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1. 
This invention relates to new and useful in 

provements in bleaching processes generally, and 
particularly seeks to provide a novel process for 
the bleaching of chemical Woodpulp to a very 
high brightness and whiteness through the use 5 washing. 
of chlorine dioxide and a hypochlorite. Another object of this invention is to provide 
Many efforts have been made in the past to a process of the character described Which is 

develop processes for the bleaching of woodpulp adaptable for use in bleach plants employing 
which would result in a pulp of high brightneSS equipment which is not resistant to normally acid 
and whiteness. Thus bleaching Systems having 10 chlorine dioxide, by suitable adjustment of the 
a single stage, two stages or multiple stages have pH through addition of alkali, Without appre-. 
been tried, and these several general types of ciable variation in the ultimate brightness, White 
bleaching systems have used many different ness, color stability, or fibre strength of the 
bleaching chemicals or combinations of them. pulp. 
Probably the most satisfactory of the prior known 15 Another object of this invention is to provide 
bleaching systems may be described as a multi- a process of the character stated in which the 
stage system in which the pulp is exposed to the bleaching stages can be operated on a predeter 
action of chlorine or a hypochlorite in one or mined and set routine in so far as retention times, 
more stages, followed by a caustic extraction temperatures and proportions of bleaching agents 
stage in which the soda solubles are removed, 20 are concerned without regard to variations in vis 
finally followed by one or more bleaching Stages cosity and bleachability of the unbleached pulp 
using a hypochlorite as the bleaching chemical. and still produce pulp of the highest whiteness 
Even under such a modern system the brightness and brightness within the limits of a relatively 
of a fully bleached sulphite pulp seldom exceeds narrow Wiscosity range. 
90% as measured on the G. E. brightness meter 25 . In the preparation of chemical Woodpulps to 
without undue degradation of the pulp, and the be used for regenerated cellulose or cellulose de 
brightness of a kraft (Sulphate) pulp is usually rivatives or as fillers for certain types of plastics 
considerably less. such as the urea- or melamine-formaldehydes, 

It is well known that chlorine dioxide under close attention must be paid to the final vis 
suitable conditions will bleach pulp without ap- 30 cosity of the pulp as it is an indication of how 
preciable degradation of the cellulose. It is also much the pulp has become degraded. Generally 
known that a solution containing a hypochlorite speaking, it is desirable to produce a high white 
of an alkali or an alkaline earth metal Will bleach pulp having a relatively high viscosity since a 
the same pulp to higher brightness and white- relatively high Wiscosity indicates that there 
ness than is obtainable with chlorine dioxide 35 has been a minimum of degradation of the pulp. 
alone, but at the same time hypochlorite will de- It is also important that the pulp retain its 
grade the cellulose, lowering its viscosity, decreas- ... high whiteness and not become yellow with age 
ing its alpha-cellulose content, and lowering the or exposure to high temperatures. These object 
strength of paper made from Such pulp. tives can be readily met with the proper practice 

I have found that when chemical pulps Such 40 of the present invention. 
aS sulphite or kraft pulps are bleached first With Other workers in the art of pulp bleaching have 
chlorine dioxide and then with a small amount of tried various combinations of bleaching chemi 
a hypochlorite, the brightness, whiteness and calls such as chlorine dioxide alone, a hypochlo 
color stability higher can be. S. rite alone, or a hypochlorite followed by chlorine 
With either bleaching agent alone or With hypo- 45 dioxide or even a mixture of chlorine dioxide and 
chlorite followed by chlorine dioxide, and the deg- s a hypochlorite. Certain of these earlier efforts radation of the pulp is much less than that ob- h t with iderabl but tained when a hypochlorite is used to develop ave met With considerable Success, but none of 
the maximum brightness it Will produce. It is then were able to produce the novel results which 
therefore an object of this invention to provide 50 can be consistently produced through the proc 
a novel process for the bleaching of chemical ess described herein. I have for the first time 
woodpulps in which the fully bleached pulps are created a compound bleaching stage in which 
of extremely high brightness and Whiteness (i. e. chlorine dioxide is first used to treat the pulp 
low color). and then a hypochlorite is used, preferably with 
Another object of this invention is to provide 55 out Washing the chlorine dioxide treated pulp. 

a novel process in which Wood pulp is bleached 
by chlorine dioxide followed by a hypochlorite. 

(CI. 8-105) 
2 

Another object of this invention is to provide 
a process of the character described in which 
wood pulp is bleached by chlorine dioxide, foll 
lowed by a hypochlorite. Without an interStage 

Surprisingly, I have found that the pulp so 
bleached is of a much higher brightness and 
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whiteness than has heretofore been obtained by 
any other System of bleaching. 
Another unusual feature of my proceSS is the 

practicability of elimination of Washing between 
the chlorine dioxide and hypochlorite phases of 
the bleaching, contrary to the usual practice in 
multi-stage bleaching, With no deleterious effects 
on the properties of the final pulp. This feature 
has many important advantages. 
saving in capital equipment required for bleach 
ing, such as washers, storage chests, thickening 
equipment, and conveyors. Operating costs. With 
respect to heat, water, electricity and labor are 
lower, and the usual loss of Small fibres in the 
washing stage is eliminated. I have found that 
not only does the elimination of this Washing 
edge have no harmful effects, but on the contrary 
the reaction products formed when chlorine diox 
ide acts on pulp have a highly desired in 
hibiting effect on the degradation of the pulp 
normally caused by hypochlorite, without de 
tracting from its bleaching activity. This fea 
ture of my process makes it possible to bleach 
some types of pulp, for example, those used with 
urea-formaldehyde or melanine-formaldehyde 
resins for very light colored plastics, With a fixed 
cycle of times, temperature and proportions of 
bleaching agents without regard to variations 
in viscosity and bleachability of the unbleached 
pulp, and still produce pulp of the highest bright 
ness, whiteness and color stability, within the 
limits of a relatively narrow Viscosity range. 

I have also found the chlorine dioxide phase 
of my process can be practiced under either acid 
or alkaline conditions With Similar beneficial 
results. Under acid conditions the bleaching re 
action is siower, but less chlorine dioxide is re 
quired due to the elimination of its reaction 
with alkali, and also to the activation of any 
chlorite produced. As long as the pH is low (say 
pH3-5) the temperature can be raised to about 
80° to 90° C. without appreciable degradation of 
the pulp, thereby shortening the time required. 
As the pH is raised, the rate of bleaching in 
creases, but the loss of chlorine dioxide by reac 
tion with alkali also increases. One advantage 
of operating at pH 8 to 9 is that bleaching ten 
perature can be lowered, and the time of bleach 
ing can be shortened, as will be more fully ex 
plained hereinbelow. Another advantage is that 
the corrosive action of the chlorine dioxide is 
greatly decreased so that less resistant materials 
can be used for the construction of bleaching 
equipment. This would enable my process to be 
employed in any multi-stage bleach plant which 
has equipment normally resistant to hypochlorite 
Solutions. 
Although the reactions taking place during 

chlorine dioxide bleaching are not fully under 
stood, and my invention is not predicated upon 
any particular hypothesis, a possible interpreta 
tion of the phenomena involved in my compound 
bleaching process is offered. 
When chlorine dioxide is mixed with pulp, it 

reacts with some of the colored contaminants, 
thereby bleaching them and at the same time be 
ing reduced to chlorite, without appreciably de 
grading cellulose. At low pH the chlorite is also 
an active bleaching agent, and therefore some 
what less chlorine dioxide is required to accom 
plish the same degree of bleaching, although the 
rate of reaction is slow and the temperature must 
be raised to speed up the bleaching. As the pH 
is increased by adding alkali, the bleaching ac 
tivity of the chlorite ions is diminished, but the 
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4. 
rate of reaction between the chlorine dioxide and 
contaminants is increased, and lower tempera 
tures may be used. The amount of chlorine di 
Oxide required increases, and the residual chlo 
rite at the end of the bleaching increases. Also 
as the pH rises an increasing part of the chlorine 
dioxide reacts with alkali, equal portions being 
simultaneously oxidized to chlorate and reduce 
to chlorite, respectively, according to the follow 
ing equation: 

2ClO3--2NaOH->NaClO3--NaClO2--H2O 
As mentioned before there is a limit above 

Which chlorine dioxide will not increase the 
brightness of a given Sample of pulp, no matter 
how long the treatment is continued. Similarly, 
there is such a limit for hypochlorite, but in at 
tempting to reach this limit with hypochlorite 
the cellulose is severely degraded. If, however, 
the pulp which has been bleached with chlorine 
dioxide is then bleached with a little hypo 
chlorite, a higher level of brightness can be 
reached with relatively little degradation of the 
pulp. The Same level of brightness is not ob 
tained if chlorine dioxide is used after hypochlo 
rite bleaching. 
A poSSible explanation of this may be that 

chlorine dioxide bleaches some of the colored 
matter in the pulp, but has not sufficient oxidiz 
ing power to bleach certain colored substances 
present, but it does activate these substances so 
that they are readily bleached by the subsequent 
hypochlorite treatment. 
While the hypochlorite does simultaneously 

degrade the cellulose to some extent, the small 
amount required to accomplish the additional 
bleaching action does not bring about severe 
degradation. Furthermore, when the hypochlo 
rite is added without washing after the chlorine 
dioxide treatment, it reacts with the chlorite 
present to activate it in some manner, possibly 
by formation of chlorine dioxide in a "nascent' 
or reactive state, such that a further bleaching 
action ensues. At the same time the hypochlorite 
loses. Some of its cellulose-degrading power, 
thereby minimizing the drop in viscosity usually 
encountered when bleaching to high whiteness 
with hypochlorite. 

For a more detailed knowledge of the manner 
in which my new process may be carried out ref 
erence is made to the several specific examples set 
forth hereinbelow. It should be clearly under 
stood that these examples are given for illustra 
tive purposes only and the values given therein 
should not be constitued as limitations on the ways 
in which this invention may be carried out. 

In the following examples of various methods 
of applying my bleaching process all oxidizing 
agents are expressed in terms of the equivalent 
amount of available chlorine as a percentage by 
weight on the bone-dry pulp. Other chemicals 
are expressed as percentage of the chemical by 
weight on the bone-dry pulp. 

Wiscosity is expressed in centipoises of a 1% 
cuprannonium Solution of the pulp according to 
the TAPPIstandard method T206 m. 

Brightness was determined by measuring the 
reflectance at 458 millimicrons wavelength on 
General Electric recording spectrophotometer, 
catalog number 5962004G19, serial number 
727120, using a magnesium carbonate standard. 

Eacample 1 

Chlorinated and caustic extracted sulphite pulp 
was treated with 0.7% chlorine dioxide, at 12% 
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consistency, at 80°. C., for 30 minutes. After . 
washing, the pulp was treated with 0.44% soda 
bleach and 0.25% sodium hydroxide, at 6% con 
sistency, at 60° C. for 6 hours. Pulp brightness 
was 97.4% and viscosity 22.7 centipoises. 

Eacample 2 
Chlorinated and caustic extracted sulphite pulp 

was treated with 0.7% chlorine dioxide, at 6% 
consistency, at 60° C., for 5 hours. Without wash 
ing, 0.33% sodium hydroxide and 0.44% sodium 
hypochlorite were mixed in, and heating was con 
tinued at 60° C., for 4 hours. Pulp brightness was 
97.8% and viscosity 21.0 centipoises. 

Eacample 3 
Sulphite pulp which had been previously 

treated with chlorine in aqueous solution and ex 
tracted with hot aqueous alkali, was treated with 
1.4% chlorine dioxide, at 6% consistency, at 45 C. 
Sodium hydroxide was added periodically to 
maintain the pH between 9 and 7. After 4 hours, 
0.35% sodium hypochlorite and 0.15% sodium. 
hydroxide were mixed in and heating Was Con 
tinued at 45° C., for 4 hours. The pulp brightness 
was 98.5% and viscosity was 28.5 centipoises. 

Eacample 4 
Chlorinated and caustic extracted Sulphite pulp 

was treated with 1.4% chlorine dioxide, at 6% 
consistency, at 45° C., with 0.835% sodium car 
bonate added to maintain the pH in the range 9.4 
to 7.9. After 4 hours, 0.35% sodium hypochlorite 
and 0.15% sodium hydroxide were mixed in, and 
the temperature was raised to 55 C. for 3 hours. 
The pulp brightness was 98.4 and Viscosity 24.3 
centipoises. 

Eacample 5 

Unbleached kraft paper pulp was chlorinated 
with 5.1% chlorine, at 3% consistency, at 20 C., 
for 1 hour, and washed. Then it was extracted 
with 2% sodium hydroxide at 15% consistency, 
at 60° C., for 1.5 hours, and washed. Next it was 
treated with 0.7% calcium hypochlorite, and 0.3% 
calcium hydroxide, at 6% consistency, at 45 C. 
for 3 hours. Finally it was treated with 2.1% 
chlorine dioxide, at 6% consistency at 45 C. 
After 2 hours the pH was raised to between 8 
and 9 for 2 hours more. Without washing, 0.35% 
sodium hypochlorite and 0.15% sodium hydroxide 
were mixed in, and heating was continued at 45 
C., for 3 hours. Pulp brightness was 90.0% and 
viscosity 30.3 centipoises. 

Eacample 6 
Unbleached kraft dissolving pulp was chlo 

rinated, extracted with dilute caustic Soda, Solu 
tion, and treated with 2.1% chlorine dioxide, at 
6% consistency, at 45° C.. The pH was raised to 
9.0 by adding sodium bydroxide Solution after Az, 
2 and 4 hours. After 4 hours, without washing, 
0.7% sodium hypochlorite and 0.3% sodium hy 
droxide, were mixed in, and the temperature was 
raised to 60° C., for 3 hours. Pulp brightness was 
94.6% and viscosity 7.8 centipoises. 
The foregoing examples illustrate many of the 

possible ways in which my process may be prac 
ticed with perfectly satisfactory commercial re 
Sults. 
Example 1 is illustrative of the relatively high 

density bleaching of sulphite pulp which had been 
cooked and pre-bleached (chlorination and caus 
tic extraction) to produce a relatively high 
viscosity pulp. In this example the reaction of 
chlorine dioxide on the pulp was carried out under 
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6 
acid conditions and the pulp was washed before 
treating with hypochlorite. 

It will be noted that Example 2 is generally 
similar to Example 1 but the pulp Was bleached at 
a lower consistency and the example shows a 
Somewhat lower temperature in the chlorine di 
Oxide phase of the compound final bleaching 
stage. Furthermore, the hypochlorite treatment 
followed the chlorine dioxide treatment without 
interstage Washing. 
Example 3 is illustrative of the treatment of a 

moderate consistency, high viscosity Sulphite pulp 
under alkaline conditions which are necessary . 
where less resistant bleaching equipment is used. 
It will be noted that in this example sodium hy 
droxide is used to maintain the pH between 9 
and 7. 
Example 4 is similar to Example 3 but shows 

the use of Sodium carbonate to maintain the 
pH in the desired range. 
Example 5 is illustrative of how this process 

can be applied to kraft paper pulp to produce 
extremely high brightness for that type of pulp 
without Substantial degradation. 
Example 6 clearly illustrates how my process 

can be applied to a kraft pulp that has been 
expressly cooked and pre-bleached (chlorination 
and caustic extraction) to produce a low viscosity 
dissolving pulp to which my process can be ap 
plied in the final compound bleaching stage to 
produce a dissolving pulp of extremely high 
brightness. 
In all the foregoing examples it should be 

remembered that the final viscosity of the fully 
bleached pulp is primarily dependent on the 
nature of the cooking and the pre-bleaching steps 
up to and including the caustic extraction stage. 
My process is particularly applicable in the cases 
where it is desired to minimize viscosity reduction 
in the final bleaching operations by comparison 
with the reductions normally effected by prior 
known processes and yet produce a pulp of 
Superior brightness. 
Another advantage which is derived through 

the use of my process comes from the production 
of a finally bleached pulp which is resistant to 
degradation which may be caused by the ap 
plication of heat. Many of the pulps heretofore 
produced while having a relatively high bright 
neSS and acceptable viscosity have not been heat 
stable in nature. 
To illustrate the effect of my bleaching process 

On the heat stability of the pulp the results of 
another Series of experiments on partly bleached 
Sulphite pulp are presented hereinbelow. In 
these experiments an attempt was made to reach 
the highest possible brightness with sodium 
hypochlorite alone, and with chlorine dioxide 
alone, and then With chlorine dioxide followed 
Without Washing by hypochlorite. After measur 
ing brightness in the usual manner the samples 
were pressed between hot plates at 149 C., at 
200 lbs. per sq. in., for 2 minutes, and the bright 
neSS Was measured again. As the amount of 
sodium hypochlorite used alone increased, the 
brightness after heating decreased, showing de 
creased resistance to degradation. With chlorine 
dioxide alone the level of brightness after heating 
was higher, and increased as the amount of 
chlorine dioxide increased, showing increased 
stability. When the chlorine dioxide was foll 
lowed without Washing by a small amount of 
Sodium hypochlorite, the level of brightness after 
heating Was still higher, showing still higher 

75 stability. 
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S. OCI Percent, 
SE Fercent Hypg | Percent Brigh- Viscosity fypo Chlorine chlorite Bright. ness Centi 
chiorite Dioxide after less After poises 

Chlorine Heating 
Dioxide 

05. 0. 97.0, 84. 6, 2 
1.4) 0. 0. 97.4 82.3 1.9 
1.75 O 0. 97.6 82.2 1.3 
2.0 0 () 97.8 803. 3.3. 
2.45 0. 0 97, 6 77.8 0.3 
0. 0.70 O 94.4 86.3 35. 
0. 1.05 0. 95.3 87.5 32.8 
0. 1. 40 0. 96.3 87.1 31.6 
O 1.75 O 96.5 87.9 31.4 
0. 2.0 { 96.5 88.1 31. 
0. 05 0.35 97.4 89.6 23.0 
0. 1.40 0.35 97.8 89.6 21.2 
0. 1.75 0.35 97.6: 88.7 21.6 
0. 40 0.09 97. 88.2 31.2 
0. .40 0.8 97.4 88.7 28.0 
O . 40 0.35 98.1 89.6 24.5. 
0 40 0.53 98.7 S8.5 21.8 
0 1.40 0.70 98.5 88. 19, 3 

It will be apparent from a perusal of the above 
table that pulps bleached in accordance with my 
proceSS are not only of higher initial brightness 
than those produced by other processes, but the 
brightness after heating is substantially higher 
than that of the other pulps. This clearly in 
dicates that pulps produced in accordance with 
my proceSS are heat Stable and that Subsequent 
processing steps in converting operations involv 
ing heat Will not result in any abnormal decrease 
in brightness of the finished product. 
Such a high degree of heat stability is particu 

larly desirable, since in order to put the pulp in 
Suitable physical form for shipment and for iur. 
ther processing it must be made into sheet forn 
and dried, usually over a Series of Steam-heated 
dryers. Furthermore, in Some applications as 
When used as a a component of plastics, pulp is 
Subjected to high temperatures during inoiding. 
Pulp bleached in accordance with my process un 
dergoes materially less degradation in Such proc 
esses than other pulps which have been been 
heretofore known, resulting in products of better 
Color and appearance. 
A further analysis of the above table will in 

dicate that where the final bleaching of the pulp 
was effected by sodium hypochlorite alone the 
brightness was at high values, but the viscosity 
of the pulp had dropped to very low levels by 
comparison with the viscosities obtained through 
the practice of my process. Where chlorine di 
oxide alone was used for the final bleaching the 
viscosities of the samples stayed at quite high 
levels but the final brightness was not Sufficiently 
high. However, when the chlorine dioxide WaS 
followed by a small amount of sodium hypochlo 
rite in the final bleaching operations the bright 
ness of the pulp samples was higher than the 
brightness obtained with sodium hypochlorite 
alone but the decrease in viscosity was not nearly 
as great as that when sodium hypochlorite aioiae 
was used. Thus my process is particularly adapt 
able to the production of high brightness pulp 
with relatively close control over the viscesity of 
the fully bleached pulp, and as mentioned above, 
the brighness of the pulp Sairipies aftei' heating 
when bleached by lay process is considerably 
higher than the brightness of samples bleached by 
either sodium hypochlorite alone or by chlorine 
dioxide alone. 
To my knowledge, pulps having the high levels 

of brightness, viscosity and heat Stability which 
are regularly obtainable by the practice of tiny 
invention have not been made heretofore, and 
this general type of pulp constitutes a new prod 
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8. 
uct. A pulp with a brightness of at least 97.5, 
whose brightness afterheating between hot plates, 
at 149° C. at 200 lbs. per sq. in, pressure for 2 
minutes is at least 87.5, and with a TAPPI vis 
COsity of at least 15 Would be such a product. 
This new product can be used in ways in which 

it was not possible to use pulp successfully here 
tofore, for example in the manufacture of pulp 
filled plastics with very light color. 

I claim: 
1. A proceSS for completing the bleaching of 

partially bleached chemical wood pulp compris 
ing the Steps of adding chlorine dioxide to an 
aqueous suspension of said pulp, maintaining the 
pH at a numerical value greater than 7, and 
after substantially exhausing the chlorine di 
Oxide as an active bleachant in the resulting SuS 
pension adding to said pulp.a. quantity of an alka 
line hypochlorite and an alkaline hydroxide 
Whereby to produce without Substantial degrada 
tion a bleached pulp having a brightness of at 
least 90 and suitable for conversion into cellulose 
derivatives. 

2. A process for completing the bleaching of 
partially bleached chemical wood pulp compris 
ing the Steps of adding chlorine dioxide to an 
aqueous suspension of said pulp, maintaining the 
pH within the range of 7 to 10, and after sub 
stantially exhausting the chlorine dioxide as: an 
active bleachant in the resulting suspension add 
ing to said pulp a quantity of an alkaline hypo 
chlorite and an alkaline hydroxide whereby to 
produce without substantial degradation a 
bleached pulp having a brightness of at least 90 
and Suitable for conversion into cellulose deriva 
tives. 

3. A process for completing the bleachirag of 
partially bleached chemical Wood pulp compris 
ing the steps of adding chlorine dioxide to an 
aqueous suspension of said pulp, permitting Said 
chlorine dioxide to act on said pulp for a Substan 
tial length of time, maintaining the pH within 
the range of 7 to 10 during such action, and after 
Substantially exhausting the chlorine dioxide aS 
an active bleachant in the resulting suspension 
adding to said pulp a quantity of an alkaline hy 
pochlorite and an alkaline hydroxide Whereby to 
produce without substanital degradation a 
bleached pulp having a brightness in the range. 
of 90 to 98.7 and suitable for conversion into cel 
lulose derivatives. 
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