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35 'used in the familiar laboratory ball mills.

these also are attended by economic disadvain-
tages which are so serious as to entirely prevent
their use in the large sizes desired in commercial

40 .
' pacities needed for commercial operations the jars
45

60

55

‘breakage with consequent losses.
embody the replacement cost of the jar which
- may be substantial in the larger sizes, and the

Patented Nov. 26, 1935

UNITED STATES

2,022,552

PATENT OFFHCE

2,022,552
BALL MELL

Theedere J. Voilkomime er, Pﬂﬁisburgh Pa., as-
signor te The Vitro Mmmaeﬁunng Cempany, N
thtsburgh Pa a. cerpem‘tmn ef Pennsyl--

- vania

Apphee.twn Ja,nua,ry 9 1933 Seua,l No 650, 816

4 Cle,lms

r"‘hJs mventmn relates 1o ball mills.
Enamels, glazes, and the like ma,termls must

be finely ground to prepare them for use, and

this is usually done in ball or pebble mills. These

~materials may be adversely affected by foreign

agents, even in very minute amounts, SO the pre-

vailing practice is to grind against ceramic sur-

faces. In one type of ball mill the lining is

composed of plates or blocks of suitable ceramic
‘material laid with an appropriate mortar.

jointed structures are subject to various serious
disadvantages. _
the mill may weaken the joints, causing the lin-

Ing elements to become loosened or dislodged.
This entails the cost of repairing the lining and
| A more.

serious consequence of the use of jointed linings

the temporary uselessness of the mill.

arises from the practically inevitable containi-
nation of the glaze or the like by the cement in
which the lining is laid. Also, iron, e. g. in the
form of rust, may galnh access to the glaze or
enamel through the joints. Such contamination

is highly undesirable, not only because it causes

specks or spots in the glazed or enamelled prod-

-ucts, but also because the ground product may
In both instances the loss may be:

be oif color.
great, both to user and producer of the color.
These disadvantages accrue whether the lining

1s laid wet or dry, but pe,rtlcularly in the case

of the latter.
It has been proposed to use centmuous oY

~ seamless, linings in order to overcome the fore-
These commonly take the

going dlsadvemegee
form of ceramic ware jars of the general type
But

practice. Being of ceramic material these jars

are brittle, and while their strength is satisfac-

tory in small sizes the fragility increases rapidly
as the capacity of the jars increases. In the ca-

are particularly subject to cracking or complete

batch of material being ground me,y be lost, be-
cause of contamination by dirt, ete. - Frequently

the glazes, etc. are quite valuable, so that this

danger is of substantial 1mporte,nce o
If the walls of these jars are increased in pro-

portion to the increase in capacity, or volume, the -

walls became so thick in the larger sizes that they

cannot be dried and burned, i. e. the thickness

~Such.

~For example, strains set up in
charge.
it -is necessary to. discard the jars prior to the

- pbreakage.

~These losses

(Cl 8..;—9)

~of Wall beuomes SO grea,t tha,t 1t is net poesmle
to manufacture the jars.
~such mills are used the trade has been confined -
‘te jars less than about three feét in diameter, al-

Consequently where

though it wouid be desirable to use larger sizes, 5

Tor obvious reasons of operating economy.

- Moreover, in the use of these ceramic jars the |
wall thickness is reduced by abrasion by the
pebbles or balls used for grinding. Manifestly

this further weakens the jars and such pro- 10

greeswe evosion of the wall greatly enhances the
ete,nger of breekage and consequent loss of the -
Therefore as a prece,uuenery measure .

t:me when they are actually worn out. In cus- 15

'temmy practice safety demands that they be

discarded when the wall thickness has been de-

~creased to about half its original magnitude. Ac-
tually, however, many jars when discarded are =
inherently capable of much longer life, so that 20

this practice involves a substentlel economic loss.
- In addition, the means heretofore used for
mounting the jars for rotation have been unsat- -
isfactory, because it has been necessary to ap-

- ply substantial clamping pressure to the jars, 25

which may set up strains inducing cracking and
Also, the jars are liable to shift out
of center, which throws undue strains on the sup-
porting means and the jars themselves. More~
over, the supporting means used heretofore ren- 30
der it difficult to clean the outside of the jars
and maintain them clean. This is an important

feature in the manufacture of glazes and enamels,- |

particularly those of delicate tints, since the ac-

~ cess of small amounts of impurities may mark- 35

d,..y alter the hue of the ﬁred ‘glaze or enamel,
Tt is ameng the ebJeets of this invention to pro-
vide bell mills having continuous, or seamless,

ceramic ware linings, whereby the materwls be~-
ing ground are nowhere exposed to contamina- 40

tion, which are reinforced to prevent or minimize
cracking and breakage, may be used until the

‘wall has heen worn through by abrasion in use,

may be made of substantially any desired- size
without undue inecrease in wall thickness, are 45
easﬂy cleaned and kept elee,n are relatively in-
expensive and of rugged eonsl,ructwn and Whlch

in their preferred embodiment are p051t1vely held

and mamtamed in ri}ced posmen rela,twe to the
axis of rotation. | 5,07':
The invenition may be desenbed in cennectlon |

with the accompanying drawings; in which Fig.
"1 is a side view, partly in section, of a ball mill

showing the preferred embod1ment of the in-

'Ventlon Fig. 2 a fragmentary enlerged wew of 55
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3 an end vlew of the mill showmg elso the pre- -

a portlon of m111 oasmg shown in Flg 1 ond F1g

_ferred manner of mountlng it for use.

e 15

20

. in effect, as additional wall.
~ there are no joints through which the material
.belng eround is exposed to contammatlon and

~ since the cementitious embedding material is
‘wholly outside of the llnmg the metena,l belng
gmund has no access to it. B

- In accordance with the invention a. monohthm

or seamless ceéramic ware lining is wholly em-. .
bedded in a body of hardened cementitious ma- -
tenol of such thlckness as to reinforce the lin-
ing agamst breakage.
~Imerous dlsadva,nteges of prior ball mills.
decrease in: Wall thlckness of the 11n1ng due to
" abrasion in use is compensated for so that the
useful life of the lining is at least. doubled, since
 breakage at any stage is substantially elimi-
nated and because the mill may be used until the

This overcomes the nu-
- Thus

lining has bheen worn through, the cement acting,

Most smtably such seomless hmngs tz—:tke the

is of reinforced construction.

 jar in its embedding cement body between a pair

- ment stluoture

a0

side -of the. tie rods

and the casing is then filled with suitable hy-
| _drau.lically setting motenal to whol]y embed the-

- Jar and tie rods.

© . Any suitable cementxtlous matena,l may be used

* for this purpose,.such as Portland or other ce-
ment, concrete, gypsum, and the like. Mea,ne are
also provided for keying the embedded structure
in the casing with respect to the end plates, so

~ that the jar is prevented from shifting laterally,

o 55

- tail with reference to the drawings.

A N ‘away from the axis of rotation.
. B0 Where a side wall ‘shell is not used the body
. ‘of cement should be thick enough to permit the

- jar to be safely wom through in use. Such shells,
- however, back up the cementitious materigl in
~ which the jar is embedded, and theu:' use is ad- |
vantageous for this reason. |
- The invention may be described in greater de-

‘The embodi-

- ment shown comprises a ‘hollow ceramic ware

T
| . less, essentially monolithic structure.
. is prowded with a side port 2 provided with aQ
 removable closure 3. The casing shown for pur-
- poses of illustration comprises end plates 4 posi-
tioned at the ends of the jar and connected by tie -

. _rods 5 threaded at their ends to receive nuts 5a.

o ;' 70 B

:.'..:'_Ja'f" i of the type oustomanly used in ball m1lls |

'ThlS is formed in one piece, so the,t it 1s a seam-
The jar

Surroundmg the tie rods is 8 shell 5 Whloh ex-

- tends between the end plates and which may be
formed of any suitable rigid forma,ble material, _'

“The end

. plates are provided with centrally disposed oub-
~ wardly extending trunnlons 7 for supportmg the_,'_'

such as sheet metal, fiber, or the like.

7 ~mill for rotation.

B €35

The jar is mounted 1n the casmg in spooed R
'relotlon thereto end the space between the Jar_

 side face of the ﬂange

‘groove {0 permanent exact axial a,hﬂ*nment is’ ob- o
“tained. Flange 9 acts as a peripheral stop, as .. .
seen in Figs. 1 and 2, which keys the cement bod:f-_-}_ o

in. place

Being monolithic

‘and lateral slippage cannot occur.

- breakage. -

2 022 552

and the oa,stng is entlrely ﬁlled W".‘Lth a cement1--; .

“tious materlal g, as seen in Fig. 1.
~ opening is prov1ded in the shell for port 2 and - -
- its closure 3, .so that the mill can be chorged and,;_-' |

A suitable -

discharged, as shown in Fig. 1.~~~ 5
‘Means are also provided for: retelnlng the shelljf e

and Jjar in fixed position, as by keying the ce- =

.ment body to the end pla,tes
in any of a number of ways, one of Whmh is illus-
trated in Figs. 1 and 2. End plates 4 are pro-

‘This may be done

0

vided with a peripheral inwardly extending flange

9 having a groove 10 formed therein on the in-
Shell 6 is cut with its =~

edges exactly parallel so that when inserted in .- |

Thus the cement body with its em-
bedd d jar is permanently retalned 1n posmon

Closure 8 may be hzald. removably in pomtmn 111

.":e,ny suitakle manner, as by means. associated with
form of monolithic ceramic ware jars of the -

- - usual type, and preferably the cementitious body- :
. The jars may be mounted in g varlety of ways

" for: use as ball mills, for exemple by supportmg the

the casing structure. In the embodiment. shown
in the drawings end plotes ) are provided with -

~lugs {1 for ;eceptlon of a cross bar 12 pI'OVlded 25

with screw means mcLoo,ted oonventzonelly at 13
for opplying pressure to closure 3. The . end

plates may be provided mth ;a,dlal stvengthemng
of end plates provided with outwardly extendmg | o |

trunnions, the end plates being held together by
‘tie rods which extend longltudme,lly of the jar
~and which preferobly are embedded in the ce-~

- mentitious material to provide a reinforced ce-
© In the preferred embodiment
“the J&I‘ 1S eopported in and. spaced from a casing

~ formed of such end plates connected by tie rods - ¢
~ disposed about the jar, and an outer side wall, -
~ or shell, extendmg between the end plates out- "

_rlbs {4, if desired..- | -
As oppems from the drawmgs the meterlo] 33

ground W_tnln the. jar is nowhere exposed  to -
-cement or other co ntomlna,tlng agency, the con- |
struction providing, in effect, a reinforced mono-.

lithic body of whlcn the 1e1nforo1ng materml can-

| _not contact enywhere with the glaze or enamel, 35"‘

ither in grinding or in pe,ssmﬂ“ through port 2.

-._'-The cement body being of substantial thloknese
—and being itself reinforced by tie rods 5, rein- -

“The space between the jar forces the jar adequately agamst cra,oklne' and
Also, by virtue of this strengthemng 40
action the jar may be used until its wall has been B

- worn through- the ebrasvon of the grmdmg ele-

ments, the dange1 of crookmg during the later

| stoges of Wear bemg Wholly, or Iargely, e11m1—

- _whloh cooperates 1o strengthen the remforomg
- cement body It will ‘be clear ‘that as a result
- Jars of any desired capoolty, however large, may
be used in the practice of the invention, so that o
‘the invention not only represses structural disad- 50 S
'. _va,ntages of prior art mills of both types, but also o

—greatly. extends the usefulness of the Seamless

jar type
~shown is easily cleaned, inside and out.

“Also, the constructlon desonbed and

‘The mill provided by the mventlon may: be ar- 55 ; -

.ranged in any suitable manner for rotation. A
| partmula,l ly. desirable mode of mountmg is shown
" in the drawings, in which the mills are mounted
- in tandem to be drlven by a szngle motor
-construction shown comprises a pair of spa,ced 60
A-frames I5 having cross bars 16 which are pro- -
vided with beorlngs (T for stub shafts 18 keyed in '_ f T

~trunnions 1.
. with cross bars 19 which carry a longitudinally =
disposed stiffening plate 20 upon which is mount- 65

‘The A- frames are also provided -

ed a motor 22 to the shaft of. which is keyed a-

pinion 23 meshing with a gear 24 mounted on a-
~drive shaft 25 rotatably carried in bearmgs 26

connected to the. top of the frame

The

Shaft 25 is provided at. opposite ends Wlth 70 |

- drive pulleys 27 and 27a. Pulley 21 drrves one of

the ‘mills, for example mill- A, Fig, 3, ‘through a -

‘. belt 28 and pulley -wheel 28 keyed on shaft (8 et
the corresponding end of mill A.. The other mill, -
- B, is driven s;mzlarl_y,_ but at the opposite end, '2_'_5_ S
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 power needed to start ball mills, at least in the
I | mOV&blY retained closure for said port, and a body

2, 022 552

through pulley 21a, belt 28a and pulley wheel 29q.
The A

ates therewith to render the frame strong and

rigid. Additional rigidity is provided in the form
shown by a transverse brace 31 connecting cross
bars 16 between the two mills.

comprise two angle sections connected back to
back to form an inverted tie, as shown in Fig. 3.

This construction is advantageous particularly
because it reduces the power requirements. The

~ larger sizes, is, roughly, about three to four times

15

20

23

30

35 -

40

- that needed for running the mill. By driving two..

mills from g single motor it is pos,51ble to use
motor no larger than that needed for starting

and driving a single mill, because when one mill
Is running its inertia is available to assist in
‘starting the second mill, so that the latter may
be started without exceeding the peak load of

the motor. Also, the tandem mounting in the
A-frames shown a
provides simplicity of construction and permits
running of either or both of the rmlls a,ocordmg
to need.

It will be observed that the mﬂls are mounted
at a substantial distance above the floor so that
_oollectmg pans can be inserted readily beneath
the mill for discharging the ground batch. In
‘prior types of construction it has been necessary
- to reinforce the framework at the bottom, so
that collecting means, such as pans, could not be

run far enough under the mill to safely ga,ther

~ the ground product when the mill was dumped.
With the construction shown collecting devices -
may be inserted from either side of the mill and

be extended as far as need be for reception. of

‘the mill contents without spilling, and if de-
‘sired such collecting means may take wheeled

forms. These constitute substantial advantages
over the prior structures.
According  to the prov151ons of the Patent

 Statutes, I have explained the construction and

45

b0

09

60

mode of use of my invention, and have illustrated
and described what I now consider to represent
However, I desire to have .
it understood that, within the scope of the ap-

its hest embodiment.

pended claims, the invention may be practiced

otherwise tha,n as spemﬂoally illustrated and de-

seribed.
I claim:

- 1. A ball mill comprising a seamless closed end
ceramic ware jar positioned with its ends between

a palr of metaliic end plates provided with a re-
cessed portion on their interior surfaces, tie rods
connecting said end plates disposed about said

jar, and a body of hardened cementitious material
~ disposed about said jar embedding it and the tie
~ rods therein and thereby providing a reinforced
shell about the jar strengthening it against -

A-irames are strengthened by diagonally -
transverse tension rods 30, and plate 20 cooper--

Brace 31 may

ords a, saving in floor space,

3

 breakage and oompensatmg for decrease in jar
wall thickness in use, said recesses cooperating

‘'with said body to maintain axial alignment of said

body and its embedded jar in the mill.
2. A ball mill comprising a seamless closed end 5

ceramic ware jar disposed in spaced relation from

the walls of an enclosing - casing including end
plates, a side wall of rigid formable material ex-

| _'tendmg between the end plates, and tie rods con-
‘necting the end plates and arranged around the jq
~ jar within the casing, the jar being provided with

a side port extending through said casing, a re-

- of hardened cementitious material filling the space

between the jar and casing and embedding the 15

~jar and tie rods, said end plates being provided

on their interior surfaces with recesses into which

said cementitious material extends and cooperat- '
ing therewith to key said cementitious body

against shifting with. respect to the longitudinal 20
axis of the mill, and said casing and side wall co-

~ operating to prevent breakage of the jar and to

permit its use until the jar wall has been a,bra.ded

fsubsta,ntla,lly through in use.

3. A ball mill comprising a seamless closed end 05
ceramic ware jar disposed in spaced relation to the

walls of an enclosing casing including end plates
“each provided on its cutside surface with a trun-.

nion and provided with an inwardly extending
grooved flange, a side wall of rigid formable mate- 30
rial extendmg between the end plates and seated

in the grooves in said flanges, and tie rods connect-~

ing the end plates and arranged around the jar

| Wlthln the casing, the jar being prowded with a

side port extending through said casing, a re- 85
movably retained closure for said port, and a body |
of hardened cementitious material filling the
space between the jar and casing and embeddmg

-the jar and tie rods, said casing and side wall co- _.
operating to prevent breakage of the jar and to 40
~ permit its use until the jar wall has been abraded

substantially through in use, and said body being

keyed by said flanges to maintain axml allgnment |
~of the body and its embedded jar.

4. A ball mill comprising a seamless closed-end 45
ceramic ware jar positioned with its ends between
a pair of metallic end-plates, tie rods connecting

~ said end-plates disposed about said jar, and a body

of hardened cementitious material disposed about
“said jar embedding it and the tie rods therein and 50
~ thereby providing a reinforced shell about the
jar strengthening it against breakage and oom-:

pensating for decrease in jar wall thickness in use;

the interior surfaces of said end-plates being pro- |
- vided with means cooperating with said body of 55 -
cementitious material to key said body to the end~ -
plates and thereby maintain axial alignment of
-the body &nd 1ts embedded Jar 111 the Imll |

THEODORE J. VOLLKOMMER 60
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