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ABSTRACT 0F THE DISCLGSURE 

Herein is disclosed apparatus for treating particulate 
matter in a liquid vehicle into formed shapes. A receptacle 
is provided in which the particulate matter and liquid 
vehicle is fed. Within the receptacle there is maintained a 
foraminous former through which a vacuum is drawn so 
as to cause the deposition of particulate material thereon. 

The invention here disclosed relates to the art of pulp 
moulding or accretion and, more particularly, to the accre 
tion of articles wherein the fiber or other particulate mat 
ter is deliberately varied during accretion, to a pre 
arranged pattern. 

Specifically, the present invention is concerned with the 
production of thick walled tubular liquid ñlter elements or 
cartridges. 
The prior art manufacture of filter cartridges has, for 

example, closely followed the disclosures in U.S. Patents 
2,539,767 and 2,539,768 to Anderson wherein a slurry of 
fibrous material is prepared and deposited in a tank and 
therein to be accreted on a shaped foraminous forming 
device. It has been found impractical by such methods to 
provide a structure wherein the density of the filter 
(whether expressed in grams/ cc. or in terms of pore size) 
could -be varied by control of the accreting process, from ` 
one point to another in the depth of the object as it was 
built up. While there is a graduation in density, taken 
from the inner to the outer, or bark, surface of practically 
all accreted material. Such graduation is inherent in the 
process as ñber piles on fiber and the available accreting 
pressure differential lessens as the deposit grows thicker 
and larger in circumference. The graduation is inevitably 
to a more and more open structure and has proved sub 
stantially uncontrollable. Further, under the prior art 
methods, it has been impractical to change from one fiber 
to another, during accretion without moving the forami 
nous former yfrom its slurry bath to another such bath and 
causing a parting line, between successive fiber layers. 
Additionally, under this prior art process, it has not been 
practical to accurately control the weight of the accre 
tion. 

In at least one patent, Pall U.S. 3,158,532, an attempt 
was made to vary pore size in a body of fiber deposited 
from a fiber bearing slurry. Pall describes the use of pro 
grammed mixing pumps to continuously combine two or 
more slurries, each containing different fibers and ena 
bling him in some undisclosed way, to form thin sheets 
from mixed fibers, the sheets having a maximum thick 
ness of 3.5 mm. (just over 1/s"). This process is in fact 
a form of batch paper making, in which a variably mixed 
stock is delivered to a screen. The process, regardless of 
the unknown fiber retaining arrangement, has a similarity 
to Anderson in that Pall discloses a continuous flow of a 
uniform fiber-bearing slurry, albeit the fibers being of 
varying sizes, indiscriminantly to the place where forming 
occurs. 

In the prior art processes, as exemplified by Anderson 
and Pall, no attention is given to feeding the slurry or 
slurries to the point where the particulate matter is sepa 
rated, from its vehicle, nor to the tank size nor to the 
volume of slurry in the tank. We have, however, found 
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the factors of tank size, the volume of fluid therein, con 
trol of slurry supply to such tank and control of the liquid 
level therein of the utmost importance. When these criti 
cal factors are properly manipulated, in the manufacture 
of thick-walled tubular structures, one may readily pro 
duce items of uniquely governed weight, fiber content and 
pore size, which latter may be increased or decreased as 
desired, while accretion proceeds. 
The objects of the invention comprehend: 
(a) Affording a method of and apparatus for control 

ling the density of accretion throughout the thickness of 
the article so made; 

(b) Providing a novel method of and apparatus for 
controlling the weight of an accretion; 

(c) Providing apparatus wherein the deposition of the 
components of an article being accreted may be stopped 
and restarted at will, without deleterious effect on the 
work in process; 

(d) Providing novel apparatus and methods whereby 
the components of an accretion may be changed during 
their deposition, and wherein such change may be grad 
ual, affording no clear line of transition or, alternatively, 
the change may be quite abrupt but without involving a 
tendency to delamination; 

(e) Affording a novel mode of accretion whereby an 
article made of a single fiber (eg. cotton linters) may be 
so manipulated that the resulting object exhibits varying 
characteristics through the depth of deposition and where 
in those characteristics conform to a pre-arranged pattern; 

(f) Providing a novel form of accretor apparatus, sim 
plifying such devices and permitting easy and effectrve 
control of the accretion process. 
How these and other objects, not specifically set forth 

above, may be attained will become apparent from the 
following specification the appended drawings, of which: 

YFIG. l is a schematic diagram of one form of apparatus 
suited to the accretion of filter elements; 
FIG. 2 shows a modified and more versatile form of 

the apparatus of FIG. l; 
FIG. 3 is a schematic diagram showing the fiber dis 

tribution through a partial section of a thick~walled tubu 
lar filter element of the “depth filter” type; 
FIGS. 4 to 7 are similar to FIG. 3 but show other dis 

tributions of the components of accretions made accord 
ing to this disclosure. 

Before proceeding, it should be understood that “slurry” 
refers to particulate matter and a liquid vehicle in a con 
centration suitable for accretion; while “stock” refers to 
any other concentration, usually with a lower liquid to 
solids ratio, such as may be held the stock chests of FIG. 
1, whose function will later be explained. The distinction 
is arbitrary but convenient. Further, the term “preform” 
refers to the accreted article made in accordance with 
this inventiOn prior to complete drying curing and final 
finishing. “Former” “arbor” or “formaninous mould” as 
used herein is that mechanisms have one or more bodies 
or portions on which the fibrous material is formed or 
deposited and may be of any shape, size Or construction. 
While the present invention is disclosed with reference 
to the manufacture of cylindrical filter bodies, it will be 
clear that conical bodies such as cups, hats, radio speak 
ers; rectangular bodies such as boxes, and containers, and 
shaped bodies of any description can be made by t‘he 
process by merely changing the cylindrical “former” into 
a “fOrmer” of the desired shape and size. 
The present method comprises an accretion cycle of 

various steps to be discussed at length, However, ‘briefly 
such cycle comprises the sequential preparation and feed 
ing of sufficient fibrous material and the forming of a 
body or number of bodies in predetermined and timed 
relationship. Both the descriptiOn of the method and the 
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apparatus herein discloses the accretion of a singular 
body. It will be clear, however, that the principles of 
preparation, feeding and accretion can be applied to the 
formation of a plurality of bodies simultaneous on a 
former Or formers so provided by mere adherence to 
the feeding of predetermined quantities, in timed rela 
tionship and with the controlled forming step all as dis 
closed in length herein. 

Initially, one or more stocks of different fiber char 
acteristics are provided. Such stocks can be made by 
any of the known prior art processes and may preferably 
consists of a fibrous material, beaten and/or fibrated 
into separate and distinct fibers, mixed with a liquid ve 
hicle. Normally the vehicle is water, although other fluids 
such as alcohol may be used. The number and kinds of 
stocks will depend upon the type of accretion desired 
and the differing characteristics may be either in size, 
type or nature of the fibers, or the forms of treatment 
given the fiber which may render it different from other 
forms of the same fibers. Reference will be made, later 
on, specifically to one or more of FIG. 3 of which show 
various accretions of different fiber content. 

In the second step of the present method an amount 
of stock containing a predetermined amount of fiber is 
metered from the stock reserve. It is preferred that this 
metered Iamount is stored separately, or that at least for 
some time during the process its separation from the 
larger stock is distinct. The amount of each fiber metered 
is predetermined to conform substantially to the amount 
of that fiber which will 'be required to form a particular 
body or “preform” step. It will be understood, of course, 
that if only one fiber is desired, for the “preform” only 
one stock will be so metered and if two fibers are desired, 
two stocks will ‘be metered in predetermined amounts 
proportionate to the amount each fiber desired in the 
finished product, and so on. Furthermore, the total 
amount of fiber metered will also conform substantially 
to the total amount of fibers for the “preform” and 
utilized in the accretion step. 

In the third step, each metered amount of slurry is 
fed in predetermined sequence to an accretion fitting 
tank. This sequence, of course, depends on the type and 
product desired but essentially requires that the fiber 
desired to be accreted or fetted first, is fed first, the re 
maining fibers being fed ad seriatum, It is also possible 
at this point, to mix either the whole or a portion of each 
of the slurries with any of the other slurries, to obtain 
a desired mixture. This, however, is not necessarily to be 
preferred, since such mixture can be more economically 
made in other ways. It is to be understood, however, that ' 
the slurries are to be preferably fed ad seriatum, the ad 
vantage of which will be apparent elsewhere in this de 
scription. It is also possible to feed the successive slurries 
with a gap or hiatus of indefinite length between them. As 
will be seen with regard to the description of the accre- ‘ 
tion step, such an hiatus is not harmful to the accretion 
and contrary to all the teaching of the prior art processes, 
does not result in lamination, separation faces or other 
disadvantageous structural defects between layers of the 
different fibers. In the preferred mode of practicing my 
invention, the tank, is a terminous for a slurry-bearing 
conduit and is shaped to conveniently house the former 
(or mould) on which the accretable material is deposited. 
It is made only as large as needed to ensure the smooth 
fiow of slurry from its entrance to the tank to the former, 
and baffies or other flow distributing means may be used 
to further that end. The tank is also preferably connected 
to a source of a slurry-compatible liquid, this liquid may 
very conveniently be spent slurry. One may use a much 
larger tank than the minimal size above described, but 
the latter is very preferable as it offers advantages unique 
in the art, as will become apparent on reading further. 
The felting tank wherein the final step occurs, need not 

be of spectacularly different construction from that known 
in the prior art, although in the following description, we 
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show a tank which has distinctly novel structural features. 
The tank, however, is preferably of a relative size much 
smaller than those used heretofore, and will hereafter be . 
referred to as a “small” tank. The “small” tank is prefer 
ably of a size to hold only the slurry and an additional 
amount of carrier fiuid sufficient to keep the fibers in even 
random suspension therein and to maintain a sufficient 
pressure differential, vaccum differential or other differen 
tial for the successful felting operation. It will be appre 
ciated, that the exact size of the tank cannot be stated, 
since it depends on the final size of the accreted body or 
bodies, the amount of slurry being fed to it, the rate at 
which it is fed and the rate at which accretion takes place. 
It is to be preferred that with all of these factors, as well 
as any other which may apply, taken into account the tank, 
should be as small as could be in which at most, only 
sufficient fibers may be maintained to complete a single 
cycle of accretion. The way in which the small tank is 
most advantageously used is as follows, and here it should 
be borne in mind that it is highly desirable to maintain the 
former (and the developing accretion) submerged in 
liquid from the beginning to the end of the operating cycle. 
A former of a convenient type is inserted in the tank and 
connected to a suitable drainage pipe (eg. a suction con- _ 
nection to a pump), the tank is then filled with sufiicient 
liquid to submerge the former. The liquid may be slurry, 
spent slurry or other compatible liquid. When the former 
is completely submerged, suction is applied thereto and, 
simultaneously, the previously metered quantity of slurry 
is fed to the tank at a convenient rate, if for any reason 
that rate is insufficient to keep the former submerged, 
then other clear liquid is fed to the tank to accomplish 
that end. It will now be apparent that with the small tank, 
individual slurries, in amounts proportionate to the de 
sired amount of material in the accretion, can be succes 
sively and selectively supplied and that maintainence of 
submergence of the former, by feeding a clear liquid to 
the tank, as desired, permits all of a separate predetermined 
quantity of one accretable material to be deposited before 
feeding the next material which is then accreted onto the 
first layer, without transfer of the former from one tank 
to another and without the creation of a bark or laminar 
face beween successive layers of accreted material. 

Further, it is possible to feed a second fiber slurry to 
the tank while at least some of the first fiber slurry is 
still in the tank. The resultant accretion will have a layer 
in which the two fibers are interlaced for a strong non 
laminar bond. As will be further explained, numerous 
variations are possible. 
The accretion proceeds with successive slurries until 

the last slurry is substantially exhausted, leaving the tank 
with a completed accretion and a quantity of practically 
clear liquid. At this stage, the “preform” may be removed, 
or prior thereto, treated with resin or other fixatives, sub 
sequently cut, shaped, dried or treated in any of the 
numerous prior art methods for finishing accretions. 

Having thus briefly described the method of the present 
invention we now describe suitable apparatus for practic 
ing this method. In the description of the apparatus further 
and greater detail of various methods step will be given. 
It is to be understood that the description of the appara 
tus is not to be necessarily taken as limiting of the inven 
tion since other and equivalent apparatus may be useful. 

FIG. 1 shows such apparatus wherewith thick-walled 
tubular filter elements may be made, comprising two dif 
ferent materials or materials with different characteristics, 
e.g. two fibers, one coarse and one fine or one of long 
length and one of short length distributed in a predeter 
mined arrangement, such as that indicated in FIG. 3, 
which shows at any point, the proportion of one fiber to 
another. Referring to FIG. 3 starting at the inner surface, 
the solid line shows 100% of fine fibers and no coarse 
ones, then, at a short distance radically outward the dep 
osition of coarse fibers beings and increases steadily while 
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the quantity of line ones decreases until, at the outer or 
“bark” surface, the liber content is wholly coarse. 

Returning to FIG. 1, a stock chest 10 is provided to 
hold a relatively large indefinite amount of a stock of 
coarse fibers A, in a suitable liquid vehicle, e.g. water; 
this stock is hereafter on account of the fibers, called 
stock A. A second stock chest 12 is provided to hold a 
similar supply of fine libers B, in a suitable liquid vehicle 
Which is hereinafter called stock B. A pipe 13, with a 
control valve 14, affords means of discharging stock A 
into a tank 16 and a similarly arranged valve 18 in pipe 
17 serves to discharge stock B into tank 20; these valves 
may be controlled manually or by any other means as 
is most desirable. Tanks 16 and 20, as hereinafter de 
scribed, unlike chests A and B, are equipped to hold 
specific metered amounts of slurries. A pipe 22 leads from 
tank 16 to tank 20 and flow therethrough is controlled 
by a valve means comprising a shutolf valve 24 and/ or an 
adjustable liow regulating valve 25. Another pipe 26 leads, 
via a flexible portion 28, to the accretion tank 30 and 
valve means 24’ and 25’ similar to valve 24 and 25 con 
trol fluid ñow tank 20 to the accretion tank 30. It should 
be noted that the valve 24’ is located at some distance 
below tank 20 and alfords a small chamber 32 having a 
purpose that will be later explained. Agitators of any 
desirable type, as indicated at 34 and 34’ are preferably 
installed in tanks 16 and 20. 
To accompany the metered supply tanks 16 and 20, 

provided an accretor different from that shown in the 
aforementioned Anderson patent. This tank is preferable 
although not absolutely essential to the operation of the 
present invention. The accretor 30 comprises lixed base 
36 which may be carried on or over a catch basin 38 
having a drainage duct 40. A suction pipe 42 leads to 
a source of subatmosphere pressure, such as an evacuat 
ing pump (not shown) and flow through pipe 42 is con 
trolled by a valve 42'. A forarninous mould or former 
44, of any suitable construction for the objects to be 
accreted, is secured to the pipe 42. In the embodiment 
of the invention here exemplified, the former would be 
a foraminous metallic tube of a diameter similar to the 
inside diameter of the thick-walled tube to be accreted 
and would be furnished with a pair of lianges 46 and 48 
wherewith the end faces of the accretion (indicated by 
broken lines 50) would be delined. The upper flange 48 
should be easily separable from the former 44 to permit 
removal of the accretion 50. Additionally, the accretor 
30 comprises a cylindrical shell 52 which is supported 
(by any convenient means, not shown) on and readily 
removable from the base 3‘6, the joint between the parts 
is preferably sealed by an O-ring gasket~54, although other 
types of gaskets are quite suitable. 
The shell S2 is encircled by a distributor or duct S6 

to which one end of the flexible hose 28 is attached via 
connection 58. A series of ports 60 affords access between 
the said duct and the interior cavity '62, described by base 
36 and shell 52. The ports 60 are, in the present instance, 
located at about midheight of the part to be accreted. A 
hollow substantially cylindrical 64 baffle, which may be 
a sheet metal tube, is carried on brackets such as those 
indicated at 66 to form a concentric wall about the ac 
cretion. The baffle 64 prevents incoming slurry impinging 
directly on the accretion 50 and, at the same time, evenly 
distributes such slurry over the length of the former 44 
and affords a uniform distribution of accretable matter 
thereon. 
A second connection 68 is provided for the attachment 

of a flexible line 70 which extends to a valve 72 for 
supplying a slurry-compatible fluid, e.g. water or spent 
slurry. Water may also be supplied to tanks 116 and 20 
by valves 74 and 76 respectively. Water level sensors 
or probes, as indicated schematically at 78, 80‘ and 82 
are provided in the tanks 16 and 20 and accretor 30` 
respectively. Generally similar probes 84, 86 and 88 are 
provided to respond to the slurry level in the said tanks 
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and accretor. These probes are used in controlling the 
slurry levels in the receptacles concerned in order to 
insure consistent metering. “Controlling” as used here 
may mean giving a suitable signal calling for the manual 
operation of the various valves or may mean regulation 
of power driven means which operate them. All of the 
probes are preferably vertically adjustable in their re 
ceptacles. 
The operation of the present method and apparatus 

begins with the filling of the accretor 30 with an amount 
of suitable clear liquid, water for instance, supplied 
through pipe 70. Suction is applied through former 44, 
on which the accretion is to be built through pipe 42 
and valve 42’. Meanwhile, a predetermined amount of 
each stock, which in total is suliicient only for one ac 
creting cycle, is fed into tanks 16 and 20` from stock 
chests A and B. The slurries are subsequently delivered 
to accretor 30 by selective operation of valves 2S and 
25’ via pipe 28. The operation of valves 25 and 25’ permit 
the selective, controlled and variable sequential time and 
rate of ñow of separate or combined slurries to the ac 
cretor 30. ¢ 

The total amount of liquid and slurry in accretor 30 
is, of course, easily controllable through input valves 72 
and drain valve 311, as lwell as flow valves 25 and 25’ as 
well as suction valve 41. For example, if valves 25 and 
25’ are set to allow twice as much slurry to ñow from 
tank 20, in a given time, as flow into it from tank 1'6, 
the initial material discharged into pipe 28 will be 100% 
of slurry B but with the llow of slurry A from tank 16 
to tank 20 the proportions will change continously dur 
ing the cycle and linally become substantially 100% 
slurry A. An accretion such as shown in FIG. 3 would 
result from such manipulation. Adjustment of relative 
flow rates or of the ratio of quantities of slurries in the 
tanks can be used to vary the fiber distribution in an 
inlinite number of patterns of which FIGS. 3-7 are il 
lustrious. 

In prior art practice the former, such as 44, is im 
mersed into a slurry bath and withdrawn when suli‘icient 
material has been accreted; here, instead, the former 44 
is placed in an empty tank immersed in the bath of clear 
fluid and a pre-metered, pre~controlled slurry (both in 
timing consistency and flow rate) is fed into the bath. 
As the quantity of slurry fed to the bath is only sufficient 
for one accretion cycle, which is preferably continued 
by the- application of suction until substantially all ac 
cretable material is deposited on the former, the process 
provides articles of very closely controlled weight and 
size and internal conñguration. During the final moment 
of accretion, when the tanks 16 and 20 have been emp 
tied, water, introduced via valve 22, will keep the bath 
in the accretor 3 up to its minimum level and the ac 
cretion wet. 
When accretion is complete and the fibers in the ac 

cretor 30 have been deposited on former 44, all fluids 
are cut-off and the accretor 30 drained through valve 31. 
Thereafter, the shell 52 along with baffle 64 and, if de 
sired, 48, may be raised by any convenient means well 
known to those skilled in art to alford access to the ac 
cretion 50` for its removal and subsequent treatment. 

Alternatively, the former 44 may be elevated from 
the bath after accretion is complete also by means well 
known in the art but the lirst mentioned method is pre 
ferred as it makes it possible to rid the accretion of all 
excess fluid before moving it; this greatly reduces the 
danger of crackin-g or of sloughing off some of the libers. 

Referring now to the chamber 32 at the base of tank 
20; it is proportioned to insure that there will be enough 
undiluted slurry B to make the zone liber indicated at 
90 in FIG. 3 which zone, being on the inner face of a 
radial inward flow cartridge determines its density rat 
ing. The same result may be achieved by opening valve 
24’ ahead of valve 24 but this, generally speaking, is 
not quite so convenient as the use of a chamber such as 
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62 because it entails close timing of the valves. If, how 
ever, it is desired to make the single fiber of consider 
able volume it may then be more convenient to utilize 
valve timing as a control. A diagram of such an accretion 
is shown in FIG. 4, and would be of interest where a 
fluid being filtered had a large proportion of particles 
close to the minimum size to be removed. The examples 
of controlled graded density covered by FIGS. 3 and 4 
show novel structures that are quite easily made by using 
the relatively small accreting tank to which the ma 
terial to be used is supplied in controlled quantities at 
whatever rate may be convenient in accordance with this 
disclosure. 
As earlier mentioned, probes are fitted to the tanks 

16 and 20 and to accretor 30. They may be used to con 
trol slurry and other fiuid levels and such use will now 
be explained. In accretor 30` the slurry probe 88 con 
trols the slurry valves 24 and 24’ so as to maintain 
the slurry level at a convenient height so long as the 
supply (for one cycle) lasts. The fluid probe 82 which , 
controls valve 72 is set somewhat lower than the slurry 
probe 88 but above the top of the former 44 so as to 
maintain a level of fluid which will prevent the accretion 
from going dry at an inappropriate time. In the tanks 
16 and 20 the slurry probes 84 and 86 serve to control 
the stock chest valves 14 and 18 respectively so that 
only a predetermined amount of slurry will be fed to 
each tank. The fluid level probes 74 and 80 are arranged 
to control fluid level valves 74 and 76 respectively; their 
provision is not essential but either may be used to 
dilute the slurry in its associated tank. Having a given 
slurry charge in a tank, the duration of feed toward 
the accretor, for a given fiow rate valve setting, may 
be extended by adding a diluent which will reduce the 
accretable material flow rate; in effect dilution may be 
used to effect a fine feed rate adjustment. Additionally, 
fluid may be used for cleaning the tanks and accretor. 
The apparatus of FIG. 2 is essentially that of FIG. 1 

which has been changed in the material feeding com 
ponents to enable structures such as those schematical 
ly shown in FIGS. 5, 6 and 7 to be made, as well as 
those previously described. 

This is accomplished by providing a third slurry C 
and cross-overs and by-pass conduits as further explained. 
With this apparatus the structure of FIG. 5 for example 
may be made with an initial layer of fibers A followed 
by an abrupt change to a layer of fiber B to which, 
after a period of time, is gradually added an increasing 
quantity of fibers A. This provides a filter having larger 
exit area with fibers A than is afforded by the dimen- l, 
sionally similar devices of FIGS. 3 and 4, and offers 
a lower resistance to fiow if all other things are equal. 
FIG. 6 shows a construction also possible using the 
apparatus of FIG. 2 wherein relatively physically weak 
filtering fibers of differing finenesses, indicated by A 
and B, which are arranged and accreted similarly to those 
of FIG. 3, are protected (i.e. clad) by an inner and outer 
layer of physically strong fibers indicated by C which 
may, or may not, as is most convenient, have filtering 
functions, but which do provide mechanical support. 
FIG. 7 shows another structure having three components 
aranged sequentially with abrupt changes from one ma 
terial to the next. 

Turning specifically to FIG. 2; the parts which are 
common to FIG. l have like numbers and functions. 
The tank 16, for receiving slurry A, is arranged for 
its contents to be passed through tank 20 for selective 
blending with slurry B (as earlier described) or to be 
passed around tank 20, via shut-off and fiow regulating 
valves 24b and 25b and line 92 to line 26 below valves 
24a and 25a. The quantity of slurry A passed through 
line 92 is controllable; a stand-pipe 94 is located within 
tank 16a, it has a valve 96 adjacent the bottom of the 
said tank which may be opened or closed by a link 98 
and is shown open in the drawings. At the top of the 
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stand-pipe 94 is a vertically adjustable sleeve 100. If only 
a relatively small portion of slurry A is to be fed around 
tank 20, the valve 96 will be closed and sleeve 100 set 
at a suitable height below the upper level of the slurry 
A so that only the slurry above the top of the said sleeve 
may pass into the stand pipe 94 and through it to line 
92. If valve 96 is open substantially all the contents of 
tank 16a may be fed to line 92 and thence direct to 
accretor 30. It would, of course, be possible to omit 
stand~pipe 94 and valve 96 entirely and control the 
fiow through line 92 by manipulating valves 24b and 
25h. A third stock chest, similar to stock chests 10 and 
12, 102, is provided which holds a slurry of other fibers 
C and which is hereinafter called slurry C. Also pro 
vided is a third tank 16b which is preferably a duplicate 
of tank 16a and is similarly equipped with stand-pipe 
94a, valve 96a valve control link 98a and vertically 
adjustable sleeve 100rz. Tank 1611 is also connected into 
the system in the same way as is tank 16a, which is 
done by pipe 22a leading into tank 20` and by line 92a 
leading into line 26; fiow through these is controllable, 
as before, by shut-off valves 24C and 24d which are 
used in conjunction with fiow rate regulating valves 
25e and 25a’. Slurry C is fed, in desired amounts, to tank 
16!) through pipe 104 and valve 106. A pair of vertical 
ly adjustable level sensing probes is furnished, one, 108, 
being responsive to water level and arranged to control 
water valve 110, the other probe, 112, being sensitive 
to the slurry level and arranged to control valve 106. 

Apparatus of FIG. 2. Outline of operation. As already 
said, this is essentially the device of FIG. l, modified to 
handle a third slurry C, and to permit or to avoid the 
blending processes earlier described. If used for making 
articles according to FIGS. 3 and 4, operation would 
preferably be exactly as has been explained, without using 
valves 241) and 25k and tank 16h with its associated gear. 
To make the structure of FIG. 5, for example, the accretor 
30 would be filled with water and after suction had been 
turned on by opening valve 42’ a sufficient amount of 
slurry A would `be passed down line 92 to the accretor 
to make the inner zone of coarse fiber, the amount being 
controlled by use of the stand-pipe adjusting sleeve 100. 
After the slurry A so fed to the accretor had been deposited 
onto the former 44, slurry B together with slurry A would 
be fed to the accretor in the manner described to make a 
less abrupt transition from coarse to fine fibers than that 
indicated in FIG. 5 it vwould only be necessary to initiate 
slurry fiow from tank 20 before the supply of slurry fed 
via line 92 was entirely accreted. Timing and relative bow 
rates would govern the extent of the zone of transition 
from one fiber to the other. To make the previously de 
scribed article of FIG. 6, stock chest 10 would contain a 
slurry of coarse fibers A, stock chest 12 would have a 
slurry of fine fibers B 'While stock chest 102 would hold 
slurry C of the strong fibers required, and suitable charges 
of each slurry would be fed into tanks 16a, 20 and 16h 
respectively. As in the previous cases, the accretor 30 
would be filled with water fed through valve 72 to the level 
limited by probe 82 and suction turned on to former 44 
by opening valve 42'. Next, with controlling valve 25d 
adjusted for a convenient fiow rate, valve 24d would be 
opened for a period sufficient to pass into the accretor 30 
the quantity of slurry needed to make the inner zone of 
strong fibers C. The valve 24d would then be closed and 
when all of the material just fed to the accretor had been 
deposited into the former 44 the valves 24, 25, 24a and 
25a controlling the accretion of slurries A and B would 
be manipulated as earlier described in connection with 
FIG. 3. When all of the materials of the two latter slurries 
had been accreted, the remainder of the contents of tank 
16b would be directed to the accretor to deposit the outer 
layer of strong fibers C; on completion of this step the 
water valve 72 would be closed, the accretor drain 31 
would be opened; thereafter the shell 52 with its associated 
baffie would be raised clear to permit removal of the ac 
cretion subsequent to closing valve 42’. 
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Reference to FIG. 7 will show that it comprises three 

layers or zones of different fibers with abrupt transitions 
from one zone to the next. In making this, the three tanks 
16a, 20 and 16b would each receive, from their respective 
stock chests, sufficient of the slurries for one accreting 
cycle. After the accretor 30 has been ñlled with water, 
which will be maintained at a desired level by the probe 
82 controlling valve 72, suction may be applied to former 
`44 by opening valve y412’. Then, with valve 96a open, 
shut-off 24d ywill be opened to allow slurry C to pass to 
the accretor. When all of fibers C have been deposited 
onto former 44, the ̀ shut-off valve 24a may be opened and 
slurry B passed to the accretor and, after that stage of 
accretion is finished, slurry A may pass through valve 96 
and, with shut-off valve 24b opened, proceed through line 
92 and on to the accretor to the zone of fiber A. Valve 
72, under the control of probe 82, will prevent the fluid 
level in the accretor falling below a desired height. The 
accretion will not go dry during the process even though 
there may be an appreciable lapse of time between ending 
the accretion of one fiber Iand starting to accrete the next. 
While there is, in this case, no blending of fibers, as in the 
case of the article of FIG. 3, there will be no tendency to 
`delamination as the fibers during the operation will main 
tain the structure on their outer surface which is char 
acteristic of them throughout the whole body. Only if the 
surface were allowed to go dry would there be an area 
prone to delamination. 
As earlier explained, stock and iiuid probes 78, 80, 84 

and 86 may control the quantity of contents in tanks 1‘6 
and 20 admitted for a single charge and a liquid diluent 
may be used as desired. These features have at least two 
commercially important aspects. In prior art practice, it 
has been customary to hold the stock in the stock chests 
and in the accreting tank at the same liquid to material 
ratio. As the liquid to accretable material ratio is very 
large, the tanks used have been of great size. However, 
in the present instance, the stock in the chests may be rela 
tively concentrated; this reduces the size of the chests 
necessary. The liquid diluent needed may be introduced 
into the tanks 16 and 20 to obtain the optimum concen 
tration and then after passing through the former (44), 
having a volume needed for only one accretion cycle may 
be held for reuse. The size of tanks 1‘6 and 20 are, as said 
only large enough to hold slurry for one accreting cycle, 
the accretor merely holds sufiicient slurry, at any moment, 
to keep fluid ñow velocities down to a reasonable figure. 
Thus the equipment need only be a fraction of the size of 
the conventional structures. By these means, it is implicit 
that the invention effects great savings in equipment, space 
and the strength of the structures in which they are housed. 
There is also possible a great savings of liquid, us-ually 
water, and, Where resin impregnation is practiced con 
current with accretion, there is a great economy as it is 
substantially all recycled. Additionally, as the quantity of 
resin used in the recycling process is relatively small, little 
is lost by agin-g. 
The following examples are included to demonstrate the 

operation of the present process and apparatus and the 
various results obtainable. It will be noted that all the 
objects and advantages previously enumerated as well as 
some not enumerated are here exposed. 

EXAMPLE 1 

In the following example, filter cartridges of the in 
vention were made by mixing fine and coarse über slurries 
in progressively changing ratios and adding portions `of 
these mixes to the small felting tank, during felting, to be 
deposited responsively. A 
Control cartridges were also made from the gross mix 

ture of the fine and coarse slurries, using conventional 
methods, for comparsion. 
The example illustrates that the conventional large felt 

ing tank cannot responsively deposit chahging stock ratios 
in the accreting felt, While the small tank can. The ex 
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ample also demonstrates that the method of the invention 
holds the felt weights of the cartridges more closely; that 
it forms a more precise filter; and that the dirt holding of 
the filter cartridge (and therefore its life) is greatly in 
creased. 
The stock formulation was, on a dry basis by weight, 

Percent 
Hercules SFP fiber _______________________ __ 25.0 

Alberni kraft ____________________________ __ 3.5 

40 denier rayon __________________________ __ 71.5 

100.0 
Hercules SFP (Hercules, Wilmington, Del.) is a mod 

ified 2nd cut cotton linter fiber 12 to 16 microns in diam 
eter and 2 to 6 mm. long. Its use in this proportion makes 
a 30 to 40 micron filter. The Alberni is a West Canada 
unbleached kraft fiber 15 to 20 microns in diameter and 
3 to 8 mm. long. The kraft gives the fibrous composition 
“green” strength. The 40 denier viscose rayon is 55 to 65 
microns in diameter, and Áwas cut in the paper makers 
beater to 6 to 12 mm. before use. This coarse ñber pro 
vides good flow and dirt holding in the final cartridge. 
The control cartridges A were made in a conventional 

felting tank operating at 0.6% consistency. The tank was 
4 by 4 by 4 feet and was filled to a depth of 3% feet, Le., 
420 gallons. The felting tool was a perforated metal 
mandrel one inch in diameter and 12 inches long. End 
flanges of the felted cartridge diameter were set eleven 
inches apart on the mandrel. The tool was lowered, with 
vacuum applied, for 35 seconds into the stock slurry. This 
period of accretion had been established as giving the de 
sired dry weight felt of 160 grams. Pour cartridges made 
weighed 165.5, 145.8, 155.0 and 159.5 grams respectively. 
This variance is typical and represents one of the prob 
lems of pulp molding. It is particularly troublesome when 
the preform being made is to be molded in solid dies. 
The dried cartridges were impregnated with phenolic 

resin, 39-42% resin dry basis, cured and trimmed to the 
final shape, 9% inches long and 2% inches in diameter. 
This cartridge is ñowed from the outside to the inside 
with the effluent «passing lout through the one which hold 
in the center. The cartridges were given standard tests 
as shown in the chart below. 
The improved cartridges B of the invention were felted 

on the same perforated metal mandrel with the end flanges 
set as before. The conventional felting tank, however, was 
not used. Instead, apparatus of the type previously de 
scribed and shown in FIGS. 1 and 2 was used. A cylinder~ 
was set over the felting tool to contain the slurry. This cyl 
inder was 9 inches in diameter and 24 inches high. A 
drilled circular tube was fastened to the inside bottom of 
the cylinder to permit water to be brought in smoothly 
during felting. In addition, a one inch vane or baffle was 
taken up the inside of the cylinder to stop the swirl caused 
by the ̀ water addition. 

40 grams of Hercules SFP, dry basis, at 0.25% con 
sistency was weighed into a bucket. 120 grams, dry basis, 
of 40 denier rayon 95% to Alberni kraft 5% at 0.4% 
consistency was weighed into another bucket. The buckets 
were provided with stirrers. At the start of the felting two 
quarts of fine stock were added to the cylinder which con 
tained enough water to cover the felting mandrel. The 
water flow into the cylinder was regulated to keep the 
mandrel submerged. A quart of coarse stock was added 
to the fine stock bucket. After mixing took place, a quart 
of the mix was added to the cylinder. Another quart of 
coarse stock was added to the “fine” bucket, etc. As this 
procedure `was followed, the stock in the coarse bucket 
was used up and the stock in the “line” bucket became 
more and more coarse. These changes were reproduced in 
the fibers deposited in the accreting felt. The first layer of 
the cartridge, the ñlter bottom, was wholly fine fiber, with 
no intrusion of coarse. As the felt thickened it became 
richer in the coarse fiber. Thus the filter bottom is made to 
a precise formula of filter fibers, while the outer layers of 
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the cartridge are opened especially to allow coarse dirt 
to enter. It will be recognized that in the ordinary process, 
as disclosed by the aforementioned Anderson patent, 
coarse and fine fibers deposit together in the filter bottom 
so that a wide variety of uncontrolled pore sizes is created. 
This same mix of coarse and fine is accreted in the outer 
layers, thus reducing pore size desired at the point that 
coarse dirt should enter. 
The cartridges made by this method was felted slowly, 

taking two minutes. This was done deliberately so that the 
cylinder cleared of stock between each addition. This spac 
ing of the additions with clear water flow proved that the 
layers of fiber went on the cartridge in exactly the ratio 
in which they were mixed. However, since the felt was 
never allowed to break water or go dry, no part lines were 
introduced; i.e., fiber interlacing was continuous. 

Several cartridges were made. The dry weights were 
158.0, 160.3, 159.8 and 161.4 grams. This improvement in 
holding the weight uniform cornes from the method of 
metering or weighing out the slurries, and then felting 
all the fiber which was weighed out. The cartridges were 
impregnated, cured, finished and tested. 
As an additional control experiment, the large conven 

tional felting tank was filled with clear water and the same 
bucket addition of pulp carried out. It proved to take 
hours to completely clear the tank of fiber, but it was 
found that felting beyond eight minutes produced no addi 
tional benefits, so that the completed cartridges in fact 
averaged in characteristics to those in the cartridge A. 
The cartridges were tested as follows. They were U 

thoroughly wet out by pumping for 5 minutes at 1/2 gallon 
per minute in distilled water. Two grams of glass beads 
dispersed in two liters of distilled water (one gram of 
Superbrite glass beads #380 and one of # 150 as made by 
Minnesota Mining and Manufacturing Co. of St. Paul, 
Minn.) were passed through the cartridge followed by a 
rinse of one liter of water. The three liters were then 
filtered through an 0.8 micron membrane filter and the 
beads caught sized under the microscope. The largest 
bead present in considerable amounts is rated Nominal 
and the largest bead seen is rated Maximum. The fiow 
pressure drop curve, corrected for housing loss, was run. 
The cartridges were then tested for dirt holding. Each 
cartridge was fiowed at 3 gallons per minute, while Ari 
zona Coarse dust (in slurry form) was added at the 
rate of 5 grams per minute. The cartridge is rated plugged 
when the pressure drop increases by 20 p.s.i. 

Arizona Coarse Dust is supplied by the A.C. Spark 
Plug Division of General Motors Corp., Flint, Mich. The 
particle size is: 

Microns: Weight percent 
0-5 ___________________________________ __ 12 

5-10 __________________________________ __ 12 

1 0-20 _________________________________ _ _ 14 

20-40 _________________________________ __ 23 

40-80 _________________________________ __ 30 

80-200 ________________________________ __ 9 

TEST RESULTS 

Flow, Degree of filtration 
g.p.m (microns) Dirt 

at ---------- -- holding 

Cartridge p.s 1 Nominal Maximum (grams) 

A-e0nventional__ ........ _ _ 11.3 35 55 80 

B-of invention __________ _ _ 11. ö 31 3G 170 

C-dilute, large tank ..... _. 10. 8 40 60 90 

It is evident from this data that cartridge B, as made 
by the invention, had the best `filter bottom, both for de 
gree of filtration and spread between nominal and maxi 
mum. This is to be expected because it is made without 
intrusion of coarse fibers. Again, cartridge B is improved 
in respect to dirt holding because the larger fibers placed 
on the outside allow the coarse dirt to enter and thus stave 
off the time at which the fiow stopping filter cake forms. 

10 

40 
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In summary, the weight of the cartridge has been more 

closely controlled, the precision of filtration has been im 
proved and the dirt holding greatly increased. 

EXAMPLE 2 

The method of the present invention makes it possible 
to manipulate the structure of the cylindrical filter car 
tridge of Example 1 to improve fiow. The dense 1/s" layer 
at the inner diameter or downstream side of the cartridge 
accounts for about half of the pressure drop in the clean 
cartridge. 1f this layer is moved to the center of the filter 
wall, its area is increased approximately three times. This 
means that the total pressure drop can be decreased by 
about one-third, without changing the degree of filtration. 
The following example illustrates this technique. 

Stock additions follow the general procedures of Ex 
ample 1, except that half of the coarse stock is felted out 
at the start to provide the base on which the increased 
area fine filter layer is laid. 
The fiber mixes were the same as in Example 1, with 

40 grams of Hercules SFP, dry basis, at 0.25% consist 
ency weighed into the “fine” bucket. Sixty (60) grams, 
dry basis of the 40 denier 95% Alberni kraft 5% mix at 
0.2% consistency were weighed into the “coarse” bucket. 
Water fiow was regulated to the felting cylinder to keep 
the felting mandrel submerged during the felting cycle. 

Sixty (60) grams, dry basis, of the rayon Alberni mix 
were run into the cylinder' and felted out. Two quarts of 
fine stock were next added to the cylinder and felted. One 
quart of coarse stock was then transferred to the “fine” 
bucket, with stirring, and another quart added to the 
cylinder, etc. (procedure as in Example l). The final fibers 
deposited on the outside of the cartridge were coarse. 
The cartridge was dried, impregnated, cured, finished 

and tested as in Example 1. 

TEST RESULTS 

Flow, Degree of filtration 
gpm. (microns) Dirt 

at 1 »- -------- -- holding 

Cartridge p.s.i.l Nominal Maximum (grams) 

Example 1, B eartridge_.___ 11. 3 31 3G 17() 
This example cartridge- _. _ _ 14. 5 31 37 130 

1 Corrected for housing loss. 

The expected increase in fiow is obtained. Since there 
is now less cartridge wall outside the fine filter layer, it 
is understandable that dirt holding should be decreased. 
The new cartridge would represent an improvement for 
lubricating oil service where good fiow is desired, and the 
dirt load is usually low. 
When the cartridge of the example was sawed into thin 

slices and these examined in transmitted light, the fine 
filter layer midway in the wall could readily be seen. 

Similar manipulation of fibers can be used to surface 
pulp moldings to improve their appearance. 

EXAMPLE 3 

The cartridge of the invention, as made in Example 1, 
was felted slowly, and the small felting tank, which was 
supplied with water to cover the felting mandrel, was 
allowed to go clear between stock additions. The fine 
stock, Hercules SFP, gave 30-35 micron filtration and 
the coarse stock, Á10-denier rayon, 95% to Alberni kraft 
5%, gives 160-180 micron filtration. The mixes as made 
and felted, therefore, gave a i‘stair step” pattern in pore 
size in the accreted cartridge. 

If the stock additions are made more rapidiy, when 
substantially all the stock has felted out, but before the 
water has cleared, the steps will be “rounded” but other~ 
wise the same. The cartridge made will be essentially the 
same, therefore, but much more rapid felting can be 
carried out. 
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Accordingly, Cartridge B of Example 1 was rerun, with 
the stock additions made after 70-90% of the previous 
addition had been felted out. This brought the felting 
time from two minutes down to 45 seconds. The cylinder 
was lifted from the cartridge, i.e., the tank was drained 
while 10% of the last addition had not been felted out. 

' TEST RESULTS 

Degree of filtration FlOW, 
gpm. (microns) Dirt 

Cartridge p.s.i.1 Nominal Maximum (grams) 

Example 1, B cartridge_--.. 11. 3 31 36 170 
This example cartridgc_ __.. 11.5 31 38 200 

1 Corrected for housing loss. 

The results show that fast felting gives essentially the 
same cartridge. 

EXAMPLE 4 

This example illustrates the method of the invention 
operated with continuous mixing of coarse and line ñbers, 
and continuous ilow to the small felting tank, using the 
apparatus of FIG. l. 
The tank was 4a cylinder 19 inches high and 7 inches in 

diameter. The inner baille was 10% inches high and 6 
inches in diameter. The felting mandrel was perforated 
metal, 12 inches long and 1 inch in diameter. The end 
flanges were set 10 inches apart. This assembly was placed 
symmetrically in relation to the baille. 
As FIG. 1 shows, the iiber slurry was fed to the mid 

section of the small tank through four inlets. The ilow 
then splits, half going up over the top of the baille, and 
half going down and under it to felt. 
The llbers of Example l were used. The line iiber was 

40 grams of Hercules SFP in 12 -gallons of water. This 
was placed in Container B of FIG. 1. The coarse liber 
was 40 denier rayon 95% Alberni kraft 5%. One hundred 
twenty (-120) grams of this mix in 12 gallons of water 
was placed in Container A. Flow rates were adjusted so 
that the outlet to B was flowing at twice the rate of the 
outlet to A, i.e., the containers A and B Went dry at the 
same time. 

Felting was started with water in a small felting cylinder 
to cover the felting mandrel. Stock was then run in at 
such a rate that no further water addition was required 
to keep the felter submerged. The last of the slurry was 
drained through valve 31 when the felted cartridge broke 
“waten” 
The cartridge, the same in size as made in Example 

l, was felted in 48 seconds, dried, impregnated with resin, 
cured and finished. It tested as a match to Cartridge B of 
Example l which shows the validity of the continuous 
method. 

The felting rate was 0.5 gallon per second or 115 cubic 
inches/second. This flow in the two inch ID pipe from 
Tank B has a velocity of 37 inches per second, and 
through each of the four ports, 9.2 inches per second. 
On entering the larger annular area, lloW drops so 

sharply that it can be assumed that the flow upwards (or 
downwards) around the baille starts simultaneously. 
The ilow which follows the baflle up goes over the 

baille first. That which follows the cylinder wall up must 
cross the annular width at the low annular velocity. This 
brin-gs different stages of the varying mix together, and 
constitutes a miscarriage of the process. This is more 
serious in large than in small tanks. In the table which 
follows, baille dimension is held constant while tank size 
is increased. 

In the following table, We show this example dupli 
cated with tanks of varying diameter to indicate the 
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dimension the “small” tank might take in order to deposit 
sequentially pulp accretion: 

Velocity Extra 
of stock Seconds time 

Cross Annular rise in for stock to cross 
Tank annular area in annulars to reach annular 
diameter distance square in inches / the top distance, 
1n mches in inches inches seconds (5 inches) seconds 

0. 5 10.1 5. 74 0.87 0.88 
1.0 22. 0 2. 62 1. 9 0.30 
1. 5 35. 4 1. 63 3. 1 O. 90 
2.0 50. 4 1.14 4. 4 1. 79 

1l .......... __ 2. 5 66. 7 0.86 5.8 2. 82 
12 __________ __ 3. 0 78. 5 O. 73 6. 8 4. 15 
l5- _ 4. 5 85.0 0. 68 7. 3 6. 60 

7. 0 286. 0 t). 2() 24. 7 31. 84 
7. 5 317. 0 0. 18 27. 5 41.25 
8. 0 353. 0 0. 1G 30. 5 48. 0 

From the table, consider the largest tank shown at 22 
inches in diameter. This is, of course, much smaller, ap 
proximating only 4 cubic feet in volume, than conven~ 
tional felting tanks which run upwards from 64 cubic feet 
for the production of the same type of article. S-tock flow 
which follows the baille will take 30.5 seconds to reach 
the top of the baille and will deposit line iiber on the 
mandrel correctly, phase into coarse liber and be ex 
hausted in 48 seconds, or a total of 78.5 seconds. 

Stoc-k ilow following the cylinder wall will take 30.5 
seconds to reach the top and then 48.8 seconds to cross 
the baille, i.e., it will be delivering iine liber at 79.3 
seconds while the baille directed ilow is coarse. In 
79.34-48=l19.3 seconds it will have phased to coarse 
fiber and will have been exhausted. Intermediate ilow 
points will fall between these extremes. 

This shows that the cartridge will correctly start with 
iine iiber and correctly end with coarse fiber, but the 
mid-range will simply be an averaged mix of coarserand 
iine with the distinctive mixing method of the invention 
essentially blurred out. 
From the table, any tank over 9 inches could be com 

mercially discarded, since even this size increases felting 
time by 4 seconds while putting “1.7 seconds” of blurred 
mixing into the process. The 7 inch tank ís certainly best 
of all those shown and might well be made smaller. 

This simplified treatment neglects eddy currents and 
turbulences which would further disruptively mingle stock 
“distinctions” which are only 0.16 inch per second of 
vertical ilow in the 22 inch diameter tank. They would 
not seriously affect the 5.74 inch height distinctions in 
the 7 inch tank. ' 

EXAMPLE 5 

Sieve iilters tend to form iilter cakes and to plug very 
rapidly with a relatively small dirt load. A graded density 
cartridge separates and segregates dirt according to par 
ticle size and packs it in depth. This prevents the forma 
tion of a ilow impeding filter cake until a high dirt load 
has been accumulated. 

Graded density filters may, however, be mismatched 
to the iluid being iiltered so that their proper life is not 
realized. Thus, if the outer portion of the cartridge is 
not open enough a iilter cake will build there. Or, if the 
outside of the cartridge is too open, the dirt will concen 
trate at the core and shut oil llow. Ideally, the cartridge 
should be constructed for the contaminant which it is 
to remove. 

The following series was run to iind the optimum dirt 
holding for a 27 micron nominal iilter removing Arizona 
coarse dus-t. 

To make the 27 micron iilter “bottom,” the line stock 
was 75% Hercules SFP and 25% Esparto, by weight. 
Esparto llbers are 14 mm. in length and 6 to 10l microns 
in diameter. They, thus act to make a liner iilter than 
straight SFP (which is described in Example 1). 
krThe coarse liber was 95% 40denier rayon 5% Alberni 

aft. 
The line fiber slurry was metered into Tank B, "F{[G. 1, 

and the volume made to 12 gallons. The coarse fiber was 
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put in Tank A and the volume adjusted to 12 gallons. 
Total stock taken, on a dry basis, was 160 grams. 

Felting was carried out as in Example 4. 
The cartridges were finished and tested as described 

in Example 1. The following chart shows the effect of 
varying the proportion of fine stock on the dirt holding. 

_ Degree of filtration 
Dry weight of (microns) Dirt 
fine stock ___-»__ holding 
(grams) Nominal Maximum (grams) 

27. 0 34. 0 112 
26. 5 34. l 164 
2G. 5 34. 5 18E) 
27. 0 34. 0 165 
‘26. 6 34. 0 146 

This shows that the optimum dirt holding for Arizona 
coarse dust was obtained at 40 grams of the tine slurry. 

EXAMPLE 6 

This example illustrates that the method of the in 
vention can be used to program the accretion of one type 
of fiber which has been prepared in different sizes and 
lengths. 
A high rigidity lS-denier viscose rayon fiber was used 

in this demonstration. Such a rigid type of fiber is useful 
in holding a filter mat open and giving good flow. At the 
same time it tends to make the degree of filtration quite 
open. 

It is desired to make a filter retaining as much fiow 
as possible, while bringing the filter to a more acceptable 
micron rating. 
The fiber was slurried with dispersed Alberni kraft, 

using 95% rayon to 5% Alberni. The kraft holds the wet 
fibrous composition together. 'I‘wo (2) parts cationic wet 
strength resin, dry basis, was added to improve the 
strength of the composition after drying and before resina 
tion. The Alberni fiber is described in Example 1. The 
l5 denier rayon was 6 to 9 mm. in length and 32-40 
microns in diameter. 
The slurry was divided, and half was cut in a paper 

maker beater for six minutes. Microscopic examination 
showed that the fiber had been reduced in this process 
to 2-3 millimeters in length, with a certain amount of 
debris formed. The fibers were also more pliable. Car 
tridges were felted out of the original fiber slurry and out 
of a 50 original-50 cut fiber mix using conventional 
methods. Cartridges were also felted, using the method of 
the invention and the apparatus of FIG. 1 with coarse 
fiber in container A and fine fiber in B. The volumes and 
mixing rate were as described in Example 4, with the ratio 
of 50 coarse to 50 cut fibers maintained. 
The cartridges were dried, resin impregnated cured and 

finished as described in Example 1. The test results are 
shown in the following chart. 

Degree of filtration 
Flow (microns) Dirt 
rate, _-_-- holdin 

Cartridge g.p.m.1 Nominal Maximum (grams 

15-dcnier rayon, 
conventional ____________ _. 16. 75 80 95 400 

40 eut-50 uncut, conven 
tional __________________ _. 15. 2 65 60 190 

50 eut-50 uncut method of 
the invention ......... __ _ 14. 9 45 55 280 

l Corrected for housing loss. 

The uncut fiber has made a very open filter cartridge. The 
dirt holding figure is deceptive, since most of the dirt is 
simply going through the cartridge. Cutting the fiber im 
proves the degree of filtration. The method of the in 
vention is seen to make the best blend of the cut fiber, 
both for degree of filtration and dirt holding. 

It it well known to make bowls and trays by pulp mold 
ing and drying preforms which are then molded. Ordinari 
ly, three performs are assembled in the die. The outer pre 
forms are high in resin to give the molding good finish and 
good wear. The center preform is low in resin. This gives 
toughness and low cost. 
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The three preforms require three different size felting 

dies so that they will fit together properly. No matter how 
well they are initially fitted, however, after drying the fit 
is not good. Preforms often wrinkle on assembly and tear 
on molding, thus making rejects. 

In the method of the invention, the three functional 
layers are combined into one preform with no part lines, 
yet changing in composition equivalent to the stacked trays. 
The fitting problem is eliminated. 

It was desired to make a preform for a mixing bowl 
which approximated a half sphere of eight inches in diam 
eter. The felting form was placed at the bottom of a 
cylinder l2 inches in diameter and 14 inches deep and 
supplied with vacuum. A six inch diameter plastic disc was 
fastened centrally one inch below the top of the small felt 
ing tank. The stock slurries were fiowed onto this disc and 
dropped from there into the felting cylinder. 
To make the bowl the apparatus of FIG. 2 was used. 

The surfacing resin-fiber stock was placed in Tank A and 
metered to the top supply tank 16a. The core resin fiber 
stock was placed in Tank B and metered into the lower 
tank 20. 
The top tank was half felted out, using the stand pipe 

system as shown. The feed to the small felting tank was 
then phased over to the core slurry from the lower tank. 
When this slurry was exhausted, the flow was phased back 
to the remainder of the surfacing fiber slurry in tank 16a. 
Tank 16a held the high resin fiber slurry containing 

100 grams (dry basis) at 0.2% consistency: 
Percent 

Cotton linters _______________________________ __ 15 

Bleached kraft _______________________________ __ 25 

Dispersed titanium dioxide _____________________ __ 5 

(One step) phenolic resin powder ______________ __ 55 

Fifty (50) grams of this was felted before the core slurry 
and 50 grams after. The lower tank which held the core 
slurry contained 300 grams (dry basis) of a slurry at 
0.4% consistency. 

Percent 
Cotton linters _______________________________ __ 30 

Unbleached kraft ____________________________ __ 50 

Phenolic resin powder _________________________ __ 20 

This was felted out completely to provide the tough core to 
the mixing bowl. 

After the preform was completed the small felting cyl 
inder was drained and the preform was blanketed. It was 
then removed from the felting screen, using a puff of com 
pressed air. The preform was dried to 3% moisture in a 
150° F. oven and molded at 800 p.s.i. for 5 minutes at 
300° F. A strong, attractively finished bowl was produced. 

It will be recognized that by use of the third tank shown 
in FIG. 2, a third component in resin fiber can be intro 
duced. 

EXAMPLE 8 

This example shows how an improved plenum chamber 
for a car heating system can be pulp molded by the meth 
od of the invention. 
One of the defects of pulp molded die dried articles is 

their rough unattractive finish. This is discussed and a 
solution given in U.S. Pat. 3,253,970. The solution pro 
posed, however, permits peeling and delamination. The 
method of the present invention makes the surfacing fiber 
an integral part of the preform and avoids delamination. 
The plenum chamber was felted in the small tank. It 

was found necessary for this tank to have no more than 15 
times the volume of the accreted felt in order to felt 
rapidly and to deposit the fiber mixes as made. It was 
better if the volume was no more than five times that of 
the felt. On the other hand, two and three inch clearances 
had to be provided beyond the accreting felt so that the 
final fiber would deposit properly. 
The small tank was piped with water, as in Example 1. 
The apparatus of FIG. l was used and the following 
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slurry at 0.15% consistency was metered into the lower 
container. 

Grams 
Northern kraft (dry basis) ___________________ __ 150 
Ground wood ______________________________ __ 20 

Shredded wood _____________________________ __ 20 

Ham-mermilled rag __________________________ __ 40 

The following slurry was metered into the top container 
at 0.1% consistency: 

Grams 
Bleached northern kraft _______________________ __ 35 

Bleached ground wood ________________________ __ 25 

The small felting tank was illled `with water and the water 
tlow adjusted to keep the felting tool submerged. The 
stock from the lower container was brought into the felting 
tank and felted out. As it was used up, the ñnishing stock 
from the top container was phased in and accreted onto 
the preform. All the stock metered was felted out. 
The cylinder was drained and the preform placed in 

heated vented die and dried at 15 p.s.i. It was then dipped 
in lvarnish and baked to provide strength. A great im 
provement in appearance was obtained by the use of the 
finishing liber. 

It may be noted that in press drying a wet preform in 
solid drying dies the weight of the preform is critical. 
Too heavy a preform Iwedges in vertical clearances and 
the molding tools will not close, or the preform tears. 
Too light a preform and the vertical portions of the pre 
form are not pressed. The method of the invention in . 
which all metered ilber is felted is superior to giving the 
exact weight of preform required so that the preform is 
dried and pressed substantially uniformly. 

I claim: 
1. Apparatus for the accretion of fibrous bodies com 

prising a foraminous former member, a receptacle sur 
rounding said former member, a baille member having an 
open top and bottom surrounding said former member 
and spaced from said receptacle, conduit means for con 
ducting liquid stock material to said receptacle, and means 
for the discharge of liquid into said receptacle in a sub 
stantially annular pattern. 

2. Apparatus for the accretion of llbrous bodies com 
prising a foraminous former member, a receptacle sur 
rounding said former member, a baffle member having an 
open top and bottom surrounding said former member 
and spaced from said receptacle, conduit means for con 
ducting liquid stock material to said receptacle, said re 
ceptacle being provided with an encircling duct communi 
cating with said conduit and having at least one port for 
the discharge of said liquid in substantially annular pat 
tern. 

3. Apparatus according to claim 2 wherein said duct 
is provided with a plurality of uniformly spaced ports 
for the discharge of liquid uniformly about said receptacle. 

4. Apparatus for the accretion of fibrous bodies com 
prising a receptacle having at least side walls and a bottom 
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member for containing a foraminous former located with 
in said receptacle, a baille member having an open top 
and bottom surrounding said former and spaced from 
said receptacle, means for supplying said receptacle with 
liquid borne fibrous material and means for discharging 
said liquid between the walls of said receptacle and said 
baille. 

S. Apparatus according to claim 4 wherein said recep 
tacle and said baille are cylindrical in shape. 

6. Apparatus for the accretion of ñbrous bodies com 
prising a receptacle having at least side walls and a separ 
able bottom member, a foraminous former located within 
said receptacle and connected to said bottom member, a 
baflle member having an open top and bottom surround 
ing said former member and spaced from said receptacle, 
means for the withdrawal of liquid through said forami 
nous member and said bottom wall, means for supplying 
liquid borne ñbrous material to said receptacle in a sub 
stantially annular pattern, means for causing liquid to 
flow through said withdrawal conduit and deposit said 
ñbrous material on said former, means for separating 
said former and said bottom wall from said side walls 
on completion of said accretion to remove said body. 

7. Apparatus for the accretion of ilbrous bodies com 
prising a cylindrical receptacle having a bottom member, 
a foraminous former located therein and mounted on 
said bottom member, a cylindrical baille member having 
an open top and bottom surrounding said former and 
spaced from said receptacle, conduit means for supplying 
said receptacle with liquid borne fibrous material, said 
receptacle being provided with an encircling duct com 
municating with said conduit means having at least one 
port for the dicharge of said liquid in a substantially an 
nular pattern between said receptacle and said baille. 

8. The apparatus according to claim 7 including means 
for introducing within said reservoir additional liquid 
or chemical substances. 

9. The apparatus according to claim 7 including means 
for evacuating said receptacle of liquid and for drying 
said accretion. 

10. The apparatus according to claim 7 including means 
for withdrawing liquid at rates proportionate to the 
amount of liquid discharged therein. 
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