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C oatings manufacturers face a myr-
iad of challenges in their efforts to 
produce products of consistent high 
quality through a repeatable pro-
cess that makes efficient use of key 

resources such as time, energy and manpower. Oddly 
enough, one of the greatest hindrances to their efforts 
has been their use of equipment that is ill suited to the 
task, namely the horizontal disc mill.

When it became clear that the “typical” horizon-
tal mill was not serving the  coatings industry well, 
industry manufacturers set about designing a new 
machine that could handle the required flow rates. 
This article will offer both theoretical and empirical 
evidence supporting the use of a high-flow, high-

energy mill as a useful alternative to the horizontal 
disc mill. It will also examine various operating 
characteristics of this machine, and explain why this 
process is more energy efficient than the traditional 
bead mill equipped with a disc agitation system.

Limitations of Horizontal Disc Mills
Residence Time Distribution (RTD)
Residence time distribution, or RTD, refers to the 
cross-section of flow patterns or flow rates through 
the horizontal mill, which results in particles travel-
ing at various velocities through the mill. In study-
ing the process behavior of small media mills (bead 
mills), manufacturers and operators have discovered 
that a portion of the slurry does not receive complete 
grinding and dispersion.

The RTD manifests itself in the particle size distri-
bution as a coarse tail, or what the coatings industry 
calls a “dirty grind.” Simultaneously, some particles 
are retained in the mill for a longer period of time 
than is needed to grind them to the desired size. This 
results in wasted energy.

All of the testing conducted to measure the RTD 
of media mills has concluded that this phenomenon 
occurs in all horizontal bead mills. To overcome 
a dirty grind, mill operators generally have two 
options: reduce the flow rate through the mill, or 
pass the material through the mill multiple times. 
Many operators have found that running the first 
and second passes at very high flow rates produces a 
much cleaner grind at the same net production rate 
achieved by a single pass at a lower flow rate.

Figure 1, which graphs a dispersion of alumina 
oxide, further illustrates that running multiple passes 
at high flow rates results in a lower standard devia-
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Figure 1 | Comparison of residence times for a low-flow single-pass grind to two 
high-flow passes; alumina oxide dispersion, Degussa OX 50.
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tion, narrower particle size distribution and higher 
net production rate than single, low-flow passes. We 
can see that a slow pass through the mill eliminates 
most of the large agglomerates, but there is still a 
coarse fraction in the distribution (first pass at 6.6 
minutes residence time). By running the material at 
a higher flow rate with shorter residence time, we get 
a coarser grind than with the slow pass, as would be 
expected (first pass at 2.7 minutes residence time). 
A second pass at the same high flow rate eliminates 
the coarse fraction and produces a narrower particle 
size distribution than does a single pass at a low rate 
of flow. This indicates that the bulk of the grinding 
occurs very rapidly, and that the coarse fraction is 
a result of the RTD. The net result is a shorter total 
residence time (5.4 minutes vs. 6.6 minutes, an 18 
percent reduction), which equates to a higher pro-
duction rate and a “cleaner” grind.

The drawback is that this method can lead to 
hydraulic packing. This is an inherent limitation of 
the typical horizontal disc mill design; high flow rates 
result in very high bead compression.

Hydraulic Packing in Horizontal Disc Mills
The second limitation of the horizontal disc mill, 
hydraulic packing, is exacerbated when high flow 
rates or high-viscosity slurries are run. It occurs 
when the media is forced to the discharge end of the 
machine and becomes tightly compressed due to the 
hydraulic pressure of the product flow (Figure 2). The 
beads lock down onto the rotor, causing various prob-
lems: increased power consumption; higher outlet 
temperature due to limited product exposure to the 
available cooling surface; reduced effectiveness of the 
media at the agitator discs; and high media and mill 
wear at the site of compaction.

With most of the grinding media shifted toward the 
discharge end, the feed end of the mill (blue beads in 
Figure 2) is rendered largely ineffective because of the 
separation distance between the beads. More than 
half of the chamber volume is now just a mixing zone, 
and not the high-shear zone it is meant to be. High 
bead compression also results in slow media agitation 
at the point farthest from the agitator disc, the cham-
ber wall. This leads to poor cooling efficiency, which 
can damage sensitive products and allows product to 
bypass the grinding action, resulting in the dreaded 
“dirty grind.”

Why does hydraulic packing occur in horizontal 
disc mills? It occurs because of the following:
•  high length-to-diameter ratios for single-pass 

grinding and cooling;
•  greater chamber volume necessitates greater media 

volume, which creates greater resistance to flow; and

•  use of finer grinding media creates further resis-
tance to flow.
In single-pass grinding, these factors actually con-

tribute to greater grinding and dispersion efficiency. 
When flow rate is increased for multiple pass grind-
ing, easy-to-grind products, or temperature-sensitive 
products, media resistance against the product flow 
rate results in high compression of the media.

Some mill manufacturers rely on this high media 
compression to perform the required dispersion. In 
the short term, operating a mill under high media 
compression may impress a potential customer 
with productivity and grind, but beware. After the 
machine is in operation long enough to show high 
wear, the benefits are quickly negated by downtime 
and expensive component replacement.

High-Flow Mill Design
One of the first steps in designing a high-flow machine 
is to decrease the chamber length-to-diameter ratio. 
This will reduce axial compression of the product 
flow, and thereby reduce resistance to flow.

Agitator design is the most important consider-
ation. Figure 3 shows the current agitator and cham-
ber design. The system creates grinding and disper-
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Figure 2 | Illustration of hydraulic packing.

Figure 3 | Agitator and chamber design, ZETA high-flow mill.
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sion by agitating the beads with the tungsten carbide 
pins or pegs on the agitator shaft.

This agitator design compresses the beads in a 
radial direction. As agitator speed increases, media 
compression increases against the chamber wall. 
Uniform compression throughout the chamber’s 
length is key to this process. This concept results in 
total utilization of the media charge and mill capacity 
for greater efficiency in particle size reduction.

The design also incorporates an efficient method of 
separating the beads from the product. The arrows in 
Figure 3 indicate the direction of media flow. Centrif-
ugal forces separate the beads and product inside the 
agitator shaft. The agitator is slotted approximately 
one-third of its length. The bead/product mixture 
sweeps across the surface of the screen with the 
product flow, and the beads are thrown back into the 
high-energy grinding zone – a critical factor in the 
machine’s operation. This media separation system is 
unique to the industry and is patented.

Because we use the agitator as a separation system 
instead of relying on the screen to filter beads from the 
product, we can employ finer beads than previously 
thought possible. This is the trend in dispersion equip-
ment; 250 µm beads are now being used commercially, 
and lab tests have used 90 µm beads successfully.

The enlarged media separation screen is used to 
prevent the few beads remaining in the product from 
discharging from the machine. We employ a large-
surface-area screen to prevent high chamber pres-
sures. These features are combined into a machine 
called the Zeta system (Figure 4).

Zeta System
The Zeta system has a high specific energy input, 
which delivers greater horsepower per liter than tradi-
tional disc mills. Installing 1.8 kilowatts per liter drive 
power results in higher agitator speeds and, therefore, 
high shearing forces. The typical horizontal disc mill is 
equipped with about half the drive power of the Zeta.

Normally, the drawback to installing higher horse-
power on single-pass grinding units is that the cool-
ing capacity in the chamber design cannot extract all 
the grinding energy. This would be even more true for 
the Zeta system, save for one fact: flow rate through 
a Zeta mill results in a typical residence time of 10 
to 30 seconds, so very little heat is transferred to the 
product. Whatever heat is generated can be mitigated 
by using a jacketed holding tank and cooling the mill 
chamber and shaft.

Controlling the influence of hydraulic packing also 
greatly simplifies scale-up from lab tests to produc-
tion. Problems with scale-up in horizontal mills pri-
marily relate to the RTD and hydraulic packing. By 
recording the specific energy input during tests, we 
can scale up to the larger production mill according 
to power required for grinding. For example, Figure 5 
graphs the power required to convert crude phthalo-
cyanine blue, a material used in offset ink, from the 
alpha-crystal form to the beta-crystal form. When 
processed on a horizontal pin mill, Netzsch model 
LMJ 14, color development of the material is slow and 
draws a considerable amount of power. This type of 

Figure 4 | Netzsch ZETA system high-flow, high-energy mill.
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Figure 5 | Comparison of pin mill vs. ZETA system in crude phthalocyanine blue 
pigment conversion using 250 micron steel shot as the grinding media. The energy 
required to reach color strength is shown; the Zeta system uses significantly less 
power-time than the pin mill (300-pound batches run on mill). 




