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This invention relates to the bleaching of
fibrous, cellulose materials such as paper pulp,
straw, bagasse, esparto grass, cane fibre and the
like. "It has reference to the methods used in
the treatment of the pulp or other cellulose
materials: during the - bleaching stages. -The.
treatment contemplated is particularly suitable
for the bleaching and purification of the pulp
developed by .the sulphate or alkaline process
commonly known as Kraft pulp.

Heretofore it has been the common practice
to bleach pulp by mixing with it a certain quan-
tity of hypochlorite of lime, at the same time
relatively large quantities of water are present
in the pulp and in the hypochlorite of 1'me bleach-.
ing solution, the whole mixture being agitated in
a large vat until the pulp has become white or
turned the desired shade. - 'The process has been
conducted as a batch operation and normally in
an open vessel under atmospheric pressure.

According to the present invention simply
chlorine, or similar bleaching agents, in the
gaseous state is employed for bleaching the pulp
and the bleaching is done with the materials in
a relatively dry state, that is substantially in the
absence of the water medium heretofore em-
ployed.

The present invention constitutes a modifica-
tion of the process set forth in our co-pending
appl'cation Ser. No. 484,733 filed September 27,
1930. It differs from the process set forth in that
case primarily in the condition or state of the
pulp and in the method of handling the same, to-
gether with the manner of subjecting the pulp
with or without previous impregnation with cer-
tain chemicals, such as alkaline substances, salts,
and the 1'ke, to the action of the gaseous bleach-
ing agent employed. It is contemplated that the
pulp may be subjected to treatment in just the
form in wh'ch it is normally produced at the
mills for shipment or for further handling in the
course of manufacture of cellulose products. ‘This
is usually in the form of relatively thick sheets,
say one-eighth of an inch in thickness, and com-
pletely dry insofar as any apparent moisture
is concerned. Of course all pulp, and even paper
in the finished form, has a certain moisture con-
tent but the moisture in what may be termed the
dry material is held as a relatively thin film over
the surfaces within the individual cellulose
cells and on the outer surfaces of these cells.
What may be termed dry pulp in the proper sense
may in fact have a water content of 85% and an

actual solid content of only 15%. - The water.

content would be so situated, however, w:thin the

1930, Serial No. 487,758
(CL 8—2)

material that it would not be apparent in a casual
inspection of the pulp. When reference is made
to dry pulp herein it should be understood to
mean pulp which may have as much as 85% water
content, although normalily it will have less, say
between 70% and 60% water, and it may  be

" dried to such an extent as to have only 2% or 3%

of water. In any case the dry pulp will have sub-

stantial body so that it will retain its form and

will stand in bulk without support or confinement,
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According to'this invention dry pulp of. the" -

-type mentioned is treated directly by chlorine or

other gaseous bleaching agent without first put-
ting the agent into solution in water. Air is with-
drawn from the interior of the cellulose cells and
from the interstices between the cells by the
application of suction .and the air is re-
placed by free gaseous chlorine or the like which
then becomes so intimately associated with the
pulp as to effect a thorough and almost instan-
taneous bleaching reaction. Subsequently the
remaining free chlorine may be withdrawn from

the pulp as by the use of suction and the ma- .

terial may be subjected to washing and similar
treatment to remove the various objectionable
impurities.

In the further treatment of the pulp it may
advantageously be subjected to the action of sul-
phur dioxide in the gaseous state. This gas may
be brought into intimate relation with all por-
tions of the pulp in the same way as the bleaching
gas, if desired. Thus, after washing the bleached
pulp and getting it back in substantially the
same state of dryness as outlined above, the air
may be withdrawn from the interstices of the
fibers by the production of a suitable vacuum.
Gaseous sulphur dioxide may then be introduced
under atmospheric or somewhat greater pres-
sure and permitted to replace the air. This gas
will serve to react with certain chlorinated im-
purities which may not be eliminated by simply
washing the pulp. - Subsequently the unabsorbed
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free sulphur dioxide may be withdrawn by suc- -

tion or in some other way and the pulp may be
washed and subjected to any desired further
treatment. - 'The process may be conducted as a
continuous operation in which the pulp is con-
tinually or intermittently being advanced through
the various stages to effect the bleaching and
purifying reactions or the process may be con-
ducted on a more or less batch basis in a suitable
vessel in which the pulp may be alternately or
successively subjected to the various treatments.
As an alternative to this further treatment of
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the pulp with sulphur dioxide gas, the pulp that
has been treated with chlorine or other gaseous
bleaching agent may advantageously be subjected
to the action of a hypochlorite bleaching agent
or to washing with water, or both, or the pulp
that has been treated with chlorine or other
gaseous bleaching agent may advantageously be
subjected to further treatment by ozone, or oxy-
gen, or oxides of carbon, or oxides of nitrogen, or
oxides -of chlorine in a gaseous state or any

- combination of these gases in the same manner
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as has already been described for the treatment’
-with sulphur dioxide gas. ,
Furthermore, the treatment as outlined above

may be augmented by ‘impregnating the pulp,
before the chlorine treatment previously ex-
plained, with any one or a combination of a
number of alkaline substances and various salts
of these earths, such as sodium, potassium, cal-
cium or magnesium oxides, hydroxides, peroxides,

carbonates and bicarbonates, ammonia or am-’

monium salts, and the like. By the addition of
these substances it is possible  to increase the
effectiveness of the bleaching reaction. :

With this general .explanation.of the nature
and some of the features of the present process,
several illustrative ways in which it may be car-
ried out will now be described in further detail in
conjunction with the accompanying drawings, in
which: R

Figure 1 is a diagrammatic view illustrating a
form of apparatus which may be employed in the
conduct of the process on a batch basis.

- Figure 2 is a diagrammatic view illustrating
apparatus suitable -for the conduct of a con-
tinuous bleaching process embodying the present
invention.

Figure 3 is a diagrammatic view illustrating a

modified form of apparatus suitable for the con-
duct. of a continuous bleaching operation. -
Figure 4 is a diagrammatic view illustrating a
modification of the appsaratus shown in Pigure 1.
Referring now to the form of apparatus shown
in Figure 1, there may be provided a chamber
or vessel 10 in which the bleaching operation is
adapted to take place. This vessel, as shown,
may suitably be of conical form, although a cy-
lindrical, spherical or other form may be em-
ployed if desired. The bottom of the vessel is
closed by a plate 11 which may be secured to
a flange formed at the lower end of the vessel.
The plate 11 should form an air-tight closure so
as to permit the creation of g vacuum  or the
maintenance of a pressure within the vessel. At
the top there may be provided a closure or lid
12 which may conveniently be pivoted as at 13
to a bracket secured to the wall of the vessel.

-Any suitable form of clamp 14 may be provided

for seeuring the lid in closed position. Prefer-
ably this clamp or fastening means is of simple
construction and manually operable so as to per-
mit the lid to be readily opened to allow the in=
troduction and discharge of material through
the -top. A gasket 15 of any -suitable material
should be provided around the edge of the lid
50.as to form an air-tight seal between the lid
and the rim: of the' vessel. Trunnions 16 and
17 secured to the sides of the
ing horizontally therefrom may be suitably jour-
nalled in bearings 18 provided in suitable sup-
porting standards. The trunnion 17 may have

- secured thereto a pinion 19 adapted to mesh with

%

& pinion 20 mounted on the shaft of a motor 21.
Through . the connections indicated, the vessel
may be. partially rotated whenever desired from

vessel and extend-.

" bits of dry pulp,
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the position shown in Figure 1 to an inverted
position to permit dumping of the contents of
the vessel. If the vessel is relatively small, it
may be turned by hand in lieu of providing the
motor shown. .

Near ‘the top. of the vessel 10 an outlet 22 is
provided in communication with a vacuum pump
23 adapted to create any desired degree of vac-
uum - within the chamber. A pressure gauge 24
may be provided to indicate at all times the pres-
sure or vacuum maintained’ within the chamber,
By means of a valve 25 in the outlet 22 the vac-
uum pump 23 may be disconnected from or con-
nected into the system at will. In order to per-
mit the rotation of the vessel about the trun-
nions 16 and 17 in the manner explained, a cou-
pling 26 is preferably provided in the line 22
S0 as to. allow disconnection of the vessel from
the vacuum pump, gauge, and other portions of
the system.

At the bottom of the vessel there is provided
a.nozzle 27 of any suitable construction for the
introduction of a gaseous bleaching agent. This
nozzle is preferably so constructed as to insure
dispersion of the gaseous agent over the entire
area at the bottom of the vessel. An inlet line
28 communicating with the nozzle 27 may be
passed through ‘an opening in the plate 11 in
such a way as to provide an air-tight seal at
this point. - A tank 29 containing the ‘bleaching
agent in compressed form is connected to the
line 28 and a valye ‘30 is provided for regulating
the discharge of the ‘bleaching agent through
the nozzle 27. A detachable coupling 31 is pro-
vided in the line 28 .to permit the partial rota-
tion of the vessel whenever it is desired to dump
its contents. - If desired, the connection from the
tank may be carried through one of the trun-
nions which support the vessel 10 so as to avoid
the necessity of uncoupling the tank whenever

the contents of the vessel are to be discharged.

Thus, the tank 291, shown in Figure 4, may be
connected by a pipe 281 passing through the
trunnion 16 and connected in any suitable way
to the nozzle 27. A stuffing box 282 may permit
the necessary relative turning between the parts
of -the pipe connected to the tank and nozzle,
respectively. ‘Any. suitable form of gaseous
bleaching agent may be retained in the drum or
tank 29. If chlorine is used, it may be main-
tained under a sufficient pressure to hold it in
the liquid state at normal temperatures. Other
normally gaseous bleaching agents may be sub-
stituted, if ‘desired, as for example the oxides of
chlorine, -oxides of nitrogen, oxides of .sulphur;
oxides of carbon, ozone or oxygen in the free
state, and the like. - These gaseous. bleaching
agents may be used individually or two or more
of them may be used. Where two or more
bleaching agents are used, they may be used
Jjointly, although preferably they will be em-~
ployed separately and successively. In the lat-
ter case the material may be subjected to a wash-
ing. or other purification intermediate to the
treatment by’ the different gaseous bleaching
egents. ) '

Now, in the operation of the apparatus de-
scribed, the cellulose material, such as paper pulp
32, or the like, is introduced into the vessel 10
through the opening at the top of the same in a
relatively dry state. ‘This material may either be
intreduced in the form of large sheets or rolls or
may be in the form of small lumps, scraps, or
or other fibrous, cellulose mate-

rial, It may be in the natural state in which
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it ordinarily leaves a wet machine or screw press
or it may have been impregnated with one or
more of the alkaline materials previously men-

tioned. Having a relatively small water content

the material is not in a fluid state, although it
is preferably so sub-divided or arranged as to be
readily introduced into or discharged from the
The lid 12 is then clamped tightly over
the open end of the vescel while the valve 30 is
closed and the valve 25 opened so that the suc-
tion pump 23 may be operated to establish a vac-
uum of any desired degree within the vessel. In
the creation of the vacuum the air which is held
in the interstices of the fibrous material, or be-
tween the cells of the structure of the material,
will be released and will be withdrawn by the
pump to an extent dependent upon the degree
of the vacuum. A vacuum of, say, 15 inches of
mercury may be satisfactory for the purposes, al-
though a higher degree of vacuum is preferable.
After a suitable portion of the air has been evacu-
ated from the vessel and from the material, the
valve 25 is closed and the valve 30 is opened to
permit the introduction of chlorine, or any other
suitable gaseous bleaching agent, into the vessel.
This gaseous agent may be introduced until at-
mospheric pressure is established or until super-
atmospheric pressure is brought about, as desired;
a slight pressure above atmospheric is deemed
preferable. As the chlorine, for example, enters
the vessel it will find its way into the spaces be-
tween the cells or fibers. of the material from
which the air has been previously expelled and

. due to its intimate contact with all portions of

the material, and its natural chemical affinity,
will produce an almost instantaneous bleaching
action. Within a brief period of say five minutes
it should be possible to completely permeate the
vessel and the material in it with the -gaseous
bleaching agent.- If the water content of the pulp
is extremely low, as for example below 10%, care
should be exercised not to-leave the chlorine in
contact with it too long as it will have a tendency
to char the dry pulp and reduce it to a pulverulent
condition. When the reaction has been com-
pleted, the valve 25 is again opened and the vac-
uum pump 23 is permitted to draw off the excess
unused portions of the gaseous bleaching agent
and this may, if desired, be sent to any suitable
storage vessel for re-use. If the chlorine has
been removed by the creation of a desired degree
of vacuum within the chamber, the suction may
be discontinued and air admitted to the vessel
by opening the lid 12. This air will then fill the
spaces between the fibers and cells of the material
as in its original condition. The material may

‘ now be dumped from the vessel by a partial ro-

tation of the same through operation of the motor
21 and may be subjected to any further treatment
desired. ’ '

Purther bleaching or other treatment of the
material may be carried out within the same
vessel, if desired. For example, after exhausting
the excess chlorine by the operation of the vacu-
um pump in the manner explained, another
bleaching agent may be introduced into the vessel
from a vessel similar to the tank 29 and adapted
to discharge its contents through the nozzle 27,
or some treating or purifying agent such as gas-
eous sulphur dioxide may be introduced. As
previously stated, the material may, if desired,
be subjected to a washing reaction between the
several treatments by the gaseous agents. This
is particularly desirable where a sulphur dioxide
treatment follows a chlorine treatment inasmuch

3

as all traces of chlorine should first be removed
to prevent the formation of sulphuric acid.

All portions of the apparatus which are
brought into contact with the bleaching agent, as
for example the vessel 10 and the vacuum pump
23, as well as the intermediate connections, should
either be formed of or lined with cuitable mate-
rial not subject to attack by the particular agent
employed. For example where chlorine is used
as the bleaching agent these portions of the sys-
tem should either be formed of or lined with a
molybdenum nickel steel alloy; or with glass or
stone or any other substance not appreciably at-
tacked by chlorine.

In Figure 2 there is diagrammatically illus-
trated a form of apparatus which may be em-
ployed in the conduct of the process on a con-
tinuous basis. = As here shown, the cellulose ma-
terial may be in the form of a relatively thick
sheet 35 which is in a substantially dry state.” It
may conveniently be directly in the form in which
it leaves the rolls 36 of a wet machine, having
a thickness of approximately one-e'ghth of an
inch; and it may either be in the normal state
in which pulp leaves such a machine or if chlo-
rine is used as a bleaching agent the pulp may
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contain a suitable quantity of one or more of the

alkaline mater als previously mentioned with
which the pulp has been impregnated prior to its
formation into a sheet on the wet machine, The
bleaching process may conveniently be carried
out in an enclosed chamber or housing 37 having
a plurality of compartments 38, 39 and 40. Upon
leaving the rolls of the wet machine the mater al
may be passed through a plurality of rollers 41
mounted in suitable bearings carried by the end
member 42 of the housing. These rollers are
preferably formed of su’table flexible or yielding
material which is adapted to completely fill the
opening in the member 42. They wll yield
slightly, however, to permit the passage of the
strip of material 35 and will at all times exclude
the entry of any appreciable amount of air
through the wall 42 of the housing. Another pair
of rollers 43 may be su:tably journalled in bear~
ings carried by a partit.on wall 44 forming the
opposite side of the compartment 38. The strip
of material 35 is fed between these rollers, which
are formed of flexible, yielding material similar
to the rolls 41 and serve to form a substant ally
air-t'ght seal for the opening in the wall 44.
The air may be partially or completely exhausted
from the compartment 38 by means of a suction
pump 45 connected by a line 46 to the interior
of the compartment.
as the strip of material passes through the,com-
paritment, which is maintained under any desired
degree of vacuum, the air held between the fibers
or cells of the mater al will be partially or com-~
pletely released. g

Upon leaving the rollers 43 the material is
passed around a series of idler rollers 47 and then

between a pair of flexible feed rollers 48 carried

by the opposite wall 49 of the compartment 39.
Dur.ng the period of fime, say one to ten min-
utes, required for the travel of the material
through the compartment 39, it may be exposed
to the act’on of a suitable bleaching agent in
gaseous form. For this purpose the bleaching
agent may be carried under pressure within a
tank or drum 50 which is in communication with
the interior of the compartment 39. If chlorine
is to be used as the bleaching agent, for example,
it may be held in the liquid state in the tank 50
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the application of steam or heat in other form,
into the compartment 39. Being under. atmos-

" pheric, ‘or preferably superatmospheric, pressure

of possibly 25 pounds, the chlorine in the com-
partment 39 will penetrate into the material and
lodge itself in the spaces between the fibers and
cells of the mater’al from which the air has
been displaced. The bleaching reaction will be

‘almost instantaneous as the gaseous agent pene-

trates into all portions of the material.. If the
pulp is quite dry, i. e. has an exceptionally low
water content say below 10%, the bleaching action
is exceedingly rapid and there is danger of char-
ring or otherwise harming the pulp if it is left

in the chlorine atmosphere too long, The speed :

of travel of the pulp through the bleaching com-
partment should be varied in. accordance with
the dryness of, the material ‘and should be so
regulated as to insure proper bleach’ng without
detriment to. the pulp. - :

As the strip passes between the rolls 48 into:

the compartment 40 and is fed between a pair
of rollers 51, of the same sort of flexible mate-
rial, journalled in the end wall 52 of the housing

it may be again subjected to a vacuum of suitable -
.degree. - Any free chlorine which may remain in.
" the space between the fibers of the mater:al will

be largely withdrawn in this way. For this pur-
pose a vacuum pump 53 connected by a line 54

‘to ‘the ‘interior of the compartment 40 may be

provided. Any chlorine which is withdrawn from

.the material in this way may be returned to the

compartment 39, if desired, by ‘a l:ne 55 leading
from the discharge outlet of the vacuum pump
53. In a similar way any of the bleaching agent
which ‘may have leaked past the rollers 43 into
the compartment 38 may be recovered. from the
pump 45 and utilized in any way desired.

Upon leaving the bleaching chamber the ma-
terial may be passed over a continuous rotary
filter 56 against the surface of which a series of
sprays 57 may discharge streams of water or
other  suitable. washing agents.. The  filter,
through the provision of the usual suction; will
remove the greater portion of the water and va-
rious impurities washed from the material by the
water. Certain - impurities produced . by ' the
bleaching agent will remain in the material and
msy best be removed by further treatment of the
pulp by another reagent. 'Where chlorine is used
as the bleaching agent, it will be found, for ex-
ample, that certain chlorinated impurities may,
be removed by treatment of the pulp with sulphur
dioxide. According to the present invention this

-subsequent treatment may be carried out in sub-

stantially the same way as the bleaching reaction
itself. ~The sulphur dioxide may be applied in
the gaseous state. ‘For this purpose a second
chamber 58, having three compartments 59, 60
and 61, may be provided. Before passing the
material into the chamber 58; it should preferably
be reduced to' substantially the same dry state in
which it originally entered the chamber 37. For
this purpose it. may be passed between a pair of
squeezing. rollers 581.. The material is then fed
into the compartment 59 between a pair of flex-
ible rollers: 62 journalled adjacent an- opening in
the end wall 63 of the chamber.
is discharged from the compartment 59 between

- & pair of flexible rollers 64 filling an opening in a

partition wall 65. - A vacuum pump 66 connected
by a line 67 with the interior of the compartment
59 may serve to remove the air from the cham-
ber and from the spaces between the . fibers or
cells of the material.

The material

1,057,087

Within the compartment 60 the material may
be passed over a series of idler rollers 68 and it
may be discharged from this compartment be-
tween the rollers 69 journalled in and completely
filling an opening in a partition wall '70. Sulphur
dioxide or.other similar purifying agent may be
held under pressure in a tank or drum 71 and
may be introduced: in a gaseous state into the
compartment 60. Here it will enter the spaces
between the fibers or cells of the material and will
react with the impurities which have not been
eliminated by the washing treatment.
fied material is then passed through the compart-
ment 81 and is discharged from the latter be-
tween a pair of feed rollers 72 mounted at the
end of the chamber. : A line 74 connecting the
interior of the compartment 61 with a vacuum
pump 75 may be employed for creating a vacuum
within the compartment and thus removing the
greater portion of the free sulphur dioxide held
by the material. This sulphur dioxide may be
returned to the compartment, 60, if desired,
through a return line 76. * Upon leaving the puri-
fying chamber the material may be passed over
another continuous rotary filter 77 on whose sur-
face it may be washed by a series of sprays 78
adapted to discharge water or other washing
agent. s '

The puri-

100

The bleached and purified material may now be

passed to a beater 79 for treatment prior to use
in a paper making machine 80, or the like, for
ultimate ' manufacture into the desired final
product. '

It will be understood . that the chamber 37
should be formed of or lined with material ca-
pable of largely or.completely resisting the .cor-

-rosive action of the bleaching agent and that

similarly any portions of ‘the system subjected
to the agent will be so formed or lined. While
gaseous chlorine is considered to be the preferred
type of bleaching agent, any gaseous agent such
as those previously mentioned may be employed
singly or in combination or in successive stages,
if desired. If successive bleaching stages are to
be used, a chamber having a greater number of
compartments should be provided. :
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The continuous bleaching and purification of .

the dry pulp may be conducted in a somewhat
mod:fied manner. Referring to Figure 3, the
cellulose material may be in the form of a sheet
81, as in the process just explained. It may be

125

in the ordinary state in which it is normally -

received from the final rolls 82 of a wet machine
or it may previously have been impregnated with
a suitable quantity of an alkaline substance, as
described . previously. ‘This material may be
passed. over the surface of the rotating drum 83
of a continuous rotary filter. During the rota-
tion of the drum the material may be passed

‘beneath a hood 84 adapted to maintain an at-

mosphere of chlorine or other gaseous bleaching
agent ‘over a portion of the surface of the drum.
Radially in line with the hood 84 there may be
provided an area 85 within the drum over which
a continuous suction may be maintained as is
ordinarily done in rotary filters. Thus, as each
portion of the material is carried between the
hood 84 and the suction area 85 upon continuous

-rotation of the drum the air will be withdrawn

from the interstices of the material and it. will
be simultaneously replaced by the chlorine which
will in turn be sucked through and disposed of
in any suitable way by the suction system of the
filter. In its passage through the material the
chlorine or other gas will have effected a substan-
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tially instantaneous bleaching reaction. To in-
sure complete removal of the chlorine from the
bleached material a second suction area 86 may
be provided within the drum 83 so that air may
be drawn through the material and serve to com-
pletely expel the chlorine.

Subsequent treatment of the bleached material
may include washing of the same as by the means
disclosed in Figure 2 and purification, for exam-
ple, by the passage of sulphur dioxide or a similar
agent through the material in the same way that
the chlorine is passed through it. Another ro-
tary continuous filter drum similar to the drum
83 may be provided for this purpose.

Where it is desired to add alkaline substances,
of the type previously mentioned, to the cellu-
lose material prior to the bleaching reaction, the
quantity of the substances employed will, of
course, vary with the nature of the ones employed
and with the extent of bleaching desired. If
sodium carbonate is employed to subsequently re-

act with chlorine, it may be found desirable to

add between 100 and 500 pounds to a quantity of
unconcentrated pulp containing a ton of dry

fiber, although a greater or less amount may be.

used under particular circumstances.

While the present process has been disclosed
in considerable detail and several forms of ap-
paratus suitable for the conduct of the process
have been specified, it is to be understood that
many variations may be adopted in the process
and in the apparatus on which it is conducted
without departing from the general spirit and
scope of the invention.

What we claim is:

1. A method of bleaching fibrous cellulose ma-
terial which comprises removing the air from
the interstices of the material while it is in a
substantially dry state and replacing said air by
a gaseous hleaching agent. )

2. A method of bleaching fibrous cellulose ma-
terial which comprises first removing the air
from within the material while it is in a substan-
tially dry state, and then introducing a gaseous
bleaching agent into the spaces from which the
air has been removed.

3. A method of bleaching fibrous cellulose ma-
terial which comprises first removing the air
from within the material while it is in'a substan-
tially dry state, then introducing a gaseous
bleaching agent into the spaces from which the
air has been removed and then .replacing the
excess gaseous agent in the material by air.’

. 4. A method of bleaching fibrous cellulose ma-

terial which comprises producing a sufficiently
low sub-atmospheric pressure to remove the air
from said material while it is in a substantially
dry state, and then introducing a gaseous bleach-
ing agent to replace the removed air.

5. A method of bleaching fibrous cellulose ma-
terial which comprises removing air from the
interstices -of said material and then intimately
intermingling the same in a substantially dry
state with a gaseous bleaching agent.

6. A method of bleaching fibrous cellulose ma-
terial which comprises continually advancing
said material through a plurality of zones and
subjecting each portion of the same successively
in one zone to suction for the removal of air and
in another zone to a reaction with a gaseous
bleaching agent. :

7. A method of bleaching fibrous cellulose ma-
terial which comprises advancing said material
in a substantially dry state through a series of
stages of treatment, subjecting each portion of

5

said material as it passes through one stage to
suction for the removal of air, and introducing
a gaseous bleaching agent in a subsequent stage.

8. A method of bleaching fibrous cellulose ma-
terial which comprises advancing said material
in a substantially dry state through a series of
stages of treatment, subjecting each portion of
said material as it passes through one stage to
suction for the removal of air, introducing. a
gaseous bleaching agent in a subsequent stage,
and in a further stage removing the excess
bleaching agent and impurities after the bleach-
ing reaction has taken place.

-9. A contintious method of bleaching fibrous
cellulose material which comprises treating suc-
cessive portions of the material in a substantially
dry state by removing the air normally held in
the interstices of the material to the extent of a
vacuum equal to at least 15 inches of mercury
and replacing such air by a gaseous bleaching
agent.

10. A method of bleaching cellulose material
which comprises successively treating said ma-
terial in a substantially dry state to first remove
air from the interstices thereof, replacing the
air held in and between the cells of the material
by gaseous chlorine and subsequently replacing
the chlorine by gaseous sulphur dioxide.

11. A method of bleaching cellulose material
which comprises removing the air therefrom by
suction, introducing gaseous chlorine into the
interstices of the material, and then purifying
the material by a gaseous agent adapted to react
with the chlorinated products.

12. A method of bleaching cellulose material
which comprises removing the air therefrom by
suction, introducing gaseous chlorine into the
interstices of the material, removing the chlorine
and the then soluble impurities from the ma-
terial, introducing gaseous sulphur dioxide into
the material, and then washing the material and
introducing air into the same. v

13. A method of bleaching fibrous cellulose ma-
terial which comprises removing the air there-
from by suction, introducing gaseous chlorine
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into the interstices of the material, removing the

chlorine, introducing an agent into the material
to convert reaction products of the chlorination
into soluble substances and then washing the
material and introducing air into the same.

14, A method of bleaching cellulose material
which comprises producing the material in a sub-
stantially dry state with an alkali or an alkali
earth distributed through the same, removing
air from the interstices of the material to the
extent of a vacuum of at least 15 inches of mer-
cury and subjecting the dry material to the action
of gaseous chlorine in the presence of said alkali.

15. A method of continuously bleaching cellu-
lose material which comprises adding an alkali
or an alkali earth to said material, forming said
material into a substantially dry sheet, removing
air from the interstices of the material, and re-
placing said air by gaseous chlorine in the pres-
ence of said. alkali. . :

16. A method of bleaching fibrous cellulose ma-
terial which comprises producing the material
in a substantially dry state, removing the air from
the interstices of the material by suction, replac-
ing the air by ammonia gas, and subjecting the
dry material to the action of chlorine gas. :

17. ‘A method of bleaching fibrous cellulose ma-
terial which comprises producing the material
in" a substantially dry state, removing the air
from the interstices of the material by suction, re-
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the dry material to the action of chlorine gas,
removing the chlorine, ammonia and impurities

- from the material, introducing sulfur dioxide into

8 the material to render insoluble products of the

chlorination soluble and then washing the ma-
terial. . : ' '
18, A method of bleaching fibrous cellulose ma-

' _terial ‘which comprises subjecting the material

10
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20

to successive partial bleaching reactions, the first
of said reactions comprising the reduction of the
material to a substantially dry state.and the

. SubjJection of the dry material to a vacuum of at

least 15 inches of mercury for the removal of
air from the interstices thereof and then to the

- action of free chlorine and another of said re-

actions comprising ‘subjecting the material to
the action of a hypochlorite solution, :
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1,957,937
Dlacing the air by ammonia gas, and subjecting

19, A method of bleaching digested, fibrous,
cellulose material which comprises removing wa-
ter and air from the interstices of the material
and then intimately intermingling the same, while
in a substantially but not completely dry state

-and while the fibers: are in an expanded, de-
- aerated condition, with gaseous chlorine, ' .

20. A method of bleaching digested, fibrous,
cellulose material which comprises removing wa-
ter and air from the interstices of the material,

80

85

the material being reduced to approximately a -

60 to 70% water content, and then intimately
intermingling the material, while the fibers are
in an expanded, deaerated condition, with gas-
eous. chlorine. :
JOHN CAMPBELL.

LANCELOT O. ROLLESTON.
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