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Universal mill: Grinding versatility in an

economical package

StephenMiranda  NETZSCH Inc.

Are vou searching for a versatile prinding machine
to handle multiple bulk products? One solution may
be a universal mill. The mill uses grinding tools that
can be interchanged to handle a range of soft to
medium-hard materials, providing the advantages
of customized grinding in one housing. After outlin-
ing the universal mill’s components, operation, and
maintenance, this article gives information on
grinding tools, special applications, and mill selec-
tion.

universal mill is a form of mechanical impact mill
Athat fractures and reduces particles with high-en-

ergy impingement. Called wniversal because it
can be fitted with interchangeable grinding tools, the mill
handles a range of feed characteristics and produces final
products that meet various particle size requirements. By
combining the capabilities of more than one mill in a sin-
gle howsing, the universal mill provides grinding versatil-
ity while conserving capital equipment cutlay.

The universal mill can grind feed materials of up o 3.5
Mohs hardness, including pharmaceuricals, chemicals, fer-
tilizers, cosmetics, food products, animal fesds, and minerz|
porwders. The mill accepts feed matenials with an average
particle size typreally up to 2 inches; & larger mill can handle
meaterials up to 4 inches, The resulting final average particle
size canrange fromfairly coarse (o as fine as 20 microns. To
grinl heat-sensitive materials such as resins, the mill can be
equipped with a grinding tool that generates high airflow
and a wide housing that entarges the grinding chamber and
dissipates the grinding heat. [Editor’s note; Also see the
later section “Specitl applications.™]

Mill components, operation, and maintenance

The universal mill is available in lab- or pilot-plant sizes,
such as for pharmaceutical production. and in Tull-scale
production sizes from about 6 1o 27 inches (measured in
terms of grinding tool diameter). Grinding capacities can
range from a few kilograms (o many tons per hour, de-
pending on factors such as the feed characteristics and the
desired final particle size. Construction materials for the
mill’s contact surfaces include carbon steel, hardened
steel, cost iron, stinless steel, and sanitary-standard pol-
ished stainless steel,

Components. The universal mill. as shown in Figure |,
consists of a vertically oriented housing with a large door,
Inside the housing, mounied on a motor-driven rozting
shaft, is a grinding ol — a rotating disc (called a roror
ise) fined with pans or tecth or a rotating wheel-like rotor
fitted with blades or bars.

When the mill is fitted with a pin rotor disc, a second disc is
mounted inside the mill’s door sothat its pins or eeth in-
termesh with those on the rotor dise. The door's dise can
remain stationary or rotate; in the later case, the door is fit-
ted with a drive assembly that s the disc counter to the
rotor disc’s rotational direction.

When the mill is fitted with a gnnding tool other than a
dise, the wol fits inside a staror (also called a basker), as
shoewn in Figure 2, which adjusts the final product’s fine-
ness. The stationary, ring-shaped stator can be a screen,
ennding track, or combination screen and grinding track.
{Naovstator is required with a pin rotor disc,)

The universal mill's grinding tools can be removed and re-
placed easily and quickly. The time required 1o change the



tools depends on the mill size: A 6-inch mill's grinding tool
can be changed in amatter of o few minutes, and a 1 2-inch
mill’s tool takes about 30 minutes. Because handling the
wools for larger mills typically requires Bifting equipment,
tood changes for larger mills can take somewhat longer.

Operation. The feed Hows from a volumerric feeder by
aravity through the universal mill's inlet, which directs the
feed intothe grinding chamber’s center. The grinding ool
(or tools) rotates at high speed, creating centrifugal force
thiat accelerates the feed particles outward. The particles”
high-speed outward flow hurls them against the pins.,
blades, or other elements at the tool's periphery. The pari-
cles’ impact with these elements and other particles frac-
tures and reduces them.

With disc grinding tools, desired-size particles exit the disc
periphery and Dow toward the mill’s bottom outlet.

With other grinding tools, the reduced particles pass
through the bars or blades to the stator:

*With a screen stator (Figure 2a), the desired-size particles
pass through the sereen openings (which can be of vari-
ous shapes) and exit the mall's bottom cutlet.

» With a grinding-track stator {Figure 2b), oversize particles
impact the track’s nbbed surface and bounce back into the
grinding chamber for further grinding, and desired-size
particles exit through the stator’s rear discharge slot.




* With a combination stator (Figure 2c), the screen sec-
tions control the final product’s upper particle size by al-
lowing desired-size particles to exit the seréen openings,
and the grinding track sections deflect oversize back into
the grinding chamber for further reduction.

After exiting the mill, the particles fall by gravity or are
drawn by a pneumatic conveying system to downsiream
[FOCESSINE Or slorige,

Maintenance. Regular preventive maintenance will keep
the: umiversal mill running smoothly. A critical mainte-
nance step is inspecting the grinding tools and stators for
wenr, A screen stator can reguire more frequent inspection
because it's subject 1o blinding and breakage. Rapid tool
or stator wear can indicate 2 fecd problem, such as over-
feeding due to an improperly selected feeder.

More about the grinding tools

Your feed's characteristics and the particle size your final
product requires are major factors in determining which
grinding ool is best suited o your application. Some com-
men grinding tools are shown in Figure 3.

Fin dises. Dry erystalline and brittle feeds, such as sugar,
aspirin, sodinm bicarbonate, kaolin, and carbon, can be
handled by a mill equipped with pin dises (Figure 3a).
When only one disc rotates, the pin discs can typically
achieve a final average particle size of less than 50 microns.
Fineness is controlled by the rodor disc's speed (which con-
trols the dise’s peripheral speed) and the number and
arrangement of pins on the discs. When both discs rotate,
the peripheral speed is much higher, and the final average
particle size can be less than 30 microns, The higher energy
applied during this operation, called cousiter- rtarion, gen-
erates more heat and can require eryogenic cooling (dis-
cussed in the later section “Special applications™).

Pin dises are often the best eption fordrug and food applica-
tions because they require no stator, eliminating stator
screen-blinding problems and the need for grinding-track
eleani 1. The pin dises are also casier o access for god
manufacturing practice {GMP) clean-in-place applications.

Wing becter. The universal mill can be cquipped with a wing
Becirer (also called a blade beater or plase beaier), as shown
in Figure 3b, to reduce soft. medium-hard, and some fibrous
feeds o final average particle size ofless than about 400 mi-
crons, Typical soft feeds include coarse talc and lactose;
medium-hard feeds (and those with abrasive impuritics) in-
clude glass fibers, tomer pregrind, and polyviny] chionde,
and fibrous Feeds include coconut shells. herbs, root drugs,
and wood, The wing beater has a series of rigid, replaceable
bilades around 18 periphery amd is mounted inside a staor,
The tool is often used with a screen or combination stator for
soft to medium-hard feeds and with a grinding-track stator
for medivm-hard and fibrous feeds. The final particle size
can be conolled by adjusting the twol's peripheral speed and
choosing a particular stator.

Blast votor. A blast rotor (alsocalled o teebsine st or turbe
rator), as shown in Figure 3¢, allows the universal mill w






erind feads ranging from brittle to elastic, including most of
the miterials handled by the odher grinding tools, The blast
rofor also handles feeds that are slightly abrasive (such as
limesione containing a minor abrasive component) and
feeds that are temiperature-sensitive (such as resins and pow-
der paants), The tool can achieve afinal average particle size
of less than about 440 microns. The blast rotor consists of
severil ngid, replaceable bars or blades mounted inside a
pairof rings. Itoperates like a turbine, penerating a large vol-
ume of airflow during grinding and quickly dissipating the
grinding heat so the mill can handle lemperature-sensitive
fieeds, The blast rotor is mounted inside a sereen or combi-
nation stater, As with the wing beater, the final average parti-
cle size can be controlled by adjusting the tool's peripheral
spesd and choosing a particular stator.

Others, Various other erinding tools, many of them propri-
etary o one mill supplier, are availzble to grind feeds with
particular charactenistics, such as high moisture or fat con-
tent and extremely soft or fibrous consistency. and to pro-
duce a particular final particle size, Depending on its
design, a grinding tool can apply impact, shear, or both to
reduee the particles. [Editor's mote: For more frinding ool
information, contact the anthor and suppliers listed under
“Universal” (page 211} in the "Mills” section in Powder
ane Bulk Engineering™s 2000-20002 Reference & Buyer’s
Resontrce { August 2001,

Special applications

To handle potentially explosive products, the universal
mill can be constructed of components that are pressure-
shock-resistant up to 10 bar, The mill"s inlet and outlet can
also be finted with pressure-shock-resistant and flame-
proof isolation valves (such as rotary and slide-gate
valves). For further protection, fire-detection and -sup-
pression systems and similar components can be installed
in the mill and related equipment.

Although it's o more complex and costly option, the univer-
sal miill can also be installed in a closed-loop inent-gas grind-
ing system o handle potentindly explosive products. The
systenm reduces explosion risks by using an iner gas such as
nitrogen to reduce the oxygen content of the air in the mill.
The closed-loop systemn can alse handle products that tend to
oxidize or undergo property changes in comact with oxygen.

The universal mill can be adapted for cryogenic grinding.
This allows the mill 1o handle a product that can't be
ground to the desired size at ambient temperatures (such as
rubber or thermoplastics, which are too soft at ambient
temperatures to be fractured during grinding) or (o handle
aproduct that's degraded by heat (such as a spice or flavor-
ing that loses essential oils at high temperatures), In these
applications, a cryopenic fuid can be sprayed into an up-
stream feed trough (or similar unit) to cool and embrittle
the feed before it enters the mill, The Muid can alse cool the
anr Mesving through the mill during grinding.

Mill selection

Base your selection of the universal mill's components
and features, inclieding grinding wools, stators, and con-
struction materials, on your feed and final product require-
ments, Doring the selection process, expect to work
closely with the universal mill supplier. The supplier will
ask you to describe the characteristics of each of your
feeds, incheding the material type, particle size distribu-
tiom, bulk density, flowability, friability, abrasiveness, tem-
perature sensitivity. moisture or velatile content, and
chemical cormosiveness. Yo'l also need w identify which
properties — such as particle size distribution, bulk den-
sty andd moisture or volatile content — each of vour final
products must have.

Euring the selection process, expect o work closaly
wilhi the universal mill supoliar

Considering where the mill will be located in your process
is also important, The selected mill components will affect
which upstream and downstream equipment, such as [eed-
ers and dust collectors, will best suit your grinding
process. For instance, if vour mill discharges by pneumatic
eonveying and one of the grinding tools you select is a
blast rotor, you need to consider the high airflow volume
produced by this grinding ool when sizing the dust collec-
tor and related ductwork downstream from the mill.

Once these preliminary selection steps are completed, the
supplier’s test center can run grinding tests with your
feeds. The results can help establish which universal mall
grinding tools and stators, which rotation speeds and other
operating variables, and which mill size will best meet
vour grinding requirements, PBE

For further reading
Find more information on universal mills and other grind-
ing eguipment in articles listed under “Size reduction” in
Povder and Bulk Engineering's comprehensive “Index to
articles™ (in the December 2001 issue and o www.pow
derbulk.com).

Stephen Miranda is manager of usiness development for
iy grinding ot NETZSCH e, 119 Pickering Way, Exton,
FPA 19341 610-280-1220, fax 610-280-1299 {smi
randa@netzschusa.com), He holds a B in biology from
Fairleigh Dickinsem University in Rutherford, N.J., and
hax 26 vears experience in bulk solids size reduction.
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| ¢ variety of powder processing applications.
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Visit us at: www.netzschusa.co

 NETZSCH-CONDUX manufacturers a complete line
: of dry grinding and classification equipment for a

i = Our equipment satisfies many industries including:

i - {olorings and Coatings (Toner, Pigments, Pawider Paint)
- Lifie Seiences (Pharma, Foods, Crop Protaction)
- Mastics (Thermoplastics, Thermoset, Recycling)
- Chemicats (Ceflulose, Fllers, General Chemicais)
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Lltra-fire dry grinding
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CUM Universal Mill
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for dry grinding in a
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Fine Grinding Solutions
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CP Impact Mill
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air classifier provides
optimum particle
5eze control

* Guarantes higher profits through kigh energy efficiency,
lowe maintenance costs and reliable operation

* Machines available in laboratory, pilot and full scale
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= Backed by guer 130 years of worldwide process
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Dry Processing triaks are available at our 16,500 square
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