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This invention relates to the use of ozone or 
ozone-bearing gases for bleaching cellulosic ma 
terials. The invention relates to improved meth 
ods whereby such bleaching operations may be 
carried out efficiently and in reasonably short 
periods of time, 

Prior. methods for bleaching cellulosic mate 
rials, for example, paper-making pulps and "dis 
solving' types of pulp for making celludose deriv 
atives employ corrosive and toxic bleaching 
agentS, Such as elemental chlorine and calcium 
hypochlorite bleaching liquor. These materials 
shorten the life of equipment and thus cause fre 
quent replacement. They also constitute a hazard 
to operators necessitating special training and 
precautions. These disadvantages are overcone 
by the present invention by the use of ozonized 
air for bleaching cellulosic materials which per 
nits replacement of previously used materials by 
the relatively less toxic and corrosive ozonized 
air. In addition, no storage facilities are required 
for the raw materials which were previously nec 
eSSary for use with chlorine, since the ozone can 
be manufactured in situ by use of air or oxygen 
and electricity. 
Another disadvantage of prior bleaching prac 

tices is the considerable effluent from the bleach 
ing process which contributes to the pollution of 
lakes and rivers. The effluent from an ozone 
bleaching plant constitutes a relatively minor 
disposal problem. 
A further disadvantage of the use of present 

bleaching methods is the tendency of the bleached 
pulp to revert to a dark color or to become less 
white. On aging. We have discovered that our 
Ozone bleaching processes produce a more per 
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manent white than bleaching methods currently 
practiced. 
Further advantages and details of our inven 

tion will be apparent from the following specifi 
cation and drawings, wherein 

Figure 1 is a chart showing the effect of con 
consistency of pulp on brightness in a single stage 
of ozonation, 

Figure 2 is a chart showing the effect of Con 
sistency of pulp on ozone absorption, 

Figure 3 is a chart showing the effect of pH 
of the pulp on brightness produced by ozone 
treatment, and 

. Figure 4 is a chart showing the effect of pH of 
the pulp on Ozone consumption during bleaching. 

It has been proposed previously to use ozone 
broadly for bleaching purposes. However, here 
tofore no one has discovered the critical factors 
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have found that the moisture content of the pulp 
to be bleached is a very critical factor. The criti 
cal nature of the moisture content is illustrated 
in Figure 1, based on our experimental work show 
ing that rapid absorption of ozone takes place 
only in the range 25 and 55 per cent consistency 
of oven dry pulp, i.e. 75 to 45 per cent by weight 
of water. Failure to control this range of nois 
ture content makes the operation of this process 
impractical, since little bleaching effect on the 
pulp is then observed. 
We have also discovered that the maximum 

absorption and utilization of the Ozone occurs 
when we control the consisteracy within the limits 
previously stated as graphically shown in Figure 
2 based on our expiremental data. Our process 
is thus highly efficient in producing under our 
controlled operating conditions a pulp of maxi 
murn brightness with the most efficient use of the 
ozone present in the mininn time. 
We have also found that the acidity of the 

pulp to be treated with ozone must be carefully 
controlled within critical irritS which we have 
discovered. While other investigators have sug 
gested using acid at Some point in a bleaching 
process, the critical nature of the acidity range 
has not heretofore been disclosed. Figure 3 based 
On Our experimental data illustrates the desir 
able range of acidity. It will be noted that above 
pH 4 the brightness of the beached pulp becomes 
progressively less, despite increased ozone con 
Sumption. Below a pH of 4 the brightness for a 
given ozone consumption in substantially con 
stant. However, excessive acidity is undesirable 
since it contributes to weakening the strength 
of the cellulose. We have also found that the in 
crease of pH above 4 increases the consumptiun of 
Ozone as shown in the chart of Figure 4. There 
fore, it is apparent that the desirable pH of the 
Stock to be bleached with ozone should be from 
about 4 to about 7, dependent upon the quality 
of the specific stock to withstand acid degrada 
tion and upon the efficiency required in the use of 
O2Oe. 

As an example of our process, we take washed 
unbleached sulphite pulp sheets of 35 per cent 
Oven dry consistency and subject then to a 
shredding action so that the ozonized air is nixed 
intimately with the fiber. We then admit in a 
closed chamber, air containing a per cent by 
weight ozone and allow it to pass through the 
pulp, reaching virtual exhaustion of its ozoae 
content before escaping to the air. The treat 
ment takes place at room temperature Rnd is 

to control during the bleaching. operations, Wess continued until the desired pulp brightness is 
s 
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reached. The stock is then diluted with water 
and washed to remove degraded products. 
Another example of our process relates to 

bleaching pulp produced by the sulphate or kraft 
process. We Subject the pulp to an acidifying 
agent Such as sulphur dioxide to bring it to a 
pH of 5 to 6. The pulp is then pressed or other 
wise converted to a consistency of about 35 per . 
cent oven dry Stock. It is then thoroughly shred 
ded and put into a Suitable gas-tight container 
where it is Subjected at room temperature to a 
Strean of Ozonized air containing, for example, 
% per cent by weight ozone. By moving the pulp 
Counter current to the entering stream of ozo 
nized air, complete utilization of the ozone is ob 
tained. Sufficient time of treatment is allowed to 
obtain the desired degree of bleaching. The pulp 
is then removed from the container, washed, and 
may be subjected, if desired, to further commonly. 
known bleaching steps as, for example, treatment 
with caustic Soda and calcium hypochlorite. 
Our process is particularly effective for pro 

ducing bleached cellulosic pulps having a low 
ash content. By using ozone as the bleaching 
agent a mininum of inorganic Substances is in 
troduced in the pulp as compared with prior 
bleaching methods using ordinary bleach liquor. 
We have found for example, that the sane pulp 
bleached with Ordinary bleach, liquor contains 2 
or 3 times more ash as compared with the pulp 
bleached by our method. Furthermore, the color 
reversion of pulp bleached by our method is very 
small over prolonged storage periods as con 
pared with the rapid color reversion of pulp 
bleached with Ordinary bleach liquor. 
The specific examples given are not intended 

to limit the Scope of our invention. For exam 
ple, we can use our method of bleaching either 
in single stage operation or in any one of a 
Sequence of Several bleaching stages together with 
Connonly practiced bleaching procedures. Fur 
thermore we do not maintain counter current fow 
of the ozone and pulp as a necessary condition, 
nor the temperatures and concentration of 
bleaching agents as noted in the examples given. 
These conditions may be suitably modified in 
conjunction with other procedures as previously 
indicated and it is intended to include such modi 
fications and changes of our invention within 
the Scope of the appended claims. 
We cairn: 
1. The method of bleaching cellulosic pulp 

which comprises the steps of adjusting the nois 
ture content of the pulp to an oven dry consist 
ency between 25 and 55 per cent, adjusting the 
pH of the pulp within a range of 4 to 7, passing 
ozone through Said pulp and substantially ab 
SOrbing all Said OZone present to yield a beached 
pulp having a good permanence of color and low 
ash content, . 

2. The method of bleaching cellulosic pulp 
which comprises the steps of adjusting the mois 
ture content of the pulp to an oven dry consist 
ency between 25 and 55 per cent, adjusting the 
pH of the pulp within a range of 4 to 7, passing 
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4. 
of adjusting the moisture content of the pulp to 
an oven dry consistency between 25 and 55 per 
cent, adjusting the pH of the pulp within a range 
of 4 to 7, passing ozone through said pulp and 
Substantially absorbing all said ozone present to 
yield a bleached pulp having a good permanence 
of Color. 

4. The method of bleaching cellulosic pulp which comprises the steps of adjusting the mois 
ture content of the pup to an oven dry con 
Sistency between 25 and 55 per cent, acidifying 
said pulp to a pH of 4 to 7, passing ozone through 
said pulp and substantially absorbing all said 

... Ozone present to yield a bleached pulp having a 
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air containing about 2% by weight of ozone 
through said pulp, said pulp absorbing substan 
tially all of the ozone present. 

3. The method of beaching unbleached sul 
site paper-making pulp which comprises the steps O 

good pernanence of coer. 
5. The method of bleaching cellulosic pulp 

which comprises the steps of adjusting the nois 
ture content of the pulp to an oven dry consist 
ency between 25 and 55 per cent, acidifying said 
pulp with sulfur dioxide to a pH of the range of 
4 to 7, passing OZone through said pulp and sub 
Stantially absorbing a said ozone to yield a 
bleached pulp having a good permanence of color. 

6. The method of bleaching cellulosic pulp 
which comprises the steps of adjusting the nois 
ture content of the pulp to an oven dry consist 
ency between 25 and 55 per cent, adjusting the 
pH of the pulp within a range of 4 to 7, passing 
Ozone through Said pulp and substantially ab 
Sorbing all Said ozone present and washing the 
bleached pulp to remove degraded products to 
yield a bleached pulp having a good permanence 
of Color and low ash content. 

7. The method of bleaching cellulosic pulp 
which comprises the Steps of adjusting the nois 
ture content of the pulp. to an oven-dry consist 
ency between 25 and 55 per cent, acidifying the 
pulp to a pH of 5 to 6 passing air containing 
about 42 per cent by weight of ozone through said 
pulp and substantially aibsorbing all said ozone, 
and washing the bleached pulp to remove de 
graded products and yield a bleached pulp hav 
ing a good permanence of color. 

GEORGE.J. BRABENDER. 
JOHN: W. BARD. 
JAMES M. DAY. 
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