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UNITED STATES 

1,959,902 

PATENT OFFICE 
1959,902 

METHOD OF DISNTEGRATING 
CELLULOS IC MATERAL 

George Holmes Carnahan, New York, N. Y., as 
signor to Intercontinental Rubber Company, 
Wilmington, Del, a corporation of Delaware 

Application October 28, 193, Serial No. 571,515 
2 Claims. 

This invention relates to an improved method 
for grinding, beating, etc., and is an improvement 
On present methods of rod mill and ball mill grind 
ing and beating operations, etc. 

Heretofore the common types of rod mills and 
hall mills intended for the grinding or beating of 
Wet material suspended in or admixed with Water, 
have been of the water-tight type of construction. 
That is, the rod mill or ball mill has been of 
Cylindrical or Similar shape and has contained 
the charge of rods or balls and also the charge 
of material to be ground, or beaten, or otherwise 
disintegrated, admixed with the water in which 
the material has been suspended. The feed to the 
ball mill or rod mill has ordinarily been at one 
end and the discharge at the other, and the entire 
charge of balls or rods and of the material being 
ground or otherwise disintegrated or treated has 
been Supported by the rod mill or ball mill itself. 
The present invention provides an improved 

method of operating a ball mill or rod mill which 
is not a water-tight container, but which is made 
of a cage-like construction and which is mounted 
3nd arranged to operate submerged in the mate 
rial to be disintegrated, beaten or otherwise 
treated. 

Instead of making the ball mill or rod mill in 
the form of a water-tight cylinder or similar con 
tainer, with inlet and outlet at its ends, I make 
the cylinder or similar container for the rods or 
balls in the form of a cage through which the 
liquid materials can readily pass, and I submerge 
the cage in a tank or receptacle containing the 
materials to be disintegrated or ground or beaten. 
Thereby the weight of the liquid material to be 
ground or otherwise treated does not require to 
be Supported by the Supports of the revolving cage, 
and even the weight of the rods or balls is less 
than they would otherwise be because they oper 
ate Submerged in the liquid, and the cage is only 
required to Support the Weight of the rods or balls 
less the weight of a corresponding volume of the 
liquid displaced thereby. The cages can accord 
ingly be made of much lighter construction, with 
resulting simplification and cheapening of the 
construction, and other advantages, such as those 
hereinafter pointed out. 
The charge or body or circulating stream of the 

material to be ground or disintegrated or other 
wise treated is contained in a tank or receptacle 
Or trough in which the cage-like structure is ar 
ranged and . adapted to revolve. The arrange 
ment is such that the cage-like structure is either. 
completely immersed in the liquid body or is at 
least immersed to the level to which the rods or 

(C. 92-20) 

balls are raised, so that the rods or balls Operate 
submerged, without being lifted into the air and 
dropped back into the liquid body. In this Way, 
aeration of the material being treated can be pre 
vented, and the grinding or disintegrating action 
confined beneath the surface of the liquid body. 

60 

The present invention is of more or less general 
application to the grinding, disintegration, beat 
ing, etc. of various materials which require Such 
treatment while suspended in or immersed in a 
liquid medium such as water. For grinding min 
eral materials, or hard materials, hard Surfaced 
grinding elements such as metal rods or balls, or 
fint pebbles, etc., will be employed; but it is 
particularly advantageous for such purposes as 
the beating of pulp, etc., to employ rubber covered 
grinding elements, and particularly rubber COV 
ered metal balls with metal centers made of heavy 
metals or alloys such as lead or lead alloys, SO 
that the balls will have a weight several times that 
of the Water displaced thereby. 
The present invention is of special value and 

application in the treatment of paper pulp, as a 
Substitute for the ordinary beating operation, Or 
as a special treatment for hydrating the pulp, or 
for disintegrating partly cooked woods to produce 
pulp therefrom. In the beating and hydration of 
pulp, the raising of the pulp into the air so that 
air enters the pulp is objectionable, and it is de 
sirable that the hydration of the pulp should be 
accomplished while the pulp is completely im 
mersed beneath the surface of the water. The 
present invention makes possible the beating or 
hydration of paper pulp while maintaining the 
pulp completely immersed in the Water, so that 
neither the pulp nor the grinding elements are 
raised into the air and fall back into the pulp 
body. The tank or receptacle containing the ma 
terial to be disintegrated or otherwise treated 
may have different shapes and sizes. For batch 
operation, a single tank or receptacle can be 
employed, with the cage member containing the 
grinding elements suitably supported therein. 
For continuous operation, such a tank can be 
provided with a continuous feed and a continuous 
discharge; and a series of tanks can be employed 
for a progressive and step-wise treatment of the 
material, with flow from one tank to the next. 
So also, the invention can be carried out in ap 

paratus of the type of the ordinary beaters, COm 
monly employed for beating paper pulp, by elim 
inating the ordinary beater roll, and by placing 
One or more submerged cage-like members with 
grinding elements therein, and providing for the 
circulation of the pulp to be beaten into and Out 
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of Such cage-like members. A plurality of such 
cage-like members, with grinding elements there 
in, can be arranged in the beater, and pulp cir 
culating through the beater can be subjected to 
a Series of Such beating or hydrating treatments. 
Special means may be provided for circulating the 
pulp, or the rotating cage-like members them 
Selves may be provided with means for insuring 
that the pulp will be admitted into the interior 
of such members, and discharged therefrom. 
The cage-like members which contain and Sup 

port the grinding elements may vary in their con 
struction. In some cases they may advanta 
geously be made of a series of rods or bars ar 
ranged in the general form of a cylinder, and 
Suitably supported at their ends by end or head 
members which form the ends of the cylindrical 
cages. Instead of using bars, a series of metal 
plates can be employed; or other construction 
can be used which will permit the free flow of the 
liquid material therethrough into and out of the 
charge of balls or rods contained in the cage-like 
member. In conjunction. With the construction of 
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such member, provision may also be made for 
promoting the introduction of the liquid material, 
Such as Scoops or projections which promote the 
inflow of the material at various parts of its rota 
tion. 
The rotation of the cage-like members will tend 

to keep the entire body of material contained in 
the receptacle or tank agitated, with the sus 
pended particles maintained in Suspension; but 
the agitating action of the cage-like members 
can be supplemented by other agitating or cir 
culating members to insure agitation and circu 
lation of the pulp or other material so as to in 
Sure that it will be brought into contact with the 
revolving cage-like members and subjected to 
the grinding or disintegrating or other action of 
the balls or rods contained therein. 
The invention Will be further illustrated and 

described in connection with the accompanying 
drawings in which several modifications of the 
apparatus of the invention are illustrated which 
are adapted to carry out the improved process of 
the invention; but it is intended and will be 
understood that the invention is illustrated there 
by but is not limited thereto: 

Fig. 1 shows one form of construction for the 
cage-like mill or beater of this invention; 
t FigS. 2 and 3 show modified types of construc 
1On; 
FigS. 4 and 5 are enlarged details of grinding 

elements that may be employed; 
Fig. 6 is a detail of Fig. 3; 
Fig. 7 is a paper pulp Hollander using the 

beater of this invention; 
Fig. 8 is a plan view of a modified form of 

Hollander; 
Fig. 9 is an elevation of another modified form 

of Hollander showing a submerged beater; 
Fig. 10 is a section on the line 10-10 of Fig. 9; 
Fig. 11 is an elevation partly in Section of a 

treating tank containing a plurality of beaters; 
Fig. 12 is a plan view of the apparatus shown 

in Fig. 11; 
Fig. 13 shows a series of treating tanks each 

containing a beater; and 
Fig. 14 is a modified form of apparatus contain 

ing a beater. 
The cage-like shell of the mill or beater of 

Fig. 1 is made up of circular end plates 5 held 
together by slats 6. The slats are fastened around 
the circumference of the end-plates and with slats 
two or three inches wide an opening of one inch, 

1,959,902 
for example, is left between each two slats. The 
openings allow liquid to pass in and Out of the 
mill while it is in operation, but these Openings 
are so small that the grinding or disintegrating 
elements inside of the cage will not paSS through 
the openings. Each of the head pieces is advan 
tageously provided with a number of OpeningS in 
dicated at 7 which are also of such a size that 
the grinding elements will not pass through them. 
These openings allow liquid to flow in and Out of 
the beater. 
The cage-like beater shown in Fig. 1 contains 

lips or scoops 8 which are adapted to Scoop up 
liquid and induce a flow of liquid through the mill 
While it is in operation. These lipS or SCOOpS are 
not an essential feature of the mill. 

Fig. 2 shows a cage-like shell of a somewhat 
similar construction, but instead of the head plates 
being connected by slats, the head plates of the 
mill shown in Fig.2 are connected by rods 9. The 
rods may be one inch in diameter, more or less, 
and they may be spaced one inch apart, more Or 
less. When balls two inches in diameter are en 
ployed as the grinding elements, a Space of One 
inch between the rods is Satisfactory. 
These cage-like shells may be constructed of 

wood or any suitable metal. Where metal shells 
are desired and the treatment involves the use of 
a corrosive liquid, a non-corrosive metal is en 
ployed. Wooden head pieces connected by metal 
rods or slats, or metallic head pieces connected by 
wooden rods or slats may be used. 
Any suitable grinding elements may be em 

ployed and the structure of the shell of any mill 
or beater is Suited to the type of grinding element 
used. Balls or rods or elements of irregular shape 
may be employed. 

Fig. 4 is a detail of a ball suitable for use as 
a grinding element. The ball comprises a hard 
metal center 10 and a coating 11 of resilient ma 
terial such as rubber. 

Fig. 5 is a detail of a rod made up of a hard 
metal center 12 and a coating of rubber or other 
resilient material 13. By using Such rubber COW 
ered grinding elements a different sort of squeez 
ing or disintegrating action is produced on the 
material being treated. 

Fig. 3 shows a mill of rigid construction Suit 
able for use with heavy grinding elements and for 
subjecting materials to a severe grinding and 
pounding treatment. The head plates 15 are 
connected by angle irons 16. These angle irons 
may, for example, be 6' x 4' and where balls 3' 
or more in diameter are used, a space of two inches 
or more may be left between adjacent angle irons. 
Scoops 17 similar to the scoop 8 of Fig. 1 are pro 
vided. 
The grinding and Squeezing action produced by 

rubber covered elements produces a different ef 
fect from that produced by elements of the same 
shape and weight which have a non-yielding Sur 
face. When rubber covered grinding elements are 
employed as shown in Figs. 4 and 5, it may be 
desirable to cover the inner Surfaces of the mill, 
at least the circumferential Surfaces, with rubber. 
Fig.6 shows a detail of an angle iron 16 which is 
covered with rubber 18. If the end plates of a 
mill constructed as in Fig. 3 are held together 
by angle irons covered with rubber, as in Fig. 6, 
and rubber covered grinding elements are em 
ployed, there is a squeezing and disintegrating 
action between the various elements and also be 
tween the elements and the shell of the still which 
is quite different from the pounding and grinding 
action of the usual ball or tube mills of hard, 
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1,959,902 
rigid construction in which unyielding grinding 
elements are used. The action of rubber covered 
grinding elements in a mill with rubber covered 
Surfaces produces a particularly beneficial action 
On paper pulp stock and the cage-like mills of this 
invention may be employed for treating paper 
pulp. 

Fig. 7 shows a Hollander of a usual type in 
which the beater of this invention is employed 
instead of the usual type of beater. The beater 
20 is composed of a cage-like shell and the inner 
surfaces of the circumference of the shell are 
advantageously covered with a resilient surface, 
Such as rubber and rubber covered balls or tubes 
are advantageously used as grinding elements. 
The Hollander 21 is supplied with pulp in the 
usual way and as the pulp circulates through 
the Hollander it passes into the beater 20 and is 
there subjected to a beating and disintegrating 
action and is simultaneously hydrated. The 
beater is close-fitting, i. e. there is little space 
for the liquid to fioW around the beater and make 
the circuit of the Hollander without passing 
into and through the beater and being Subjected 
to beating and disintegration therein. As the 
beater rotates it carries treated pulp up and Over 
the neck 22 on to the back-fall 23. The whole 
apparatus is advantageously covered as shown in 
part at 24. 

Fig. 8 shows a plan view of a Hollander which 
contains two beaters 25. In front of each of the 
beaters are baffles or deflection plates 26 which 
tend to prevent short circuiting of the pulp by 
passage around the beater and through the Hol 
lander without entering the beater and being Sub 
jected to the beating and disintegrating action 
which this is intended to provide. 

Fig. 9 shows a Hollander with a beater 27 of 
the type contemplated by this invention and the 
beater is submerged in the pulp. As the pulp 
circulates through the Hollander it is subjected 
to the beating or disintegrating action of the 
beater 27 without being brought into contact with 
the atmosphere inside of the beater 27. The 
beater causes a flow of the pulp through the 
Hollander up over the neck 28. As the flow of 
pulp above the beater is away from the neck 
instead of toward it, due to the direction of rota 
tion of the upper portion of the beater, there is 
no danger of the pulp short-circuiting above the 
submerged beater. The pulp circulates through 
the beater and is lifted by the beater up above 
the neck and it is subjected to a grinding and 
disintegrating action in the beater without being 
brought into contact with the atmosphere. 

Fig. 11 shows a tank 30 which comprises a plu 
rality of beaters 31. The pulp or other material 
to be treated enters the tank through the spout 
32. The beaters may all be rotated in the same 
direction or adjacent beaters may be rotated in 
opposite directions, as indicated by the arrows. 
Bafiles or deflection plates 33 are advantageously 
provided to direct the liquid into the beaters 
and prevent its being short-circuited around 
them. The pulp or other material is first sub 
jected to treatment in one beater and then it 
passes through the next beater and is subjected 
to further treatment therein, and then passes 
to the other beaters in succession. By the time 
it is passed entirely through the tank 30, which 
may contain any number of beaters desired, it 
has been thoroughly treated and is drawn off 
through the line 34, or if further treatment is 
desired, a part or all of the material can be re 
circulated through the line 35 by means of the 

pump 36 and be reintroduced into the tank 
through the spout 32. The tank may be oper 
ated as a batch proposition or by gradually 
introducing pulp or other material through the 
spout 32 and gradually discharging it through the 
line 34, a continuous operation may be carried out 
With or Without recirculation through the line 
35. 
The level of the material being treated is con 

trolled by the weir 37. This is made up of slats 
placed in the grooves 38, and the height of the 
Weir is controlled by the number of Slats em 
ployed. By increasing the number of slats the 
beaters can be submerged or by reducing the num 
ber of slats the height of the liquor can be 
lessened. The height of the liquid in the tanks 
can be controlled as desired by increasing or de 
creasing the number of Slats in the Weir 37. 

Fig. 13 shows a modified arrangement adapted 
for treating pulp or other material in a number 
of beaters in series. The material to be treated 
enters the tank 40 from the pipe 41. In the tank 
is a beater 42 which is positioned longitudinally 
in the tank. Some of the material enters the 
beater through the holes 43 in the end plate and 
Some is discharged through the holes 43' in 
the other end plate and also between the slats 
in the circumference of the beater. In a mill or 
beater used in this manner, it may be advanta 
geous to provide Inlany perforations in the end 
plates. Deflection plates 44 are provided to direct 
the liquid toward the openings in the head plate 
and to prevent its passing around the drum with 
out being subjected to treatment therein. After 
being treated in the tank 40 the pulp is discharged 
through the pipe 46 into the next tank of the 
series where the treatment is repeated. Any de 
sired number of tanks may be employed in the 
series. The same treatment may be repeated in 
each tank, or by heating or adding chemicals or 
otherwise influencing the treatment in any one 
or more of the tanks in the series, different treat 
ments may be effected. 

Fig. 14 shows an arrangement of apparatus for 
effecting positive circulation of the pulp, etc. by 
means of an air-lift device. In this apparatus, 
shown in transverse vertical section, the tank 50 
has the rotatable cage 51 containing grinding ele 
ments near the bottom of the tank, with a par 
tition 52 extending from the cage upwardly but 
terminating below the normal liquid level. An 
air-lift circulating device is provided on One side 
of the partition, made up of a perforated pipe 
53 surrounded by a canvas covering 54 and Sup 
plied by compressed gas through supply pipe 55 
having control valve 56 therein. 
The arrangement is such that when compressed 

gas is supplied to the pipe 53 it escapes through 
the canvas covering 54 in the form of fine bub 
bles which rise through the liquid and cause an 
active circulation of liquid upwardly with the gas 
and over the top of the partitions 52 and down 
the other side. The cage 51 is located close to 
the bottom which is rounded to conform gener 
ally to the shape of the cage, and the partition 
52 also extends close to the cage, so that there 
is little space left for the circulation of the pulp 
except through the perforated cage where the 
material contained in suspension is subjected to 
the grinding or disintegrating or hydrating ac 
tion of the grinding elements. The grinding, etc. 
action within the rotating cage and due to the 
grinding elements therein, is exerted on material 
which is kept in circulation, so that different parts 
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of the material in suspension are progressively 
Subjected to the grinding action. 
The arrangement shown in Fig. 14 with the 

cage at the bottom of the tank, permitS heavier 
or coarser or larger pieces or particles in Suspen 
sion to be preferentially ground, since the heavier 
particles tend to settle more readily and to re 
main at the bottom where they are subjected to 
continued or repeated treatment, while the finer 
and lighter particles rise more readily with the 
rising and circulating liquid. A combined disin 
tegration and classification of finer particles is 
thus possible, e. g. for grinding and classifying 
Ores, minerals, etc. a. 
The provision of an air-lift device for promot 

ing circulation enables the material to be treated 
with gas or subjected to aeration where this is 
desired. The finely divided air will aerate the 
liquid through which it passes, and it may form 
a froth and promote removal of Selected constit 
uents by flotation. The air will escape at the top 
of the apparatus and the liquid passing down 
again for further disintegration in the rotating 
cage tube or ball mill will be free from entrained 
air, so that the aeration can be effected Without 
interfering with the ball mill operation. 
The apparatus of Fig. 14 is adapted for either 

batch or continuous operation. For batch opera 
tion, the same batch Of material Will be Subjected 
to grinding or disintegration or hydration, etc. in 
a progressive manner, with circulation and recir 
culation of the material through the cage grind 
ing mill. For continuous operation this action is 
supplemented by a continuous feed of fresh ma 
terial and a continuous discharge of disintegrated 
or ground or hydrated material. With the inlet 
at one end and the discharge at the other, the 
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material during its progress through the appa 
ratus is repeatedly recirculated in a generally 
spiral or helical path, with repeated Subjection 
to the action of the disintegrating elements dur 
ing its repeated passages through the disintegrat 
ing body of such elements. 

I claim: 
1. The method of disintegrating cellulosic ma 

terial which comprises maintaining a body of ma 
terial to be disintegrated suspended in a liquid 
medium, maintaining disintegrating elements in 
said suspension of material, repeatedly lifting 
said disintegrating elements in Said Suspension 
and permitting them to fall back upon each other 
to cause a disintegration of the material, and 
maintaining the liquid medium in the disintegrat 
ing Zone at a level above that at which the dis 
integrating elements are lifted, whereby splash 
ing and the resulting aeration of the cellulosic 
material is avoided and the disintegrating takes 
place wholly beneath the surface of the liquid. 

2. The method of disintegrating cellulosic ma 
terial which comprises maintaining a body of ma 
terial to be disintegrated suspended in a liquid 
medium, maintaining disintegrating elements 100 
having resilient Surfaces in Said Suspension of 
material, repeatedly lifting said disintegrating 
elements in said suspension and permitting them 
to fall back upon each other to cause a disinte 
gration of the material, and maintaining the 105 
liquid medium in the disintegrating zone at a 
level above that at which the disintegrating ele 
ments are lifted, whereby Splashing and the re 
Sulting aeration of the cellulosic material is 
avoided and the disintegrating takes place wholly 
beneath the Surface of the liquid. 

GEORGE HOLMES CARNAHAN. 
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