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' digested pulp containing bleachable constituents. 
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7 Claims. (Cl. 162-56) 

This is a continuation-in-part of my application Serial 
No. 122,261, ?led July 6, 1961, and now abandoned. 
The present invention relates to a process for re?ning 

More 
speci?cally, the present invention relates to a process for 
treating such pulps with oxygen to oxidize non-cellulosic 
impurities in the pulp and thereby solubilize the impuri 
ties for easy removal from the treated pulp. This is 
accomplished in accordance with the present invention 
without degrading the pulp or etfecting appreciable de 
polymerization of the cellulosic molecules of the pulp. 

Digested pulp contains such impurities as lignin, resin, 
and pentosanes. Prior art re?ning processes for remov 
ing these impurities generally comprise ' 

(l) Chlorination-40 convert lignin into alkali-soluble 
chlorinated lignin and, 

(2) Alkali extraction—.to extract alkali-soluble chlo 
rinated lignin formed by the chlorination as ‘well as 
resin and pentosanes. 

In addition, according to conventional prior art proc 
esses for re?ning sul?te pulp for use in paper-making, 
three stages have been utilized. This comprises chlorina 
tion, alkali extraction and hypochlorite bleaching. It is 
also known that a ?ve-stage re?ning process comprising 
third and fourth steps of chlorination and alkali extrac 
tion, as well as six-stage re?ning comprising two addi 
tional separate bleaching steps have been carried out on 
pulp used ‘for the production of rayon. Sulfate pulp as 
is known, is_more dif?cult to bleach than sul?te pulp and 
sometimes requires additional stages of re?ning. As the 
number of re?ning stages increases, the operation becomes 
not only more complicated but also more expensive as 
increased amounts of chlorine, alkali, and other chemical 
reagents are consumed. ' 

It is an object of the present invention to provide a 
process for re?ning digested pulp without using chlorine 
to make the lignin alkali soluble. 
A further object of :the instant invention is to provide a 

process for re?ning digested pulp while minimizing de 
polymerization of the cellulose molecules. 
An additional object of the instant invention is to obtain 

a pulp of high whiteness and which can be readily 
bleached by means of oxygen or air. 

Still another object of this invention is to provide a 
process that is more economical than prior art re?ning 
processes. ' 

The aforementioned objects are accomplished by im 
mersing a digested pulp substantially free from chlorine 
in an aqueous alkaline solution to form an impregnated 
wet pulp. Excess alkaline solution is :then removed by 
compressing the impregnated wet pulp to a critical pulp 
consistency. The compressed wet pulp is then disinte 
grated and reacted with air or oxygen under pressure at 
an elevated temperature. ‘ 

In the alternative, the compression step may be avoided 
'by adding a measured amount of the aqueous alkaline 
solution to the digested pulp so that the pulp consistency, 
nevertheless, is within the critical limitations. 
The pulp consistency is the ratio of the weight of the 

dry pulp to the Iweight of the wet pulp. For purposes of ' 
this invention it is expressedon a percentage basis. It 

10 

15 

.20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

3,251,730 
Patented May 17, 1966 

2 
I isv important that the pulp consistency be in the range be 
tween about 20% to 66.7%. 
In addition to the criticality of the pulp consistency it ‘ 

is essential that the concentration of the aqueous alkaline 
solution lie within speci?ed limits. Either aqueous -so 
dium hydroxide solution or aqueous sodium carbonate 
solution can be used. When sodium hydroxide is utilized, 
it must have a concentration of .l to 2.0%; When so 
dium carbonate is used, it must have a concentration of 
0.5 to 4.0%. ~ 

Tables I and II below represent results of comparative 
experiments run on unre?ned pulp and on initially chlo 
rinated pulp. ' 

TABLE‘ 1 
[Changes in pulp viscosity1 and degree of polymerization by air oxidation 

ailtlerltreatment with 1% caustic soda in the case of unre?ned North Sea 
P D > _ 

Air oxidation tempera 
- ture(° O.) I 

Prior to 
oxidation 

60 80 100 120 

Directly oxidized: 
Pulp viscosity _____________ __ 7.06 6.89 6.55 6.06 5.60 
Degree oipolymerizatiom". 1,080 1,060 1,030 975 920 

Chlorinated and oxidized: 
Pulp viscosity _____________ __ 7.54 4.09 3.94 3.73 3.32 
Degree otpolymerization____ 1,120 720 700 665 600 

l JIS pulp viscosity (refer to “Japanese Industrial Standard,” page 
8101, 5, 12A). 7 

TABLE 11 

[Changes in pulp viscosity and degree of polymerization by air oxidation 
after treatment with 1% sodium catbonate] 

Air oxidation 
temperature (° 0.) 

Prior to 
oxidation 

. 80 100 

Directly oxidized: 
Pulp viscosity __________________ __ 7. 06 6. 45 ' 5. 83 
Degree of polymerization _______ __ 1, 080 1, 015 950 

Chlorinated and oxidized: , 
- Pulp viscosity __________________ __ 7. 54 4. 67 3. 00 
Degree of polymerization _______ ._ 1, 120 805 565 

The above test data show that there is a substantial ' 
reduction in the pulp viscosity which is a measure of the 
molecular weight of .the cellulose molecules when the 
pulp is chlorinated, and that there is considerably smaller 
reduction in the pulp viscosity when unre?ned pulp in 
accordance with the present invention is subjected to air 
oxidation. This difference depends upon .the presence or 
absence of chlorine in the pulp to be treated. Upon 
the treatment of a chlorinated pulp wherein a substantial 
amount of chlorine exists as a chlorinated lignin, oxygen 
would attack the cellulose of pulp and result in a substan 
tial reduction of the pulp viscosity. Whereas, upon the 
treatment of a digested pulp substantially. free from chlo 
rine, oxygen would hardly attack the cellulose, but oxidize 
the lignin to render it alkali-soluble. 
A pulp as chlorinated and washed with 'water does not 

come within the scope of the present invention. How 
ever, the digested pulp treated by the process of this in 
vention may be unbleached or it may also be partially 
bleached. Thus it is possible to have a partially bleached 
pulp by using, for example, a conventional chlorination 
and alkali extraction treatment prior to the oxidation of 
this invention, since the alkali extraction treatment re 
moves chlorinated lignin.‘ In addition it would also be 
possible to utilize the conventional chlorination and alkali 
extraction subsequent to a partial bleach by the process 
of this invention. Such modi?cations would be obvious, 
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of course, to one skilled in the art. However, the use 
of these conventional processes with the process of this 
invention would fail to realize to the fullest degree the 
aforementioned advantages of this invention. , ' 
As a result of my experiments, it has been found that 

the removal of not only lignin, but also resins and pento 
sanes, etc., are very e?ectively performed by the air oxida 
tion according to my invention. . 

FIG. 1 to FIG. 6 of the accompanying drawing show ‘ 
graphs of ‘theexperimental results in examples of the 
process according to_ this ‘invention. FIG. 1 to FIG. 6 
illustrate the variations in physical and chemical proper 
ties of unbleached sul?te pulps of Japanese red pine and, 
beech against the concentration of the solution of caustic 
soda or sodium carbonate. 7 1 

As will be clear from Example I mentioned below, ' 
it has been found that the air-oxidation of unbleached 
pulp and the cooking of it together with an additional 
amount of water can lead to advantageous e?ects over 
the ?rst stage chlorination and the second stage alkali 
treatment. Thus it is found that the air~oxidation is 
comparable to the ?rst stage chlorine-treatment of the 
prior art. 
The omission of the ?rst stage chlorine-treatment may 

obtain a saving of 70-80 percent in the quantity of the 
chlorine used in the re?ning process. In addition, the 
consumption of alkali in the process of the present inven 
tion is also minimized. For instance, when a pulp is 
impregnated with a 1% solution of caustic soda and then 
compressed to such an extent that the pulp consistency 
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tration from 0.1 to_2.0%. Furthermore, the alpha-cel 
lulose is then rather improved. , 

In addition, it_has ‘been found that an approximately 
similar effect can be obtained when sodium carbonate is 
used in place of caustic’ soda. This will effect further 
economics as sodium carbonate is less expensive than , 
caustic soda. Thus, it has been found that when sodium 
carbonate is used in place of caustic soda, the removal 
of lignin, resins and pentosanes from the sulfate pulp can 
proceed in much the same manner. Moreover, the 
proces‘s‘using sodium carbonate has the further advan 
tage, that the oxidation of the cellulose is very moderate 
as compared to the caustic soda process. ‘ 
As will ‘be clear from FIG. 5,1 when 0.5% Na2CO3 

is used in the process of the invention, the strength of 
paper made ‘from the pulp is higher than that made 
from the raw material. . ' 

Generally, sulfate is not easily bleached. However, 
it has been found that the brightness of the sulfate pulp 
is considerably improved in accordance 
oxidation of this invention. 

It has also been found that the mult'i-stage air-oxida 
tion using'a diluted alkali can lead to very‘ good results 
in suppressing the depolymerization of the cellulose and 
obtaining a higher puri?cation effect. 
The results of the analysis of a pulp treated with the 

two-stage air-oxidation by using 0.5 % sodium carbonate 
are compared to the results of the analysis of the pulp 
when treated with the one-stage oxidation, as shown in 
Table III. - 

TAB LE III 

[Comparison of one-stage oxidation with twostage oxidation] 

Sodium 
carbonate Chlorine Pulp vis- Llgnin Pento- Pitch 
eoncen- No. cosity (percent) saues (percent) 
tration ' (percent) ' 

(percent) 

Raw material (Japanese red pine) _________________ -_ 1. 43 5. 60 0. 43 9. 08 1. 24 

a. One-stage oxidation ________________ -_ 0. 5 0. 74 5. 50 0.30 5. 73 0. 36 
1. 0 0.50 5. 40 0. 28 3. 37 0. 26 
l. 5 0. 38 5. 34 0. 20 ‘ 3. 93 O. 19 

I 2. 0 0.35 5. 08 0. 12 3. 33 0. 16 

b. Two-stage oxidation. _ _ _ _-_'_ ______ _. { g 0‘ 36 5' 31 O‘ 0 4‘ 85 .0‘ 22 

is 33.3%, the proportion of the alkali to the pulp is 
only 2/100. The proportion of alkali to, the pulp may 
be calculated from the following equation: ., 

100—P C ' 

R'‘_ P ("To 
where : 

P represents the pulp consistency expressed as a weight 
percent; ' 

C represents the concentration in percentage by weight 
of NaOH in aqueous NaOH; and 

R represents the proportion of NaOH to dry pulp. 

In practice, the amount of the alkali used in the air 
oxidation may be directly diluted with water and utilized 
in the subsequent alkali-cooking stage, so that the 
quantity of the alkali actually used is not di?erent from 
that used in the prior art re?ning processes. ,On the 
other hand, the quantity of chlorine utilized is signi?cantly 
reduced, which is one of the remarkable features of the 
present invention. 

It would have been expected that the oxidation of the 
non-cellulosic components due to the air-oxidation would 
have substantially depolymerized the cellulose. How 
ever, as will be clear from the graph of FIG. 2 showing 
the results of Example 1, the pulp product of Example 
1 can be used as the pulp for use in the production of 
ray-on without any difficulty, because the pulp viscosity 
is not too reduced and amounts to about 4.5 when the 
concentration of the caustic soda solution has a concen 
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The amount of sodium carbonate required for the two 
stage air-oxidation is only 2% of the weight of the pulp. 
When comparison is made, it is found that if the one 
stage oxidation is carried out using the same amount 
of sodium carbonate, namely, in the case of 1% sodium 
carbonate solution, the degree of chlorine absorption is 
higher than in the two-stage air-oxidation and the content 
of lign-in is zero in the latter case. From the foregoing 
it. can be said that the multi-stage air-oxidation with a 
diluted alkali is an ideal process for the puri?cation of 
pulp since it generally does not damage the ?bres and 
gives a higher yield of pulp. 
The above-mentioned air-oxidation and oxygen-oxida-~ 

tion can be very effectively incorporated in any step dur 
ing the re?ning of the pulp after digestion. However, 
it is most advisable to incorporate the oxidation step 
directly after the digestion step since the earlier removal 
of the impurities then'can save substantial amounts of 
chemical reagents needed for the subsequent re?ning 
steps. The process according to the invention ‘is effec 
tively applicable to all pulps for use in making paper 
or viscose produced by any digestion process. 

Example 1 

Unbleached sul?te pulps made from Japanese red pine 
and from beech, respectively, are employed as the raw 
material. These pulps are intended for use in making 
rayon. Twenty grams of the pulp are immersed in 
aqueous, solutions of caustic soda in various concentra 
tions, ranging from 0.5% to 10% at room temperature 

with the oxygen-' 
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for about-1 hour. The impregnated wet pulp is then 
compressed to such an extent that the pulp consistency 
is about 33.3%. 
solution being impregnated in the pulp is two times larger 
than the weight of the pulp itself. The wet pulp is then 
completely disintegrated and subsequently placed in a 
closed vessel having a capacity of 4 litres which contains 
an amount of water on its bottom. Compressed air is 
blown into the vessel to a pressure of 3.5 l<g./cm.2 and 
the air-oxidation is carried out at 80° C. for four hours. 
After the oxidation has been completed,‘the pulp is re 
moved, completely washed with water, and then dried. 
The variation in various properties of the pulps treated 

Thus, the quantity of the caustic soda . 

1o 

6, 
Example 2 

This example illustrates the air-oxidation when the' 
pulp consistency is varied.- The pulp consistency is varied 
and unbleached pulp‘ of Japanese red pine is subjected 
to the air-oxidation under the same conditions as in Ex 
ample 1. Table IV shows the results of the various ex 
periments. ' . 

The over-all re?ning effect ‘is optimum when the pulp 
consistency is 25% while the effect of removal of the 
resinous matters is su?icient even when the pulp con 
sistency is 66.7%. In practice, the pulp consistency may 
be within a range of about 20% to about 62.5%. 

TABLE IV . 

[Re?ning e?‘ect of the air-oxidation when the pulp consistency is varied] 

Pulp consistency 1 (raw 62.5% 47.6% 33.3% 25% 20% 15.6% 10% 
_ material) 

Chlorine No__ l. 42 0. 95 0. 70 0.56 0. 38 0. 48 0. 53 0.65 
Pitch content- 1. 24 0.30 0. 30 0. 27 0. 25 0. 25 O. 24 0. 18 
Pulp brightness- 61. 0 64. 0 70. 5 72. 5 73. 5 74. 5 72. 0 72. 0 
Pulp viscosity“-.- 5. 6 ______ __ 5. 5 5. 2 5. 3 ______ __ 5. 4 5. 4 

with the above experiment against the concentration of Example 3 
the NaOH solution is shown in the graph of FIG..1. 
Curves 11 and 12 show the variations in the chlorine num 
ber of the Japanese red pine pulp and of the beech pulp, 
respectively. In the case of the Japanese red pine pulp, 
unbleached pulp shows a chlorine number of 1.43%, 
which falls down to about ‘0.4% by the air-oxidation. In 
the case of the beech pulp, unbleached pulp shows 'a 
chlorine number of 2.64%, which falls down to 0.6—0.7% 
by the air-oxidation. Thus, the initial value of the chlo 
rine number is reduced to about 25 % by the air—oxida 
tion. As to the analysis of lignin, the Japanese red pine 
pulp contains 0.43% lignin when it is in the unbleached 
condition. However, the oxidized pulp does not contain 
any lignin. The beech pulp contains 2.55% lignin in 
the, unbleached condition, which is reduced to 0.35% 
upon the treatment with 2% caustic soda. 

Curves 13 and 14 show the variations in the brightness 
of the Japanese red pine pulp and of the‘beech pulp, re 
spectively. It is readily seen from these curves that the 
air-oxidation is eliective in improving the brightness of 
the pulp. The brightness of Japanese red pine pulp in 
creases from 61 in the unbleached condition to a maxi 
mum of 78 after treatment with caustic soda. The bright 
ness of beech-pulp increases from 45 in the unbleached 
condition to a maximum of 74 after treatment with caus 
tic soda. 

Curves 23 and 24 show a decrease in the pitch of Jap 
anese red pine pulp and of the beech pulp, respectively, 
due to the air-oxidation. The pitch of the Japanese red 
pine pulp is reducedto about 0.2% (minimum value: 
0.12%) and that of the beech pulp is reduced to about 
0.4%. It is thus seen that the air-oxidation according to 
the present invention is very effective for the removal of 
resinous matters. _ 

Curves 21 and 22 show the variations in the HS pulp 
viscosity of the Japanese red pine pulp and of the beech 
pulp, respectively. When the concentration of caustic 
soda is less than 21%, the de-polymerization of the cellu 
lose is negligibly slight. In this time, however, the content 
of u-cellulose is not decreased. Unbleached Japanese red 
pine pulp contains 87.0% of a-cellulose but this content is 
increased to 89.1% after the treatment with 0.5% caustic 
soda and to 89.5% after the treatment with 1% caustic 
soda, respectively. The content of the pentosanes is de 
creased by the air-oxidation. In any case, it has been 
observed that in accordance with the air-oxidation the 
grade of the unbleached pulp is considerably improved 
and the caustic soda used may be at a relatively lower 
concentration (on the order of 2% or less) and a small 
ratio of the amount of alkali to the amount of pulp may 

7 be effectively employed. 
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This example illustrates the air-oxidation of unbleached 
sul?te pulp which has been previously treated with an 
aqueous solution of sodium carbonate. , 
The raw material used is made of unbleached sul?te 

pulp of Japanese red pine which is intended for use in the 
production of rayon. The pulp is immersed in aqueous 
solutions of sodium carbonate in various concentrations 
at room temperature for 24 hours and then the impreg 
nated wet pulp is compressed to a weight three times 
larger than the original weight‘ of the. pulp.’ Thus the 
pulp consistency is about 33%. The pulp is thereafter 
subjected to the air-oxidation under the same conditions 
as in Example 1. FIG. 3 shows the experimental results. 
Curve 31 represents the variation in the chlorine num 
ber; curve 32 represents the variation in the content of 
lignin; curve 33 represents the variation in the content of 
pitch and curve 34 represents the variation inthe content 
of pentosanes. 
dium carbonate process is remarkable and comparable to 
that of the caustic soda process. ' ' 

However, the sodium carbonate process is di?Ferent 
from the caustic soda process in that the de-polymeriza 
tion of the cellulose due to the oxidation in the pulp vis 
cosity of the pulp so treated, against the concentration of 
sodium carbonate during this treatment. (As previously 
mentioned, the pulp viscosity is a measure of the degree 
of‘de-polymerization.) For comparison, curve 42 repre 

' sents the variation in the pulp viscosity when caustic soda 

55 

is used. Further, the re?ning of the pulp comprising the 
two-stage oxidation according to this treatment is more 
eifective. The re?ned pulp which has been oxidized in 
the two stages using 0.5% Na'2CO3 shows a chlorine num 

> ber of 0.36 and a pulp viscosity of 5.31, which is not sub 
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stantially‘di?’erent from 5.60. the pulp viscosity of'the 
raw material. 

7 Example 4 

Pulp treated by the air-oxidation with sodium carbon 
ate according to the invention is treated in a beater so 
as to obtain a freeness of about 400 and then made into 
paper. Brightness and strength of the resulting paper were 
then determined. ' 

FIG. 5 is a graph showing the variations in the bright 
ness and strength of the paper ‘against the concentration 
of the Na2CO3 solution. Curve 51 represents the bright 
ness of paper. A remarkable increase in the brightness 
is seen therefrom. Curve 52 represents the variation in 
the breaking length and curve 53 represents the variation 
in the burst factor of the paper., It is noted that the 
strength of the paper is not adversely affected when the 
concentration of sodium carbonate is up to 1.5%, but 

The re?ning effect according to the so- ' 



7 
rather the strength of the paper'is improved when the con 
centration of sodium carbonate is 0.5%. 

Example , 5 

This example illustrates the air-oxidation of a sulfate 
North Seapulp which has been impregnated with the 
digesting liquor. > 
Pump which ‘has been digested by the sulfate process is 

either compressed as such, or again immersed in a fresh 
amount of the sulfate digestion liquor and substantially 
compressed, and the pulp is then subjected to air-oxida 
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, 8 . 

subjecting it to the, alkali-treatment by cooking it with 
alkali at 90-95° C. for four hours in a pulp concentra 
tion of 10%, the ratio of the alkali to the pulp being 6%. 
Another sample of the’ pulp was treated'with 0.5% 

caustic soda, oxidized with air and then treated with‘ 
chlorine. > 

These samples are subsequently re?ned by using 6% 
of the alkali based on the pulp,.and the resulting semi 
bleached pulps are further bleached. These bleached 
pulps are then analyzed and the results obtained are tabu 
lated in Table V. 

TABLE V 

[Puri?cation conditions air-oxidation of sul?te pulp of Japanese red pine for rayon application] 

Air-oxidation with 
Air-oxidation with 1% Two-stage oxidation 0.5% caustic soda fol 

caustic soda with 0.5% caustic soda lowed by chlorine 
. . treatment 

Treatment Main conditions 

Semi- Semi- Semi- I 
bleaching Bleaching bleaching Bleaching bleaching Bleaching 

(1) 1st stage air-oxidation. Concentration of immer- 1.0 0.5 0.5 
sion caustic soda (per 
cent). _ 

(2) Hot washing _______ __ Amount of alkali based 2.0 1.0 1.0 
on pulp (percent) (no 
alkali added). 

(3) 2nd stage air~oxida Concentration of immer- 0.5 _______________________ __ 
tion. sion caustic soda 

(percent). 
(4) Hot washing _______ __ Amount of alkali based 1.0 _______________________ __ 

on pulp (percent) (no 
' added) . 

(5) Chlorinetreatment.-- Amount of chlorine 1 0,35 
' (based on pulp). 

(6) Alkali-treatment--.” Amount of alkali added 6.0 6.0 6.0 
(percent) (based on 
P D - 

(7) Hypochlorite-treat- Available amount of ' Not done. Done Not done Done Not done Done 
ment. . chlorine is 1%. 

(8) Acid-treatment .... __ SO; water 25 PH 4 ______ __ Not done Done Not done Done Not done Done 

Analytic data— . 
a-celiulose (percent)- _ 93. 4 92. 4 93. 6 92. 7 93. 2 93. 1 
?-cellulose (percent) _ _ 2. 63 2. 85 3. 06 3. 14 , 2. 82 3. 38 

HS pulp Vi Pn ity- __ 5. 9 4. 8 5. 7 4. 5 6. 3 5. 1 
Brightness 72. 3 88. 0 73.8 i 90.0 73. 4 90. 5 
Chlorine N0- 0. 25 0. 08 0.23 0. 06 0.17 0.0 
Pitch content (percent) _____________________________ .- 0.12 0. 11 0. 09 0. 09 0. 10 0. 1 
Lignin content (percent) 0. 0 0. 16 0. 0 __________ __ O. 0 
Pentosans content (percent)- 5. 2 __________ __ 4. 4 3. 9 - 

1 Corresponding to 100% of chlorine absorption degree at 0° C. 

tion. The brightness of the resulting pulp was considerae 
bly improved. ~ ' _ 

For instance, unbleached pulp obtained from the sul 
fate process is immersed in the sulfate digestion liquor, 
subsequently compressed to a consistency of about 33% 
and then subjected to the air-oxidation under the same 
conditions as in Example 1, at temperatures of 60° C., 
70° C., and 80° C., respectively. - 
The brightness of the raw material pulp was only 24 

but it was increased to 37 when treated at 60°C.; to 
48 when treated at 70° C.; and to 49 when treated at 
80° C. The lignin content of the raw material pulp 
was 8.55% but this content of the pulp when treated 
at 80° C. is reduced only 1.92%, and it-is thus noted 
that 78% of the lignin content of the raw pulp had been 
removed. ' ‘ 

Example 6 

This example illustrates the production of a pulp for 
use in the manufacture of rayon from the air-oxidized 
pulp. _ 

Unbleached sul?te pulp‘. of Japanese red pine is used 
as the raw material. A sample of-the pulp is taken and 
subjected to the re?ning process, the ?rst step of which 
comprises treating the pulp with 1% caustic soda and air 
oxidizing it, the second step of which comprises adding 
an amount of water to result in a 10% pulp concentra 
tion, and subjecting the mixture to cooking at 80-85 F‘ C. 
for two hours, and the third step of which comprises 
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' The results shown in Table ‘V clearly prove that the 
process of the invention is suitable for re?ning a. pulp 
which is intended for use in making arti?cial ?bres and 
that the conventional chlorine-treatment may be com 
pletely replaced by the air-oxidation according to our 
invention. . 

Furthermore, in accordance with the invention it is 
also ‘possible to yield a pulp for rayon application by 
allowing the cellulose to be oxidized slightly by the 'air 
oxidation. Since the bleaching'step may be omitted there 
by, the cost of the puri?cation is further reduced. 

I Example 7 

This example illustrates the oxidation with oxygen of 
unbleached sulfate pulp which has been previously treated 
with an aqueous solution of caustic soda. 

FIG. 6 is a graph which shows the eifects of re?ning 
on sulfate pulps of beech and white ?r which have been 
treated by immersing in solutions of caustic soda in vari 
ous concentrations for 24 hours, compressing the impreg 
nated pulps to a pulp consistency of about 33% and oxi 
dizing it with oxygen under a pressure ‘of 10 kg./cm.2 
at 80° C. for four hours. Curves 63 and 64 represent 
the improvement in the whiteness of the pulp of white 
?r and of the pulp of beech, respectively. . Curves 61 
and 62 represent the variations in the chlorine number 
of the same samples, respectively. ' 

It is noted that pressures above 10 kg./cm.2 do not sig 
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ni?cantly improve the properties and that generally a 
pressure of 10 kgJcm.2 will su?ice. 

TABLE VII 

[E?ect of oxygen pressure on pur?cation of sulfate pulp of white ?r by 
oxygen-oxidation] 

Oxygen pressure Not 0. 84 10 30 60 
' (kg-N111?) Oxidized _ 

Chlorine number ______ __ 5. 85 4. 05 3. 35 3. 24 3. 08 
Brightness ____________ __ c 26. 2 31. 3 36. 3 37. 5 39. 0 

What is claimed is: 
1. A process for re?ning a digested pulp substantially 

free from chlorine which comprises immersing said pulp 
in an aqueous medium selected from the group consisting 
of sodium hydroxide and sodium carbonate; said sodium 

' hydroxide consisting essentially of a 0.1 to 2.0% solu 
tion and said sodium carbonate consisting essentially of 
a 0.5 to 4.0% solution; compressing the pulp to remove 
any excess aqueous medium so as to provide a wet mass 
of pulp having a pulp consistency of about 20% to about 
66.7% ; loosening the wet mass to provide a porous pulp 
mass; and treating ‘the porous pulp‘ mass with an oxygen 
containing gas at a temperature of from 60° C. ‘to 100° C. 

10 
2. The process according to claim 1 wherein an we 

cess of the aqueous medium is used. 
3. The process according to claim 1 wherein said pulp 

immersed in said aqueous medium has previously been 
subjected to a sul?te digestion. 

4. The process according to claim 1 wherein said pulp 
immersed in said aqueous medium has previously been 

. subjected to a sulfate digestion. 
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5. The process according to claim 1 where preliminary ’ 
to compressing the pulp, it is allowed vto stand in said 
aqueous .medium at ambient temperatures for a time 
period in the range of from about one to about 24 hours. 

6. The process according ‘to claim 1 wherein said aque 
ous medium is sodium hydroxide. _ 

7. The process according to claim 1 wherein said aque~ 
ous medium is sodium carbonate. 
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