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Definition & Working Principle

Laying the groundwork for understanding ball mill mechanics—exploring core definitions
and the fundamental operational physics that drive industrial grinding processes.



Definition & Basic Working Principle

01. What is a Ball Mill?

Aball millis a cylindrical grinder
rotating on a horizontal axis,
partially filled with steel balls
(grinding media). It is used to
grind, blend, and reduce
materials into fine powder
through impact and attrition
forces.

02. The Mechanism of
Grinding

1; Lifting & Cascading:Centrifugal

G

force lifts grinding media up the
cylinder wall as it rotates.
Impact & Attrition:Gravity pulls
balls down for high-energy
impacts, while tumbling creates
shear forces to refine particles.

03. Critical Speed (nc)

The speed at which grinding
media sticks to the cylinder
wall. Efficiency peaks at a
fraction of this speed.

Optimal speed:65-80% of
nC
nc=423//D

Key Takeaway: The interplay of centrifugal force, gravity, and material properties dictates the grinding efficiency

and particle size distribution.



From Particle to Powder

The Ball Mill Transformation

Witness the dramatic transition from coarse
feedstock to ultrafine powder. This visual
comparison highlights the machine’s
exceptional capability to achieve an industry-
leading reduction ratio, critical for advanced

BRI HER material processing.
Raw Feedstock (Before) Ultrafine Powder (After)
@ Coarse, uneven particles with large particle 5 Homogeneous, micronized powder with
size distribution, requiring mechanical force for consistent particle size, unlocking superior

size reduction. material reactivity and usability.






By Operating Mode: Dry vs. Wet Grinding

Dry Ball Mill

Processes materials in a completely
dry state, often utilizing air
classifiers for closed-circuit control
to optimize particle size

Wet Ball Mill

Grinds materials in a slurry
suspension by adding water or
process liquids, which act as a
grinding aid and lubricant.

distribution.

Key Applications

Ideal for water-sensitive materials
such as cement raw meal, coal,
and certain mineral powders that
cannot tolerate moisture.

Performance Traits
Simpler downstream handling
butwith higherdust emissions
and potentially elevated energy
consumption forfine particle
production.

Best for dry end-products; requires robust dust collection
systems to mitigate environmental impact.

Key Applications
Dominantin miningforore
beneficiation, and widely used in
ceramics, paints, and pigment
industries requiring fine particle
size.

Performance Traits

Offers higher grinding efficiency
and superior particle shape
control with minimal dust, but
necessitates water treatmentand
dewatering.

Preferred for high-efficiency fine grinding; the industry standard
where water access and treatment infrastructure are available.



By Discharge Mechanism: Overflow vs. Grate

Discharge

Overflow
Discharge Mill

Slurry flows out naturally via an open trunnion. This simple
design has a longer residence time, which is greatfor fine
grinding (e.g., cementclinker) butrisks over-grinding. Itis

the most common type for its straightforward construction.

Grate Discharge
Mill

A perforated grate retains large media/particles, forcing
only fine material out. This shortens residence time,
minimizes over-grinding, and allows for higher power
draw, making itideal for primary/coarse grinding (e.g.,
metal ore concentrators).

I Key Takeaway:Overflow mills prioritize fine output and simplicity, while Grate mills offer process control and

efficiency for coarser, primary grinding tasks.



To truly understand a balll
critical elements that




Anatomy of a Ball Mill
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The cross-sectional view reveals the
intricate assembly of the mill's core
components, including the shell, liners,
and drive mechanism.
High-manganese
steel mill liners,
shown here, protect
the shell and
optimize the
trajectory of the
grinding media for
efficient
comminution.

@ Cylindrical Shell

The main rotating
cylinder (tub) where the
grinding process
occurs. Its size and
speed dictate the
efficiency of particle size

. media.
reduction.

= Feed & Discharge Trunnions

Hollow cylindrical shafts at either end of
the mill. The feed trunnion introduces raw
material, while the discharge trunnion
expels the finished product, maintaining
the material flow circuit.

@ Mill Liners

Replaceable protective
plates that line the shell's
interior. They protect
againstwear and tear
and lift the grinding

[@ Grinding Media

Hardened steel or
ceramic balls/cylpebs

i thatimpactand grind
the material as the shell
rotates, reducing it to the
desired fineness.

Y Grate & Diaphragm

Internal partitions that separate the
grinding chambers and control the
flow of material. In grate discharge
mills, they retain coarse media while
allowing fine product to pass.



Drive & Support System

o Drive System: Torque & Rotation

Comprises a high-power motor, precision gear reducer, pinion
A ) & : gear, and the girth gear affixed to the mill shell. This assembly
il i I |V N <y, ~p v S delivers the rotational force required for the grinding process.

Support Structure: Stability & Load-

? Bearing

Features heavy-duty trunnion or roller bearings and a
reinforced concrete/steel foundation frame. This robust
structure bears the full weight of the mill and its abrasive charge.

The massive girth gear, a critical component of the
drive train, meshes with a smaller pinion gear to
trdslsiete gratemhdesige rsuiks thratimill operates with minimal vibration and maximum efficiency, even under the

most demanding heavy-load conditions.






Across Industries

Ball mills are a cornerstone of material processing, playing a pivotal role in reducing particle size for diverse industrial
applications worldwide.
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Mining & Mineral Processing Cement & Building Materials Power & New Energy
Essential for grinding ores to liberate Used for raw meal homogenization Pulverizes coal for efficient combustion
valuable minerals, enabling efficient and finish grinding of clinker. Also in power plants. Also grinds
beneficiation and extraction of metals processes limestone, slag, and cathode/anode materials for lithium-

like gold, copper, and iron. aggregates for concrete production. ion batteries and chemical catalysts.



Advantage

Evaluating the strength :



High Versatility
Handles wet/dry grinding
and processes a vast
array of materials with
ease.

Reliability &
Simplicity

Robust mechanical
construction ensures a

long operational service
life.

Evaluating the Technology

High Reduction

Ratio

Capable of producing very
fine particle sizes with a
ratio exceeding 300:1.

Excellent
Scalability

Available in configurations
from small lab units up to
large industrial mills.

%4 High Energy

High Capital Costs
Large industrial mills
require substantial upfront
investment and reinforced
foundations.

Consumption

Low efficiency, with only 2-
3% of energy used for
actual particle breakage.

Potential for

Contamination

Wear of grinding media and
liners can introduce
metallic impurities into the
product.
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