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UNITED STATES
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PATENT OFFICE

ROBERT B. WOLF, OF NEW YORK, N. Y, AND RAYMOND P. HILL, OF GLEN ROCK, NEW
JERSEY '

METHOD OF AND APPARATUS FOR BLEACHING PAPER PULP

. A . .
. Application filed October 23, 1928.- Serial No. 314,439.

This invention relates to the bleaching of
pulp or paper stock, and particularly to a
met}})xod and apparatus for treating such ma-
terial to accomplish the desired bleaching
more effectively. . '

The invention relates especially to the con-
tinuous treatment of paper pulp at high con-
centrations, i. e. above 10% and preferably
upward to 30% or even higher. At such con-
centrations the bleaching action is rapid be-
cause of the high strength of the bleaching
solution. Conséquently it is difficult to se-
cure uniform action of the bleaching reagent
and to produce pulp of standard color
throughout without overbleaching portions
of the pulp. This difficulty is met particu-
larly when the amount of bleaching reagent
sufficient to complete the bleaching action is
added initially to the pulp which is there-
after caused to travel substantially without
agitation through the bleaching apparatus.
The pulp thus treated is usually non-uniform
in color or is overbleached and thereby weak-
ened.

Tt is the object of the present invention to
provide an improved method and a%paratus
wherein concentrated pulp may be bleached
continuously, rapidly and uniformly with a
minimum expenditure of power and of the
bleaching reagent, thus ensuring economical
and satisfactory bleaching of the pulp.

A further object of the invention is to en-
sure intimate mingling of the bleaching re-
agent with the pulp and particularly to effect
periodic kneading of the fibres, which we
have found to be particularly advantageous
in accomplishing uniform and satisfactory
bleaching. S

Another object of the invention is the pro-
vision of a method and apparatus wherein
the bleaching action is controlled more read-
ily to permit the production of bleached pulp
of uniform and predetermined color.

Another object of the invention is the pro-
vision of a method and apparatus in which
the initial bleaching of the pulp is effected
continuously, the final bleaching being accom-
plished in a separate stage after removal of

reaction products from the pulp by washing

or otherwise. .

The invention depends upon the continuous’

movement of a mixture of the pulp with the

bleaching reagent, the mixture being supplied -

continuously and the bleached pulp being
discharged similarly when the bleaching re-
action 1s completed. -It involves advancing

a substantially quiescent body of the pulp

and bleaching reagent through the bleach-

65

ing apparatus with periodic agitation to ef- -

fect the kneading of the fibres and the inti-
mate mingling of the bleaching reagent with
the pulp. The total amount of bleaching re-

agent required to effect either complete or

partial bleaching of the pulp may be mixed
with the latter before the bleaching action
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is initiated. Alternatively the bleaching re- - -

agent may be added in separate portions as
the pulp advances at any convenient point,
and preferably during one or more of the
periods of agitation. The addition of por-

_tions of the bleaching reagent at intermediate
_stages of the bleaching reaction is desirable,

particularly to permit control of the bleach-
ing action. The operation may be further
improved by the introduction of a neutral
gaseous medium such as air to the mixture
of pulp and bleaching reagent during the
periods of agitation, the gaseous medium be-
ing caused to impinge upon the pulp for the

purpose of removing gaseous reaction prod- -

ucts from the fibre whereby a2 maximum
bleaching effect of the reagent is ensured.

In carrying out the invention, we provide
a suitable apparatus which may be embodied
in various forms but which essentially in-
cludes a plurality of bleaching chambers or
units through which the pulp is permitted
to pass without substantial agitation. The
thick pulp, being previously concentrated by
any suitable apparatus to a density of, for-ex-

ample, 20 to 80%, may be advanced by grav- -

ity through the successive bleaching cham-
bers. Preferably, however, these chambers
are provided with suitable conveying means
such .as screws which cause the pulp to ad-
vance without substantial agitation. The
bleaching reagent is mingled with the pulp
which is introduced continuously at one end
of the system to the first bleaching chamber.
When the pulp reaches the opposite end of
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2
that chamber it is picked up by a suitable con-

veyor which carries it into the next succeed-
ing chamber, subjecting it meanwhile to rel-

- atively vigorous agitation to effect the desired

—~
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; ‘kneading of the pulp. At the end of the sec-

ond unit through which the pulp travels in
a substantially quiescent state, it 1 again sub-
jected to agitation and kneading. The opera-
tion may be repeated successively until the
pulp has passed through any desired number
of units intended and adapted to accomplish
the desired bleaching effect. )

In the manner described, the pulp with the
bleaching reagent mingled therewith is sub-
jected to successive periods of travel in a sub-
stantially quiescent condition, that is to szy,
without relative movement between the fibres
constituting the mass. Such a condition is fa-
vorable to effective and rapid bleaching. Itis
not desirable, however, to leave the pulp in
such condition for an extended period of time
because of the tendency of the bleaching re-
agent to react non-uniformly and overbleach
portions of the pulp. To correct this ten-
dency the pulp 1s subjected periodically to
agitation and resultant kneading of the fibres,
which redistributes the bleaching reagent in
the mass and facilitates the separation of gas-
eous reaction products which may be removed
as hereinbefore indicated by the action of a
gaseous medium impinging on the fibre. Fol-
Iowing the agitation and kneading of the
pulp it is again permitted to travel in a quies-
cent state to permit further action of the
bleaching reagent after which it is again sub-

- jected to agitation. We have found that the
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successive periods of quiescent travel with

periodic agitation ensure the maximum and

most uniform effect of the bleaching reagent,

and hence the economical treatment of the
ulp. »

Tt is desirable under some conditions to in-
troduce successive portions of the bleaching
reagent to the pulp while it is undergoing agi-
tation to ensure intimate distribution of the
bleaching reagent through the pulp and par-
ticularly to permit control of the reaction.
The bleaching reagent may be added during
all or during only selected periods of agita-
tion. In any case, the amount of bleaching
reagent initially added will be reduced in
proportion to the amount which is intro-
duced during the later stages of the bleaching
operation. Thus a part of the bleaching re-
agent necessary to accomplish the. desired
bleaching effect may be introduced initially,
and the remaining portion or portions may be
supplied to the pulp at any stage of its travel,
and particularly while the pulp is undergo-
ing agitation following any period of quies-
cent travel thereof. Since the movement of
the pulp is continuous, the bleaching reagent
may be fed continuously at selected points
in the travel thereof, or the reagent may be
introduced intermittently, depending upon

1,753,228

the observed conditions of the pulp, to cor-
rect any inequality of bleaching thereof.

We have also discovered that the bleach-
ing action may be improved and that more
uniform actiom, can be secured by subjecting
the pulp undergoing bleaching periodically
to the action of a suitable gas such as air,
which may be caused to impinge upon the
pulp in such a way as to blow the fibres apart
and to remove therefrom the products of the
bleaching reaction which tend to accumulate
on the fibres and to retard further bleaching.
The introduction of the gas is effected most
satisfactorily at the ends of the successive
bleaching units, so that the pulp, while be-
ing agitated by suitable mechanical means
such as a screw or beater arms, is simultane-
ously subjected to the scouring action of the
gas which carries away the gaseous reaction
products and leaves the pulp in condition to
react most favorably with the bleaching re-
agent. The introduction of the gas has a
further advantage in that it tends to reduce
the temperature of the pulp in case of any
tendency to overheat, so that the pulp may be
maintained readily at a temperature prefer-
ably not exceeding 90° F., at which temper-
ature it is practicable to effect the desired
bleaching. It is desirable to avoid overheat-

ing because of the destructive effect upon °

the.fibre.

The pulp, either wholly or partially
bleached in accordance with the invention, is
discharged continuously from the last bleach-
ing unit and may be diluted immediately with
a suflicient ‘quantity of water to reduce the
concentration materially, for example to
about 2%. The pulp may be agitated with the
water for the purpose of washing products of
the bleaching reaction therefrom, whereupon
the pulp may be concentrated again in an
ordinary thickener, for-example of the cylin-
der type. If the pulp has been completely
bleached, it may be delivered to the machines
in which it is utilized. -Otherwise it may be
subjected, at concentrations either above or
below 10%, to further bleaching action in
suitable apparatus to effect the final bleach-
ing. We have found that in many cases the

final bleaching is best accomplished in this *1°

manner, and particularly in a batch operation
which is more readily controlled to produce a
pulp having the desired color. At low con-
centration the pulp may be treated, for ex-
ample, in an ordinary Belmer bleacher. At
higher concentrations it may be subjected to
treatment in vertical or horizontal bleaching
units, and to the action of a further quantity
of the bleaching reagent while the pulp is cir-
culated in a closed path and subjected pref-
erably to the action of a gas such as air to re-
move gaseous reaction products.

In the operation as hereinbefore described,
it is possible to secure rapid and uniform par-
tial bleaching of the pulp in a relatively short
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time. Thus the apparatus may be so designed
that the pulp will travel through each succes-
sive unit in a period of approximately 6 min-
utes, and if 6 units are provided, the bleaching
is completed by the passage of the pulp
through the bleacher in a period of between
30 and 45 minutes. In this operation two-
thirds of the total quantity of bleaching re-
agent required to bleach the pulp completely
is delivered initially or in successive portions
to the pulp in the several units as hereinbefore
described and intimately mingled with the
pulp, thus assuring uniformity of the bleach-
ing action. If complete bleaching is desired,
the additional quantity of the bleaching re-
agent necessary for that purpose is added as
described to the pulp, the bleacher being oper-
ated so as to allow sufficient time to complete
the reaction before the pulp is-discharged
therefrom. .

In addition to the advantages hereinbefore
enumerated, the operation as described af-
fords a pulp of maximum strength. The op-
eration is, moreover, readily controlled to ac-
complish the desired bleaching effect. Thus,
where only partial bleaching 1s required it is
possible to regulate the action of the bleaching
reagent in such a manner as to discharge con-
tinuously pulp of the desired color which
need not be subjected to any further bleaching
action to maintain a uniform color character-
istic of the product.

As hereinbefore indicated, the apparatus
employed in the practice of the invention may

5 differ in form and arrangement. It may de-

pend upon gravity for the major movement of
the pulp, although preferably suitable con-
veyors are employed. Screw conveyors are
admirably adapted for the purpose. The
units in the event that conveyors are used are
preferably horizontal, although vertical con-
veyors may be employed. Horizontal units
may be arranged in vertical tiers, or they may
be placed side by side. In either case provi-
sion is made between the several units to effect
the agitation and kneading of the pulp during
the addition of the bleaching reagent and the
transfer of the pulp from one unit to the suc-
ceeding unit. Screws are used preferably to
transfer the pulp but other feeding means
may be employed, and suitable beating arms
may be introduced to open the pulp and to
mingle the bleaching reagent therewith.

The preferred form of apparatus is illus-
trated in the accompanying drawing in
which— -

Fig. 1 is a diagrammatic view illustrating

the succeeding steps of a bleaching operation

conducted in separate stages with intermedi-
ate washing of the pulp;

Fig. 2is a plan view of the preferred form
of bleacher; and

Fig. 8 is a transverse section through the
bleacher as illustrated in Fig. 1.

Referring to Figs. 2 and 8, the bleacher

3

may comprise a plurality of units 5, each in
the form of a compartment, the units being
separated by division walls 6 of a tank 7,
The tank and the division walls are con-
structed of any suitable material, preferably
concrete, and the separate units are lined
with acid-resisting material such as tile 8.
Tach unit is provided with two worms 9
supported on suitable shafts 10 which are
mounted in bearings 11 and 12 outside the
bleacher. Suitable stuffing boxes are pro-
vided where the shafts pass through the
walls of the bleacher to prevent leakage there-
from. The shafts are driven by gears 13, 14
and 15, a pinion 16 on a shaft 17. The latter
is driven through a gear 18 from a pinion 19
which is actuated by a motor 20. Three
motors are. preferably provided, each driv-

ing the shafts in two of the units of which-

six are embodied in the structure illustrated
in the drawing. It will be understood that
the worms 9 in each unit are designed to con-
vey the pulp in one direction therethrough,

-and that the worms in the succeeding units

convey the pulp respectively in opposite di-
rections, so that the pulp may be fed con-
tinuously through the chambers.

To effect the transfer of the pulp from
each unit to the succeeding unit, shafts 21
and 22 extend through the opposite ends of
the units and are adapted to be driven by
gears 23 from pinions 24 which are connected
to motors 25. The shafts 21 and 22 carry
worms 26 and 27 which, as will be noted,

are not continuous. . The worms 26 and 27

operate at a relatively high speed, say 50
revolutions per minute, and are adapted to
convey the pulp from the discharge end of
each unit into the opposite end of the suc-
ceeding unit. Propellers 28 with shafts 21
and 22 prevent the pulp from piling up
against the wall of the bleaching unit and
ensure delivery thereof uniformly to the
worms 9 for transfer through the unit. The
rapidly revolving worms at the ends of the
units violently agitate the pulp as it is deliv-
ered by the worms 9, open up the fibres and
permit the intimate ~distribution of the
bleaching reagent in the pulp. The bleach-
ing reagent is added to the pulp in succes-
sive portions as it enters the first bleaching
unit, and thereafter as the pulp is trans-
ferred to each succeeding unit, through pipes
29 provided for that purpose. It will be un-
derstood that since the movement of the pulp
is continuous, the bleaching reagent must
likewise flow continuously into the bleacher
in an amount regulated to effect the mixing
of the required proportion of the reagent
with the pulp. The bleaching reagent may
be of any suitable concentration, for example
20 to 30 grams of available chlorine per liter,
and the flow may:be regulated by any suitable
device to ensure the introduction of the re-
quired quantity to each unit. The amount
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of the bleaching reagent employed will de-
pend necessarily upon the character of the
pulp and the amount of bleaching to be ac-
complished and will be determined by the
usual methods before the operation is started.
Thereafter bleaching is continuous, and if
the character of the pulp is unchanged no
further adjustment is normally required.

The wholly or partially bleached pulp.

is discharged from the final unit into a wash
box 30 in which the pulp is mingled with
water supplied through a pipe 31 and sub-
jected to the action of arms 32 on a sllaft 33
which is driven by a gear 34 from a pinion 35.
The latter pinion is actuated by a motor 36.
Tt will bz understood that the shaft 33 ex-
tends through the walls of the wash box and
is supported in suitable bearings 37 with
stuffing boxes to avoid leakage. The pulp
is dilnted in the wash box to a suitable con-
centration and is thereafter delivered to a
thickener 38 in which the pulp may be again
concentrated to any desired density. :

If further bleaching is to be effected, the
pulp may be delivered to a second bleaching
unit, for example a vertical bleacher 39, pref-
erably cylindrical in form and having an ele-
vator 40 which raises the pulp from the bot-
tom of the bleacher and discharges it over an
apron 41 at the top thereof. The pulp then
falls by gravity to the bottom of the bleacher
and is acain elevated. Theamountofbleach-
ing reagent required for the final bleaching
mnay be introduced to the pulp as it enters the

5 bleacher. The operation in such a bleacher

is a batch operation, and the amount of
bleaching reagent can be carefully propor-
tioned, therefore. to effect the final bleach-
ing to the desired color. A gas such as air
may be introduced at the top of the bleacher
and directed upon the fibres as they pass over
the apron to remove gaseous products of the
Lleaching reaction. When the bleaching op-
eration is completed, the pulp may be dis-
charged, subjected to further washing and
thickening and then utilized for its intend-
ed purpose.

Tt will be understood that other types of

bleachers operating with pulp at high or low.

densities may be utilized for the final bleach-
ing step, and that this step may be omitted in

the event that bleaching is completed in the’

continuous operation hereinbefore described
or if complete bleaching is not required. In
either case the advantages of the invention
are secured by effecting the bleaching in a
continuous manner with intermittent qui-
escence and agitation of the pulp and the in-
troduction of a portion of the bleaching re-
agent during agitation.

Various changes may be made in the de-
tails of operation and in the construction-and
arrangement of the apparatus employed
without departing from the invention or sac-
rificing any of the advantages thereof.

1,753,228

We claim:

1. The method of bleaching paper pulp
which comprises advancing a substantially
non-fluid and quiescent mass of pulp and
bleaching reagent and agitating the mass pe-
riodically, and discharging the bleached pulp

- continuously. .

9. The method of bleaching paper pulp
which comprises continuously advancing 2
substantially non-fluid and quiescent mass of
pulp and. bleaching reagent, agitating the
mass periodically, and mingling portions of
the bleaching reagent with the mass during
the periods of agitation.

3. The method of bleaching paper pulp
which comprises adding the bleaching re-
agent to the pulp in successive portions, min-
gling the bleaching reagent with the pulp and
advancing the pulp after each successive ad-
dition of the bleaching reagent in a substan-
tially quiescent state.

4."The method of bleaching paper pulp
which comprises adding the %)leaching Te-
agent to the pulp in successive portions,
mingling the bleaching reagent with the pulp
and advancing the pulp after each successive
addition of the bleaching reagent in a sub-
stantially quiescent state, each portion of the
bleaching reagent being such as to be con-
sumed substantially before the successive
portion is added.

5. The method of bleaching paper pulp
which. comprises advancing the pulp contin-
uously through successive relatively quiescent
stages and mingling portions of the bleaching
reagent with the pulp at intervals while the

pulp is advancing.

6. “The method of bleaching paper pulp
which comprises advancing the pulp continu-
ously through successive relatively quiescent
stages and mingling portions of the bleaching
reagent with the pulp at intervals while the
pulp is advancing, each portion of the bleach-
ing agent being such as to be consumed sub-
stantially before the successive portion is
added. .

7. The method of bleaching paper pulp
which comprises advancing the pulp continu-
ously through successive relatively quiescent
stages, mingling portions of the bleaching re-
agent with the pulp at intervals while the
pulp is advancing, and simultaneously sub-

‘Jecting the pulp to the action of a gaseous

medium,

8. The method of bleaching paper pulp
which comprises advancing the pulp contin-
uously through successive relatively quiescent
stages, mingling portions of the bleaching re-
agent with the pulp at intervals while the

pulp is advancing, each portion of the bleach-

ing agent being such as to be consumed sub-
stantially before the successive portion is
added, and simultaneously subjecting the
pulp to the action of a gaseous medium.

9. The method of bleaching paper pulp
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which comprises mechanically conveying the
pulp continuously through successive rela-
tively quiescent stages, mingling portions of
the bleaching reagent with the pulp at inter-
vals while the pulp is advancing, and simul-
taneously subjecting the pulp to the action of
a gaseous medium. . :

10. The method of bleaching paper pulp
which comprises mechanically conveying the
pulp continuously. through successive rela-
tively quiescent stages, mingling portions of
the bleaching reagent with the pulp at inter-
vals while the pulp is advancing, each portion
of the bleaching agent being such as to be
consumed substantially before the successive
portions is added, and simultaneously sub-
jecting the pulp to the action of a gaseous
medium. ‘

11. The method of bleaching paper pulp
which comprises advancing the pulp con-
tinuously through successive relatively
quiescent stages, mingling portions of the
bleaching reagent with the pulp at intervals
while the pulp is advancing, washing the

5 pulp and subjecting it to a final bleaching

_ operation.

"12. The method of bleaching paper pulp
which comprises advancing the pulp continu-
ously through successive relatively quiescent
stages, mingling portions of the bleaching re-

‘agent with the pulp at intervals while the

pulp is advancing, each portion of the bleach-

 ing reagent being such as to be consumed sub-

35

stantially before the successive portion is
added, washing the pulp and subjecting it to
a final bleaching operation.

13. The method: of bleaching paper pulp
which comprises advancing the pulp continu-

" ously through successive relatively quiescent

" 40

45

stages, mingling portions of the bleaching re-

‘agent with the pulp at intervals while the

pulp is advancing simultaneously subject-
ing the pulp to the action of 2 gaseous
medium, washing
to a final bleaching operation.

14. Apparatus for bleaching pulp com-
prising ‘a plurality of bleaching chambers,

means in each chamber to convey the pulp

5

ing chamber and simultaneously to agitate
the pulp, means to introduce successive por-
tions of a bleaching reagent to the pulp, and
means to supply a gaseous medium to the
pulp simultaneously with the transfer
thereof .

17. Apparatus for bleaching pulp compris-
ing a plurality of bleaching chambers, means
in each chamber to convey the pulp bodily
therethrough, means at the end of each cham-
ber to transfer the pulp to the succeeding
chamber and simultaneously to agitate the

- pulp, means to introduce successive portions
of a bleaching reagent to the pulp, and means
to wash the products of the bleaching reac-
tion from the pulp after it leaves the final
chamber.

18. Apparatus for bleaching pulp com-
prising a plurality of bleaching chambers,
means in each chamber to convey the pulp
bodily therethrough, means at the end of each
chamber to transfer the pulp to the succeed-
ing chamber and simultaneously to agitate
the pulp, means to introduce successive por-
tions of a bleaching reagent to the pulp,
means to wash the products of the bleaching
reaction from the pulp after it leaves the final
chamber, and means for subjecting the pulp
to further bleaching.

19. Apparatus for bleaching pulp compris-
ing a plurality of bleaching chambers, me-
chanically actuated means in each chamber
to convey the pulp bodily therethrough, and
means at the end of each chamber to transfer

"the pulp to the succeeding chamber and
simultaneously to agitate the pulp.

In testimony whereof we affix our sig-

natures.
ROBERT B. WOLF.
RAYMOND P. HILL.

the pulp, and subjecting it

bodily therethrough, and means at the end -

of each chamber to transfer the pulp to the

. succeeding chamber and simultaneously to -

30

agitate the pulp.

15. Apparatus for bleachinﬁ pulp compris-
ing a plurality of bleaching chambers, means
in each chamber to convey the fpulp bodily
therethrough, means at the end of each cham-
ber to transfer the pulp to the succeeding
chamber and simultaneously to agitate the
pulp, and means to introduce successive por-
tions of a bleaching reagent to the pulp.

16. Apparatus for bleaching pulp compris-
inga pluralit{;)f-bleaching chambers, means
in each chamber to convey the pulp bodily
therethrough, means at the end of each
chamber to transfer the pulp to the succeed-
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