
centration Suitable for self-sustaining combustion, burning 
the concentrated liquor with the production of heat, mag 
nesium oxide and gaseous products including sulphur di 
oxide, forming a slurry containing recovered magnesium 
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hydroxide, contacting the gaseous products with the mag 
nesium hydroxide slurry to form an aqueous solution of 
magnesium bisulphite essentially free of excess sulphurous 
acid, and using said reformed liquor in the digesting step 
while maintaining the reformed liquor essentially free of 
excess Sulphurous acid. 
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