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3 Claims.
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(CL 183——114)

i ThlS mventlon relétes toi the eondit'1oning of '

cellulose: fibers: in water-suspension,. for use in
paper-making, namely eitheras pulp: issuing
from .4 digester: that must. be washed ..and
...sereened;. or as:stock supplied: to:a paper-making
‘machine.. Both:such.pulp.and.such.stock.are in-
tended. to be.ceveéred. herein, but:for illustrative
purposes, the invention is-being:described mainly
as applied  to -dilute: stock: supplied. to: &. paper-
making machine: wherein. entrained and: dis-

10.

solved-air: causes objectionable: foaming in.the

head-box . or cylinder -mold- of the paper ma-
“chine; ‘The:¢elimination: of ‘such:air: is:desirable
inasmuch as even small quantities:of it:reaching

the:paper machine: are-liable. to- interfere: with !

the: proper fiber: dispersion. during.sheet’ forma-
tion and to:produce b1ea,ks, ﬂaws, or thm spots
in:the: paper. - :

+ Sovit-is! one: of: the: obJects of this- 1nvent1on

to:devise: 3 method and’ apparatus for continu- 2

ously, rapidly;-effectively and: uniformly: effecting
desgeration’ of the. stock”to an.extent that: the
foam : nuisance is practically’ eliminated.: An-
other: object: is: to  devise ways: and means for
treating. the stock:. to - improve: significantly: its
dramage rate;: that be1ng the charactensmc of
whiIe -OLl" the travehng foramlnous Web or w1re
screen:of the:paper machine:
.ing:ithe drainage rate;, the:traveling screenmay be
runfaster;. giving: a greater rate of: production
of paper of: given-quality;: or’ in view:of the in~
creased drainage rate the starting. stock:may: be

Thus by increas- .

: 2

1ncrease in:the: rate of de-aeration: s redlized- if
the: de-aerating vacuum:has-its:degree or- value
controlled to:lie:within: & natrrow critical range:
In order: to-describe that: rdnge; it is:first -neces~
sary- to point out: that  paper-making: stock is.
maintained ' at-an- elévated: temperature: that is
established ' as’ being: ‘appropriate: to operations
in‘each particular paper mill. - This:témperature
thus varies with different mills so it must:be
takeén into- consideration in- defining. that- criti-
cal range:of the degree:or measure of: vacuum: to
be used; beeguse that:degree of vacuum' under
which- the: stock: suspension will boil at-its-mill
temperature is our beginning point-in measuring
our critical range-of vacuum-to be used: This
point: represeritsithe vapor: pressure of: the-stock

- to-be-de-aerated at its established:temperature:

30

more-dilute than normal thus’ producing a: paper .

of higher quality due to more homogeneous: and

" uniform:fiber ‘distribution. . Indeed, it:is:aniob-

ject:of this'invention.to:make paper faster-and
of:better quality..
~Thisinvention’is based upon the fact that when
stock in dilute suspension‘is o be.de-aerated by
the use.of reducéd pressure or vacuum;, the ¢ellu~
lose fibers in:their-water suspension.must be:in-
jected :into the .reduced pressure. atmosphere: of
a:vacuum tank: as an atomized spray. or mist,
which.descends or settles through the atmosphere
of.the tank.and finally: collects in-a:pool in the
hottom - of “the: tank.. -Due-to. this: fine:state- of
subdivision . during such descent,. a-maximum
quantity of surface;area-of the:particles: is- ex-
posed. to the.vacuum.prior. to their: collection’in
. “the.pool in the tank, -This action is herein re-
. ferred: to generally: as dlsruptlon of ‘the stock
suspensmn
Attamment of at least some of these obJects is
based?upon .our: discovery: that: ‘an: .unexpected

If the teaching:of this-invention is followed, there
can be:removed substantially: all-of the-air from
the.stock-above:the: 0.1 %- by volume that-is- ae=
cepted as being unextractable

‘More- particularly; our discovery is-that: on the
d15rupted stock: to’ be-de-aerated,. there must- be
maintained: as-closely  as practicable;: ar vacuum
in degree such that the pressure of the vacuum
does not-exceed: 0.3 inch- of- mercury pressure
above the absolute vapor pressure (boiling point).
of the:supplied-stock: - As:far: as-praetical oper-
ation is- concerned; deviation.-from- this: limit
seelms to be more critical in an upward-di ctlon
from the 0.3 value than:in-a-downward- d1rect1on
This means: that- it: is- more: critical- to- dev1ate
away from the:vapor pressure than-toward- that
pressurée: -What has-just-been stated- with-re-
gard to this-critical réinge-can:be- visually shown

. on‘a:graph: marked:on-the- ordinate: ‘with- per=

40

45

50

56

centages of air remaining in the stock being: de=
aerated, and on the abscissa the-absolute pres-
sure-of the: vacuum.above. the hoiling:peint-of
the stock:at its'supplied temperature. - ‘The-curve
on’suchia- graph drawn -as-a Tesult-of- tests, pre-
seiits:a 16w and. veryshallow-or- almost ‘herizontal
initial ‘portion.that-merges with -a- steeply rising
poition. The-shallow-portion:comprises-a-meas=
ure-of the:critical-range extending -from-a- be=
ginhing .point-on the: ordinate ‘which represents,
thas: boiling: peint:- So- it-is: & teaching of -this
invention that-the degree ‘of -vacuum-to- be-used
on-the-disrupted stock is:indicated-by-this sh_@l-
low:portion-of-the curve-on:such a-graph; since
that is'the range in which-can be: accomphshed
maximum:de-aeration-at-the:greatest speed:-
-Inthe: pra,ct;me -of : this- mventlon the stock to
be de~-aerated is- supphed to-a;constant level chest
from:whence it flows-to-a: hea.der supplymg a plu-
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rality of the stock-injecting atomizing nozzles
feeding directly into the vacuum tank in which
the level of de-aerated stock is kept constant.
The vacuum in the tank is adjustably maintained
within the critical range of this invention by the
joint effect of a steam jet and a vacuum pump.
A discharge leg together with a discharge pump
removes the de-aerated stock from the pool there-
of in the vacuum tank to the head box of the
paper machine. An automatic control device
maintains constant a desired level of the pool
of de-aerated stock in the tank for insuring a
constant supply head for the discharge pump so
the pump will feed the paper machine at a uni-
form rate. This control device proposed for the
purpose operates in a manner to correct the stock
level by throttling automatically, first one and
then sequentially others of the spray nozzles or
vice versa opening first one and then others.

This invention finds embodiment in a vacuum
tank which is in the form of a horizontal drum
provided with a double row -of .stock-injecting
atomizing nozzles fed from 2 header extending
longitudinally of the tank. The nozzles discharge
into the tank in a downwardly inclined direction
and preferably against impingement faces spaced

. & suitable distance both from the nozzles and
from -the level of the de-aerated stock in the
tank, -

The . best embod1ment of our invention now
known to Us has. been chosen as an example for
illustration; but it is to be understood as being
illustrative and not limiting . because obviously
c¢hanges can be made - therein so long as they do
not depart from the requirements of the appended
claims or of their equivalents. This embodiment
is shown in the accompanying drawings, in which

- Pig. 1 shows semi-diagrammatically an appa-
ratus - arrangement. embodying the . invention
including the improved vacuum tank for the
de-aeration of the stock.
© Fig. 2 is ‘an enlarged side view of the vacuum
tank showing structural details of the improved
vacuum tank 1nclud1ng the arrangement of spray
riozzles.

‘Pigi3isa cross-sectlonal view on the line 3——3
of Pig. 2.

* Fig. 4'is an enlarged perspectlve detail view of
one of the spray nozzles with wall portions thereof
broken away.

~Pig. b isa dlagrammatm view of ‘the apparatus
arrangement of Fig. 1 with: automatic control
means added for maintaining stock levels con-
stant by means of automatically controlled valves.

Fig. 6 is-an enlarged although semi-diagram-
miatic detail view of one of the automatically. con-
trolled valves.

PFig. 7 is a graph showing the critical range of
high vacuum -to be maintained:in the vacuum
tank‘in accordance with this invention.

The apparatus arrangement embodying this
invention is shown semi-diagrammatically in Pig.
1 and comprises an open supply tank or chest 10
containing suspended stock S currently supplied
thereto as is indicated by a connection |1 having
a control valve 12. The: stock level Li in this
tank is to be maintained constant at a suitable
height by controlling the feed thereto.

“From. the tank 10, the stock is supplied to a
vacuum tank or de-aerator {3 to which stock
from chest i0is supplied gravitationally by con-
duit 14 through g control valve 15, leading to and
into one end of a horizontal header I T from which
in turn lead lateral branch conduits 18 to respec-
tive spray- nozzles indicated at {9 which are
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mounted upon the vacuum tank i3 and through
which the stock is injected into the tank. This
tank is in the form of a horizontally extending
drum while header [T extends substantially hori-
zontally to the horizontal axis of that drum. The
stock being injected into this tank (3 is projected

‘onto an'impingement plate 20, hereinafter more

fully described for further disrupting the sprayed

- particles of fiber and water, if they need it.
10

De-aerated stock collects in a pool thereof below
the impingement plate to a certain level Lo and

is -withdrawn from the tank bottom through a

sump 21 by means of a pump 22. A conduit 23
leads from the sump 2f to the inlet end of the
pump, while a conduit 24 provided with a control
valve 25 leads to the head box 26 of a paper-
making machine 27 indicated by its endless screen
band 28.

-The level L1 of the stock in the supply chest
i0 is defined by the height Hi relative to the

‘header {1, while the level Le in the vacuum tank

is. defined by the height H2 above the inlet end
of pump 22. The levels L1 and Lo both are to
be maintained substantially constant through
automatic level control devices hereinafter more
fully described in conjunction with Figs. 5.and 6.
Such level control devices, however, are well-
known and are commercially. available..

The degree of vacuum required according to
this invention is maintained in the tank as by
means of a vacuum pump 29 shown to operate
jointly with and to be boosted by a steam jet 30,
both the pump and the jet operating in seriesin
an exhaust conduit 31.- -A vacuum gauge 32 is
shown for indicating the degree of reduced pres-
sure thus maintained in tank (3 1n terms of mches :
of mercury.

The de-aerating vacuum tank and its 1mmed1-
ate appurtenances, especially the atomizing spray.
nozzles with their supply conduits, and the im-
pingement structure within the tank are shown
in.greater: detail in Figs. 2, 3, and 4. In these
figures the horizontally extending drum-like tank
designated as 13" has a horizontally extending
cylindrical body portion 33 and outwardly convex
end portions 332 and 33P. - The horizontally
extending: feed header for the tank is indicated
as 11’ and-its branch conduits as |8’. . Especially

. Fig. 3 shows that there are provided two rows

of branch conduits extending from the header irn .
opposite directions to supply accordingly two rows
of spray nozzles 191" and 92’. ‘Each of the branch
conduits 18’ has a control valve 34 for controlling
or throttling the supply of stock to the respective
spray nozzles.

- The impingement plates extendmg homzontally
within the tank 13’ is designated as 28’ which is
in the nature of a hollow ridge having a ‘cross~

section resembling an inverted.vV. This structure

presents a pair of outer inclined plates or faces
35 and 36 extending under about 45° against the
vertical or at about 90° with respect to each other,
upon which faces impinge sprays S1 and S of
the stock injected into the tank by the corre-
spondingly disposed rows of nozzles (81’ .and (93"
The distance of the nozzles from these impinge-
ment faces is designated as Di, while the distanée
of the lower horizontal edges of these faces: from
the stock level 1z is designated:as Ds.

The structure of the atomizing spray nozzle is
exemplified in the nozzle unit 37 shown perspec-
tively in Fig. 4 with 'wall portions thereof broken
away to show particularly the internally unoh-
structed nature. thereof.  This nozzle unit has
an inlet neck ‘38 having: a flange connection- 38
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with-a respective branch conduit 8’ and-an out-
let“neck '40~having ‘a flange connection 41 -with
‘the tank. - 'Thé-inlet ‘neck 38 leads tangentially
“into-a body portion which represents an inter-
nally unobstructed swirl-chamber 42, whereas the
outlet neck 40" leads- off from- the center of ‘the
swirl-chamber dand in-a direction at rlght angles
to the direction of the inlet neck.

. Fig.'5-represents’in principle the same appa-
1atus arrangement that is shown!“in Fig. 1,
although more diagrammatic,-and with emphasis
being placed upon the addition of devices for con-
trolling the-Stock levels In-and Ls. That is to
say, there is indicated a stock supply 117, a stoek
chest or tank- 18’’, a-header- 17"/, supplied from
tank 18’ through a conduit 14’7, and a -control
valve 15! The header supplies a vacuum tank
‘+37' through ‘branch conduits 18’ -and mnozzles
19’7 From this vacuum- tank the de-zerated
stock is'withdrawn by way of a sump 21’ through
& conduit 23’ leading to'a pump 22’ whence a
conduit- 24’ throuigh a-valve 25’7 delivers the
stock to a head box 267 of a paper-making
machine 27" indicated by its endless screen band
28", The horizontally extending impingement
structire-although indicated in Fig. 1 and shown
in Figs. 2 and 3, has not been shown in ‘Fig. 5.

In Fig. 5 there is included the showing of & dia=
phragm-actuated valve unit 43 controlled by fluc-

‘tuations of the level Ly and through auxiliary air

pressure, to regulate the supply of stock to the
tank 10* for automatically maintaining the level
‘Ia therein constant. ‘There is indicated relay
mechamsm M;i which is supplied with auxiliary

air 44 at a constant pressure and has operative ¥

connection with a.float 45 having a vertical guide
455, The movemeénts of this' float through mech-
anism-M;j control-air pressure admitted thiough
pipe-45s to the diaphragm chamber of the valve
unit 43 and thereby actuste the valve in a man-
ner to compensate for fluctuation of the level La.
Such level control devices need not be deseribed
‘Ih any greater detail, inasmuch as they are well~
known per se and commercially obtainable.

In order to effeéct the automatic control of level
12 of the pool of de-gerited fibers and de-aerated

Q0

. branch conduits
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water in the vacuum tank 13’/ one or more of the |

spray nozzles are each. provided with an auto-
matically: ‘controlled valve unit similar -to that
provided for the tank (0’’ and shown more fully
in Fig. 6. .In this instance three such valve units
Uy, Uz, and Us are provided for respective spray
nozzies Pi, Ps, and Ps to throttle them individually
While all other nozzlés may be allowed to operate
unchanged ‘at their full capacity. Such dia-
phragm- -controlled valve units are well-known
and. commercially obtamable and the valve unit
exemplified in Fig. 6 is therefore substant1a11y
self-explanatory.. In such a valve unit a dia-
phragm 46 is connected to-a-valve stem 417, and

controlled air pressure 46 is.admitted to a dia-"

phragm chamber 48 and will actuate the valve
stem to open or close the valve through the de-
flection of this diaphragm. The air pressure
above the diaphragm is opposed by the pressure
of a compression coil spring 49 herein termed the
diaphragm spring which surrounds the valve stem
and is confined befween the diaphragm and a
bushing 50 which in turn is threaded into the
frame or yoke 51 of the valve unit. By screwing
this bushing up or down the pressure of the spring
upon the underside of the diaphragm can be ad-

justed, so that the response of the valve unit is-

thereby adjusted to meet the level control require-
ments.

50

55
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- As ‘applied to: the. apparatus . embodying:-this
invention, each of the valve units Ui, Uz, and Us
has its diaphragm spring -adjusted so:that.these
valve units: will respond. sequentially .to respec-
tively stepped-up: auxiliary air pressures.to meet
the demand as dictated by the up:or down:move-
ments:of -a. float 52 with.the fluctuations of the
pulp level Ls.. That.is, the movements of the float
‘52-having -a verticdl guide 52’.influence a Telay
mechanism indicated. at Mz which receives: aux-
iliary: gir 53 at 2 constant: pressure. The mech-
anism :then acts .to :admit consecutively. higher
:actuating air pressures through a header 5§32 and
462 to the diaphragm chiambers
of :the respective valve units Ui, Uz, -and - Us- 80
that they will function seguentially.

.. Por ihstanece; if the demand requires- throttling
down the supply of stock passing to the vdcuum
tank within narrowlimits when all three hogzzles
Pi; Po, and B3 are running at full capacity, then
as a result of .movements of the float only ‘the
first valve unit Uz will réspond within the range
-of its own capacity. If the demand for maintdin-
ing a constant level La requires a further reduc-
tion of stock supply after the fixst valve unit Ua
has fully closed, then the second valve unit Us
will begin to close in response to the movements
or-position of the float, and so on. Vice versa, if
all three ‘valve units Uz, Usg, and Us-should “be
assumed to have been closed, and the demand
is for-increased stock :supply, then the valves will
sequentially ‘'open in accordance with. that ‘de=
mand. In this way, a maximum number of §pray
nozzles is always kept running at their full capac-
ity and therefore at maximum efficiency, that-is
withig maximum force of impingement upon ‘the
impingement faces 35 and 36.

The desired vacuum is maintained in the tank

13’ by a vacuum pump 29’ operating jointly with
or boosted by a steam jet 30’ having a control
valve 301'':in-an exhaust conduit 3{’’ and is indi-
cated by a vacuum - pressure gauge 32''. By
means of the vacuum- pump and the steam jet
there is jointly maintained in the tank 13 or 13"
a vacuum which according to the requiréements
of this:invention should be maintained (as closely
as practicable): at 0.3 inch of mercury pressure
above the:vapor pressure -corresponding to the
temperature -of the supplied stock, the reasons
for ‘this-limitation being presented by the graph
in Fig. 7. That graph shows a concave curve C
taken under stock de-aerating conditions with
the stock being injected and projected into the
vacuum tank against the impingement faces
therein. - This curve has a shallow initial portion

€y extending substantially from point Q: to point

60

i Q2 of that curve, and a steep portion C: extend-

ing from point Qz, points Qi and Q: being points
upon a parallel to the abscissa.
By maintaining the vacuum substantizlly with:

“in a range of pressures corresponding to the range

", €1 or shallow portion of the curve g surprisingly

85

70

k¢

high degree of dé=aeration of the stock is attain-
able: at a rapid ‘rate and with a minimum ¢f
volumetric space required for the vacuiin tank.

A dot-and-dash line curve C’ also shown in the
Fig. 7 graph shows similar or only slightly deviat-
ing conditions as a result of plotting these con-
ditions when no impingement plate was used.

Naturally, the higher the established tempera-
ture of the stock to be de-aerated, the less vac-
uum in terms of total absolute pressure is needed
to reach the critical range thereof and vice versa.
Actual boiling of the stock will produce some re-
frigerating effect which is to be minimized.

4
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- Referring to Fig. 5, the operation is as follows:
. Stock from tank 10’’ flows to the header 171"’
under a head Hi, maintained by the level-control
device Mi. The header distributes the stock to
the various spray nozzles {9’’ as well as to spray
nozzles Pi1, P2, Ps. The supply of stock to nozzles
19’7 is set for their maximum capacity and maxi-
mum stock disrupting efficiency, while nozzles P,

P2, P3 are automatically controlled in sequential
order by the level control device Mz so as to main-
tain the level Ie of de-aerated stock constant.
The automatic control of nozzles P1, P2, P3 by the
device Mz and valves Ui, Uz, Us is such that.as
many of these nozzles as possible operate at their
full capacity, while only one of them is being cor-

rectively regulated. . For example, if a condition
exists where all nozzles Pi, P2, P3 run at their full
capacity, and a rise of level Lz requires throttling
down the stock supply to the tank, then the con-
trol device will automatically effect such throt-
tling, say, upon nozzle Pi1. If the degree of throt-
tling required exceeds the corrective capacity of
nozzle Pi1, then the control device will automati-
cally start throttling down the stock supply to
nozzle Pz, and then similarly the supply to noz-
zle Ps.

Vice versa, if a condition exists where the sup-
ply to all nozzles Pi, P2, P3 is closed, then if a
dropping of level Le requires correction, the con-
trol device Mi through valves Ui, Us, Us will
sequentially open up the supply to these nozzles
depending upon the amount  of correction re-
quired.

Thus the de-aerated stock which continuously
collects in a pool in the tank, is delivered under
a head Hz2 to pump 22’* which in turn delivers
it to head box 26’’ of paper machine 21'’.

All the while the vacuum in tank 13’/ is being
maintained as by the joint suction effect of pump
29’ and ejector 30’ at a value corresponding to
a pressure of about 0.3 inches of mercury (indi-
cated by gauge 32’’) above the absolute vapor
pressure of the stock at the established tempera-~
ture, in order to attain a maximum of de-aera~
tion at a maximum speed.

Such treatment gives the de-aerated stock a
“frozen” appearance in which g thin layer of
water covers the entire surface of the stock in
the head box without any bubbles appearing.
This results in a distinct grouping of the fibers,
which when dispersed give a uniform de-flocked
dispersion and thus an extremely good forma-
tion on the paper machine.

Whereas in the foregoing, reference has been
made to ways and means for treating paper-
making fibers in dilute suspension, called stock
in the foregoing description, this invention is also
applicable to such fibers that are used earlier in
the paper-making process, namely when they are
called pulp after issuance from a digester. Such
pulp requires washing and screening. Such pulp
can be de-aerated to advantage by the use of this
invention since effective - de-aeration improves
the drainage rate of the pulp which in turn in-
creases the capacity of the screen or washer.
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Whereas in the foregoing, dilute paper-making
stock has been described as the material to be
treated for de-aeration thereof, it is to be under~
stood that by the word “dilute” is meant liquid-
suspended solids in any proportion that is fluid
enough to be pumpable, and the paper-making
stock can:comprise any liquid-suspended solids
that are used in the making of paper, the de-
aeration of which solids by this. invention, is
advantageous.

What we claim is:

1. The process of treating paper-making solids
in suspension to effect de-aeration thereof, which
comprises subjecting such suspension while at an
established temperature to a degree. of vacuum
that lies within a range indicated on g curve on
& graph representing on the ordinate the propor-
tions of air left in the suspension -after de-
aeration and on the abscissa the pressure above
the absolute pressure of the boiling point of the
suspension at said temperature, which curve
exhibits an initial shallow portion merging into
a steeply ascending portion whereon the range is
indicated by the shallow portion that extends
from a beginning point corresponding to the boil-
ing point of the suspension at said temperature,
whereupon maximum de-aeration will be accom-
plished.

2. The process of treating paper-making solids
in suspension to effect de-aeration thereof, which
comprises subjecting such suspension while at an
established temperature to a degree of vacuum
that lies in a critical range extending from the
absolute pressure corresponding to the boiling
point to an absolute pressure of ahout 0.3 inch of
mercury above that point.

3. The process of treating paper-making solids
in suspension to effect de-aeration thereof, which
comprises subjecting such suspension while gt an
established temperature to a degree of vacuum
maintained to correspond substantially to an
absolute pressure of 0.3 inch of mercury above
the boiling point of the suspension at that tem-
perature.

CARLETON L. CLARK.
CARLO VICARIO..
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