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following should be considered in advance:

• Quality/characteristics of sample (e.g. dry, 

temperature-sensitive etc.)

• Feed size

• 

• Sample volume

• Sample throughput

• Subsequent analysis (which type of 

contamination by abrasion of grinding tools is 

acceptable?)

• May the sample be dried or embrittled before 

grinding? 

Hard-brittle materials, for example, are best comminuted with 

impact and friction, for example in a planetary ball mill. For 

soft and elastic materials, however, size reduction with knife or 

cutting mills is the most suitable method.

in one step. In some cases it is possible to carry out coarse 

other cases two mills or crushers are required.

An essential rule of thumb for size reduction is to only grind 

 

A reliable and accurate analysis can only be guaranteed by reproducible sample preparation. The “art of milling 

and homogenization” is turning a laboratory sample into a representative part sample with homogeneous 

pharmaceuticals or environment. 

Reproducible Sample Preparation for Reliable Analysis 

Results

  The grind sizes indicated in this catalog relate to the d
90

 value 

which means that 90 % of the sample has a particle size smaller 

or equal to that value. The exemplary graphic shows that the 

sample also contains considerably smaller particles. Generally, 

the achievable grind sizes depend on the sample characteristics 

may be obtained with apparently similar samples. 
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The achieved final fineness depends on the sample material and instrument configurations 

which means that different results may be obtained with apparently similar samples.

  suitable

   suitable to a limited extent 

 -  not suitable

The following selection guide gives an initial overview 

of the application areas of RETSCH mills and crushers. 

The selection of a suitable mill depends on the individual 

application.

application! 
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• High throughput, high degree of size reduction

• Feed size up to 130 mm (BB 300)

• High final fineness (d
90

 < 2 mm)* 

• Zero point adjustment for wear compensation

• Batchwise or continuous grinding

• 

• Feed hopper with splash-back protection

• Safe and simple operation and cleaning

Floor model BB 300

crushers ideal for sample preparation in laboratories 

and industrial plants.

characterized by robust design, easy operation and rapid 

cleaning. The crushers process samples both batchwise and 

continuously. 

Safety is a top priority with RETSCH jaw crushers. The feed 

hopper with splash-back protection cannot be accessed 

by hand. A safety switch and the brake motor ensure 

an immediate stop if the unit is opened or switched on 

incorrectly. For easy cleaning of the crushing chamber, the 

hinged hopper can be removed in a few simple steps. The 

jaw crushers run very smoothly and quietly and are virtually 

maintenance-free.

BB 100, BB 200, BB 300 – Robust and 
Versatile Floor Models

*depending on feed material and instrument configuration 

Video on www.retsch.com/bb
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Easy removal of the crusher arm without 

tools

Digital speed setting and display of gap 

width 

Large collecting receptacle (3 liters) with 

optional lid

BB 50 – Powerful and Compact 
Benchtop Model

crusher series and has been specially designed for 

crushing smaller sample volumes with a maximum 

of 500 microns – which is determined by digital 

gap width setting – is obtained in one go. The 

compensation and maximum reproducibility. With its 

size reduction process. The variable speed can be set 

between 550 min-1 and 950 min-1 to adapt the crushing 

process to sample requirements. The possibility to reverse 

the rotating direction is helpful if too much sample material 

has been fed to the crusher causing it to block. Due to a 

frequency converter the motor starts with enough power to 

achieve the maximum speed in a very short time. A Belleville 

spring washer and intelligent monitoring electronics protect 

the jaw crusher against overloading. Due to permanently 

lubricated bearings and its solid design, the BB 50 is virtually 

maintenance-free. 

Benchtop model BB 50

Benefits 

• High final fineness (d
90

 < 500 µm)*

• Compact benchtop instrument

• Digital setting of speed from 550  to  950 min-1

• Digital display and storage of gap width

• 

• Removable crusher arm for easy cleaning

• Dust-tight, maintenance-free

• 

• Reversal of rotating direction possible

Superiority in Detail

*depending on feed material and instrument configuration 

www.retsch.com/bb50
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Accessories and Options

heavy-metal-free crushing.

• Manganese steel 

is a material whose structure becomes compressed 

under pressure and hardens with time (cold 

hardening).

• Stainless steel 

is recommended if the expected feed material 

is not too hard and could cause corrosion.

• Tungsten carbide  

is the most abrasion-resistant and pure material. 

It ensures a longer working life of the jaws even if 

materials with a hardness of up to 7-8 on Mohs’ scale 

are regularly processed.

• Steel 1.1750 

is ideally suited for heavy-metal-free grinding of samples 

which are not extremely abrasive (such as construction 

waste, soil, road pavings). 

• Zirconium oxide (BB 50) 

is used as a ceramic material for metal-free preparation, 

e.g. for dental or clinical ceramics, optical glasses. Another 

advantage is that no color changes as a result of abrasion are 

observed.

The models BB 100, BB 200 and BB 300 can be connected 

to an industrial vacuum cleaner to minimize dust 

development.

Versatile Use

Apart from the four standard models, RETSCH jaw crushers 

are also available as special versions adapted to particular 

application requirements.

• Combination with Disc Mill 

For the rapid, continuous grinding of large quantities of coarse 

material to analytical fineness, the combination of the RETSCH 

jaw crusher BB 200 and the RETSCH Disc Mill DM 200 is the 

perfect solution.

•  

The BB 200 and BB 300 jaw crushers are also available in 

versions which are suitable for continuous size reduction in 

online operation, e. g. for quality control during the production 

process. These are supplied without feed hopper and motor 

protection switch.

• Special version for size reduction of semiconductor 

materials  

This version of the BB 200 resp. BB 300 features feed hopper 

and collector with plastic lining as well as breaking jaws and 

wear plates of tungsten carbide.

Jaw Crusher Technology: 

RETSCH jaw crushers are robust and powerful forced-feed crushers. The 

feed material passes through the hopper with splash-back protection and 

enters the crushing chamber. Size reduction takes place in the wedge-

moved by an eccentric drive shaft. The elliptical motion crushes the 

sample which falls under gravity into a removable collector as soon as the 

particles are smaller than the set gap width. 
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Jaw Crushers at a 
Glance

afterbefore

Application 

Silicon

Typical Sample Materials

RETSCH’s powerful jaw crushers are ideally suited for 

preliminary crushing of construction materials, ores, granite, 

oxide ceramics, quartz, slag, silicon, coal, tungsten alloys, 

cement clinker etc.

...more details on www.retsch.com
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Ultra Centrifugal Mill 

ZM 200

in performance and operating comfort. This mill 

pulverizes a great variety of substances extremely 

the sample remains in the grinding chamber only for a short 

amount of time. Thus the sample properties – which could 

otherwise be altered due to overheating – are preserved. 

Cleaning of the grinding tools is quick and easy which helps 

to avoid cross-contaminations due to frequently changing 

sample materials.

The heart of the ZM 200 is the innovative Powerdrive. The 

perfectly matched frequency converter and 3-phase motor 

provide a considerably higher throughput when compared 

grinding process.

comprehensive range of accessories the ZM 200 provides 

gentle and rapid preparation of analytical samples.

ZM 200 –  
Ultrafast, Ultrafine

Benefits 

• Powerdrive with a speed range from 6,000 to 
18,000 min-1 and a rotor peripheral speed of up to 
93 m/s

• Rapid and gentle grinding in two steps (rotor/ring 
sieve system)

• Automatic feeding (option) of up to 3.5 l sample 
material

• Suitable for grinding cryogenic samples (LN
2
)

• Patented cassette system for maximum sample 

recovery and easy cleaning

• 

• Comfortable safety housing with automatic cover 
closure

• Comfortable parameter setting via display and 
ergonomic 1-button operation

• Optional cyclone for improved material discharge and 
additional cooling

Video on www.retsch.com/zm200
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Accessories and Options

Its wide range of accessories and the possibility to individually select the rotor speed make the ZM 200 easily adaptable to any 

size reduction task. All parts which come into contact with the feed material can be removed without using tools and are easily 

cleaned and reinserted.

The feed material is introduced either manually or via the 

optional load-controlled Vibratory Feeder DR 100 which is 

connected to the mill through an interface. 

steady sample feed maximizes the throughput without 

any risk of overload and ensures uniform grinding 

results. The ground sample is collected in the cassette. 

The innovative cassette design ensures easy and loss-free 

sample recovery and avoids cross-contaminations.

When using a cyclone the sample material is additionally 

cooled by the air stream and more rapidly discharged from 

the grinding chamber via the cassette pan with outlet. When 

additionally 

. The cyclone accommodates 250 ml 

grinding larger volumes, 

3 liter and 5 liter collecting receptacles are available.

ZM 200 with Vibratory Feeder DR 100

ZM 200 with Vibratory Feeder DR 100 and 

cyclone with connection for industrial vacuum 

cleaner

ZM 200 with Vibratory Feeder DR 100 and 

cyclone

ZM 200 Technology: 

In the ultra centrifugal mill size reduction is achieved by impact and 

material passes through the hopper (with splash-back protection) onto 

the rotor. It is thrown outward by centrifugal acceleration with great 

energy and is pre-crushed on impact with the wedge-shaped rotor teeth 

the rotor and the ring sieve. This 2-step process ensures particularly 

gentle yet fast pulverization. As the feed material only remains in the 

grinding chamber for a very short time, there is no risk of overheating 

and the characteristics of the sample to be analyzed remain unaltered. 

The ground sample is collected in the cassette surrounding the grinding 
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the subsequent analysis. 

The ring sieve aperture size is primarily chosen according to 

materials approx. 80% of the total sample achieves a 

sieve used.

Rotors and Ring Sieves

Rotors and ring sieves are available in various materials and 

types. The reinforced rims of some ring sieves provide 

greater stability so that these are typically used for heavy-

duty applications.

Temperature-sensitive, brittle materials, such as powder 

coatings or resins, are particularly easy to grind with 

distance sieves which have been specially developed for 

this purpose.

Rotors and ring sieves with an  

are used for reducing the size of abrasive substances such 

as fertilizers.

For of non-abrasive 

materials we recommend the use of rotors and ring sieves 

made from titanium in combination with a titanium-niobium 

coated cassette and cover.

Thanks to the wide range of accessories with rotors, ring 

can be easily adapted to suit a wide variety of applications.
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Maximum Operating Comfort

The ZM 200 is very easy and safe to use. The parameters 

are readily set with one single button and a graphics display. 

Thus all relevant data (e.g. speed, drive load, operating 

hours or clear text error messages) are comfortably entered 

and clearly displayed.

With manual feeding of the sample, the performance display 

allows to monitor the load of the drive and to adjust the feed 

rate for optimum results. The electronic safety and diagnosis 

system virtually rules out operating errors.

ZM 200 at a 
Glance

afterbefore

Application 

Corn

Typical Sample Materials

RETSCH’s versatile ultra centrifugal mill processes, for 

example, chemical products, fertilizers, drugs, food and 

pharmaceutical products, powder coatings, refuse derived 

fuels etc.

...more details on www.retsch.com
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SR 300 – Rapid Grinding of Large 
Volumes

Thanks to the robust design and the possibility 

to process large sample volumes the rotor beater 

mill SR 300 can be used for sample preparation 

in the lab as well as for small scale production. 

and desagglomeration in the process line. Grinding 

steel. Thanks to the extensive free surface of the 

360 °C ring sieves the SR 300 processes samples very 

rapidly. The wide range of accessories for this mill 

matches the wide range of applications. 

The adjustable speed from 3,000 to 10,000 min-1 allows 

powerful drive capacity ensures high throughput with grind 

sizes down to < 50 microns. The mill provides results which 

are comparable to those achieved with the ultra centrifugal 

mill ZM 200 but accepts larger batches. The feed hopper can 

be easily removed for cleaning

Copyright © by RETSCH GmbH, Haan | www.retsch.com

SR 300 Technology: 

Size reduction and desagglomeration in rotor mills are achieved by 

 The feed material passes from the hopper 

into the center of the grinding chamber where it is crushed between the 

rotor, sieve and grinding insert. As soon as the material is smaller than 

the aperture size of the sieve, it passes into the collecting receptacle.

Rotor Beater Mill SR 300  

with base frame (option)

*depending on feed material and instrument configuration 

Benefits 

• Suitable for batchwise operation of larger quantities

• Increased rotor speed of 3,000 – 10,000 min-1 

• Accepts feed sizes up to 25 mm

• 
90

 < 50 µm*

• Optional grinding inserts 180° for grinding of hard-
brittle materials

• 
aperture sizes from 0.08 – 10 mm

• Quick cleaning thanks to removable sieve cassette, 

• Distance rotor for grinding temperature-sensitive 
samples

• 
dust-tight bayonet locking mechanism

• Quick-action door lock and safety lock

• Optional cyclone for improved material discharge and 
additional cooling

Video on www.retsch.com/sr300
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SR 300 at a 
Glance

Accessories and Options

The SR 300 is supplied with a 5 liter stainless steel 

A wide selection of accessories is available for optimum 

• Sieve frame with ring sieve 360° 

• Grinding insert 180° with ring sieve 180°

Recommended for grinding hard and brittle materials. Available 

• Distance rotor 

Recommended for grinding slightly oily and fatty or very soft 

substances.

•  

contamination.

•  

Provides additional cooling 

of the feed material and 

the grinding tools and 

improves discharge of the 

sample from the grinding 

chamber. For collecting 

vessels 5/30 liters.

• Vibratory feeder DR 100 

and 30 l collecting 

vessel 

Ideally suited for uniform 

material feed and for 

processing large volumes. 

 

The SR 300 can be bench-mounted or installed on the optional base 

frame.

afterbefore

Application 

Animal feed 

pellets

Typical Sample Materials

RETSCH rotor beater mills are used for rapid size reduction 

of large volumes of materials such as construction materials, 

soil, chemicals, drugs, fertilizer, feed pellets, grain, spices, 

coal, pharmaceutical products, seeds etc.

...more details on www.retsch.com
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Cross Beater Mill SK 300  

with optional base frame

SK 300 – Hard-to-beat Size 
Reduction

Beater Mill SR 300 is used for batchwise or continuous 

be operated in laboratories but also in production 

environments under rougher conditions. The 

maximum material feed size is 25 mm. Thanks to the 

powerful drive of the SK 300 and a rotor speed of up 

 it is often possible to achieve a grind 

size <100 microns in one working step.

is opened, the motor brake ensures that the rotor will come 

to a standstill in less than 0.5 seconds. The feed hopper and 

the optimized sample outlet are equipped with an access 

barrier that also prevents sample splashback. The SK 300 is 

robust, maintenance-free and thanks to the removable push-

life.

SK 300 Technology: 

impact and shearing. 

The feed material passes from the hopper directly into the center of the 

grinding chamber, where it is caught by the cross beater and ground 

insert. As soon as the material is smaller than the aperture size of the 

bottom sieve, it passes into the collecting receptacle.

*depending on feed material and instrument configuration 

Benefits 

• Suitable for batchwise operation of large quantities

• Material feed size up to 25 mm 

• Adjustable speed from 2,000 to 4,000 min-1

• 
90

 < 100 µm* due to bottom 
sieves with aperture sizes from 0.12 – 10 mm

• 
removable grinding insert

• 
dust-tight bayonet locking mechanism

• Quick-action door lock and motor brake

• Optional cyclone for improved material discharge and 

additional cooling

Video on www.retsch.com/sk300
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Accessories and Options

The standard equipment supplied with the SK 300 includes 

a 5 liter stainless steel collecting receptacle and a textile 

A wide selection of accessories is available for optimum 

• Bottom sieves 

from 0.12 – 10 mm.

•   

W

grinding.

•  

• 30 liter collector 

The 5 liter collecting receptacle can be replaced by a 30 liter 

collector which is connected to the mill with a corresponding 

• 
combination 

Provides additional cooling 

of the feed material and 

the grinding tools and 

improves discharge of the 

sample from the grinding 

chamber. For collecting 

vessels 5/30 liters. 

• Vibratory feeder DR 100 

Ideally suited for uniform 

material feed and for 

processing large volumes.

The SK 300 can be bench-mounted or installed on the 

optional base frame.

SK 300 at a 
Glance

afterbefore

Application 

Mortar

Typical Sample Materials

RETSCH cross beater mills are typically used for process-

ing, for example, soil, ores, glass, coke, minerals, oxide 

ceramics, slag, gravel, cement clinker, etc. 

...more details on www.retsch.com
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Benefits 

• 3 controlled speeds

• Cyclone separator with 250 ml collecting bottle for 

quick extraction of sample

• No cross contamination thanks to easy cleaning

• Ideal for grinding feeds, grains, forage and similar 
products

• Convenient operating panel

• Professional industrial design ensures long lifetime

The Cyclone Mill TWISTER was specially designed for 

the processing of food and feeds for subsequent NIR 

(Near Infrared Spectroscopy) analysis. It quickly and 

The high speed and the optimized geometry of rotor and 

grinding chamber generate an air stream which carries 

the sample through the integrated cyclone into the sample 

bottle. The cyclone provides cooling of the sample and 

the sample from the grinding chamber, avoids cross-

contamination. This prevents loss of moisture and thermal 

degradation and ensures preservation of the sample 

properties to be determined. The ground material is 

separated in the cyclone and collected in a sample bottle for 

full recovery. 

TWISTER – Reproducible Sample 
Preparation to NIR Analysis

Copyright © by RETSCH GmbH, Haan | www.retsch.com

Cyclone Mill Technology: 

impact and 

friction

ring. The feed material passes through the hopper (with splashback 

protection) onto the rotor, which rotates with high speed, and is thus 

submitted to preliminary size reduction. The sample is then projected 

outwards by centrifugal acceleration and is pulverized between rotor and 

grinding ring until the particles are smaller than the aperture size of the 

sieve insert.

Cyclone Mill 

TWISTER

*depending on feed material and instrument configuration 

www.retsch.com/twister
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TWISTER at a 
Glance

Accessories and Options

The Cyclone Mill TWISTER is supplied with the following 

• Aluminum rotor

• Stainless steel grinding ring with CrWFe coating

• Two stainless steel sieve inserts (1 mm and 2 mm)

• Adapter for connection of vacuum cleaner

•  

Other accessories:

• Sieve insert 0.5 mm and 0.8 mm

• Industrial vacuum cleaner

afterbefore

Application 

Hay

Typical Sample Materials

The cyclone mill TWISTER is perfectly suitable for grinding 

samples such as feed, grain, pharmaceutical products, 

tobacco, etc.

...more details on www.retsch.com
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The GRINDOMIX Knife Mills GM 200 and GM 300 

set new standards in food sample preparation. The 

in the perfect homogenization of samples with high 

the grinding chamber and still obtain an accurate 

analysis result.

The GRINDOMIX mills produce representative samples 

with minimum standard deviation within seconds. They are 

characterized by robust design, a strong industrial motor, 

high safety standards, and digital parameter setting with 

storage of SOPs. All these features make these mills the 

only professional solution for the laboratory, highly superior 

to any household mixer or conventional knife mill! Whereas 

the GM 200 processes up to 700 ml of sample material, the 

GM 300 also accepts larger volumes up to 4,500 ml for quick 

and reproducible homogenization.

GRINDOMIX – Perfect 
Homogenization with High 
Reproducibility

Copyright © by RETSCH GmbH, Haan | www.retsch.com

Knife Mill Technology: 

Two (GM 200 ) resp. four (GM 300) sharp, robust blades rotate in the 

center of the grinding container. Depending on the rotational direction, 

*depending on feed material and instrument configuration 

Benefits 

Video on www.retsch.com/gm

NEW
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Knife Mills at a 
Glance

Accessories and Options

lids is available for the GRINDOMIX 

GM 200 and GM 300 for optimum 

adaptation to a particular application. 

 

• Patented gravity lid 

Automatically adjusts the grinding 

chamber volume to the changing 

sample volume.

• Gravity lid with overflow channels  

Ideally suited to homogenize samples 

with a high water content.

• Stainless steel container 

Minimum wear when hard sample 

materials are processed.

• Reduction lid 

Reduces the chamber volume of the 

GM 200.

• Serrated blade knife 

Used for particularly tough samples 

such as fatty, streaky meat.

• Accessories for cryogenic 

grinding 

Applications with dry ice are carried 

out in the GM 300 with a full metal 

knife and a special lid.

afterbefore

Application 

Frozen pizza

Typical Sample Materials

The GRINDOMIX Knife Mills GM 200 and GM 300 provide 

...more details on www.retsch.com
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Benefits 

• Powerful size reduction – also of heterogeneous 
material mixes

• 

• 

cutting bars (SM 200 & SM 300)

• SM 300 with variable speed from 700 to 3,000 min-1, 

3 kW drive with high torque

• Rotational Energy Storage Technology (RES) provides 

exceptional cutting power reserves (SM 300)

• 

aperture sizes from 0.25 – 20 mm

• Low heat build-up

• 
smooth surfaces and foldback hoppers (SM 200 and 

SM 300)

• Highest safety standard due to motor brake, central 

locking device and electronic safety check

• Wide range of accessories including various hoppers, 

collecting systems, rotors and sieves

SM 100, SM 200, SM 300 –  
The Perfect Cutting Mill for Every 
Requirement

primary size reduction of heterogeneous material 

 

SM 100 – The Budget-Priced Basic 
Model

The SM 100 model is suitable for the size reduction of soft, 

comminuted without requiring extremely high forces. The 

mill is particularly suitable for routine applications. It is easy 

to operate and can be mounted on a solid table or on the 

optional base frame. 

Cutting Mill SM 100 

with optional base frame

*depending on feed material and instrument configuration 

Video on www.retsch.com/sm
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cleaning

3 double acting cutting bars provide 

 

(SM 200 & SM 300)

Cyclone-suction-combination ensures 

adequate cooling of sample and cutting 

tools (SM 200 & SM 300)

Superiority in Detail

SM 200 – The Universal Standard 
Model

Within the RETSCH cutting mill family, the SM 200 is the 

universal standard model which covers a vast range of 

applications with its strong 2.2 kW drive and 1,500 rpm 

rotor speed. It can be operated with the optional cyclone-

suction-combination to improve, for example, discharge 

of low-density materials. The hopper can be folded back 

cleaning without tools.

SM 300 – The High Performance 
Model with RES Technology

The SM 300 model is characterized by a high torque, maximum 

for optimum adaptation to the sample properties with regards 

to breaking behavior and temperature sensitivity, the SM 300 

features a variable speed from 700 min-1 to 3,000 min-1. Thus 

it is possible to grind a great variety of products with one mill, 

including tough and thermally sensitive materials. An additional 

thus enabling the SM 300 to grind many materials to analytical 

grinding chamber features an optimum geometry. The wide 

opening of the hopper and excellent feeding properties allow 

for large sample volumes, resp. pieces, thus increasing the 

throughput. Just like the SM 200, the SM 300 can be equipped 

with the cyclone-suction-combination which is especially 

The RETSCH Cutting Mills SM 200 and SM 300 excel especially 

high degree of safety and longevity of the grinding tools.

Cutting Mill SM 300

Cutting Mill 

 SM 200
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Accessories and Options

A comprehensive range of accessories allows for quick adaptation to individual application requirements. All three models are 

available in a special version for heavy-metal-free grinding (mill, rotor, sieves).

Rotors

• The parallel section rotor is equipped with 3 cutting 

plates and suitable for universal use.

• 

and brittle materials and for preliminary cutting of 

coarse goods.

• 

discharge. 

• E

• Improved material discharge from the grinding chamber

• 
amounts

• 
2 liters 

Other accessories

• Universal or long stock hopper

• 
grinding

• Collecting vessels from 0.25 l sample bottle to 30 liter 

plastic receptacle

• 
to remove dust

Cutting Mill Technology: 

cutting and shearing 

forces. The sample passes through the hopper into the grinding chamber 

where it is seized by the rotor and is comminuted between the rotor 

blades and the stationary cutting bars inserted in the housing. The 

enough to pass through the openings of the bottom sieve it is discharged 

and collected in the receptacle.



Cutting Mills 31

Milling

www.retsch.com | Copyright © by RETSCH GmbH, Haan

Cutting Mills at 
a Glance

afterbefore

Application 

wood

Typical Sample Materials

RETSCH cutting mills are suitable for a vast range of 

applications. Typical samples include lignite, non-ferrous 

wood, cables, bones, plastics, leather, organic and inorganic 

waste, paper, cardboard, plants, refuse derived fuels, straw, 

etc.

...more details on www.retsch.com
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Benefits 

• Suitable for dry, wet and cryogenic grinding

• Reproducible results by adjustment of the pestle 

pressure (via a scale) and digital time setting

• F
90

 < 10 µm*

• Easy exchange of pestle and mortar without tools

• Closed grinding chamber with windows

• Digital time setting from 0 to 99 min or continuous 
operation

• 
analysis sample preparation

• High-performance drive with electronic control

Mortar Grinder RM 200

RM 200 – The Classic Mill for 
Grinding, Mixing, Trituration 

The RM 200 is the latest generation of the classic 

and pestles more than 90 years ago. Mortar 

grinders are widely used for reproducible sample 

in pharmaceutics and homeopathy. The versatile 

in dry and wet condition and is the perfect choice for 

cryogenic disruption of large quantities of yeast cells.

The grinding sets of the RM 200 can be selected out of 

useable volume of 10 ml to 190 ml. The maximum feed size 

depends on the properties of the material and is approx. 

8 mm. The sample, or any additives like liquids, can be fed 

to the mill during operation. The contact pressure of the 

pestle and the scraper are adjustable. The RM 200 features 

a performance display which indicates the current workload 

RM 200 Technology: 

Mortar grinders comminute, mix and triturate by pressure and friction. 

The material is fed by the scraper into the area between the mortar and 

pestle. This forced feed ensures that the entire sample is continuously 

subjected to the grinding and trituration process and is also thoroughly 

mixed.

*depending on feed material and instrument configuration 

Video on www.retsch.com/rm200
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Accessories and Options

The choice of the suitable grinding set material depends 

primarily on the hardness of the sample and the possible 

processing.

•  

suitable for pharmaceutical and homeopathic products.

• 
2
O

3
 

suitable for soft to medium-hard or pasty substances 

•  

suitable for processing hard, abrasive materials, for 
long-term trials and heavy-metal-free grinding.

•  

suitable for non-abrasive samples and rough conditions. 

Stainless steel is also the material of choice for grinding 
frozen yeast cells. 

The standard scraper is made from abrasion-resistant 

polyurethane (PU). For applications in the pharmaceutical 

industry a special beech wood version is available. A PTFE 

scraper is particularly suitable for cryogenic grinding. The 

mortar of the RM 200 has a maximum useable volume of 

190 ml.

RM 200 at a 
Glance

afterbefore

Application 

Cocoa nibs

Typical Sample Materials

RETSCH’s Mortar Grinder RM 200 is used for dry, wet 

and cryogenic grinding of materials such as ash, soil, 

chemicals, drugs, spices, frozen yeast cells, food, oil 

seed, pharmaceutical and homeopathic raw materials and 

...more details on www.retsch.com
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Benefits 

• 
90

 < 50 µm*

• Material feed size up to 20 mm

• Accurate gap setting for reproducible grinding results

• 

long working life

• Easy access to grinding chamber facilitates cleaning

• Connector for dust extraction

• Maintenance-free 3-phase geared motor

• Combination of DM 200 with Jaw Crusher BB 200 

DM 200, DM 400 – Grinding Even 
the Hardest Products

The Disc Mills DM 200 and DM 400 process large 

batches of hard and abrasive materials and are also 

suitable for continuous operation. Their rugged design 

permits use under rough conditions in laboratories 

of raw materials. The disc mills achieve an average 

a single grinding process. The comfort model DM 400 

with an edge length of up to 20 mm. 

The gap between the grinding discs can be adjusted via a 

scale with an accuracy of 0.05 mm (DM 400) resp. 0.1 mm 

(DM 200) which ensures reproducible grinding results. 

Operation of the RETSCH Disc Mills is very easy. When the 

can be opened completely, providing easy access for 

cleaning and changing the grinding discs. The DM 200 and 

DM 400 may be equipped with an optional connecting piece 

for a dust extraction.

Copyright © by RETSCH GmbH, Haan | www.retsch.com

Disc Mill Technology: 

The feed material falls through the feed hopper into the dustproof 

chamber and is fed centrally between two vertical grinding discs. A 

pressure 

and frictional forces. The progressively arranged teeth of the grinding 

grinding takes place. The ground sample exits through the grinding gap 

and is collected in a receptacle. The gap width between the grinding discs 

is continuously adjustable.

Disc Mill DM 400

*depending on feed material and instrument configuration 

www.retsch.com/dm
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Disc Mills at 
a Glance

Accessories and Options

A set of grinding discs consists of 

material should be selected so that 

contamination of the sample is 

avoided and abrasion minimized.  

•  

suitable for standard 
applications, e.g. minerals with 

Mohs hardness 3 – 6.

• Manganese steel 

suitable for standard 
applications. The structure of 

manganese steel is compacted 
by pressure, thus getting harder 
with usage (strain hardening).

• Tungsten carbide (WC) 

suitable for extremely hard 

products with Mohs hardness > 6. 

• Zirconium oxide 

suitable for heavy-metal-free 
grinding, e.g. of dental ceramics

After a long period of use the 

grinding discs will show signs of 

wear. However, before they need to 

be replaced, the opposite side of the 

teeth can also be used by changing 

the direction of rotation of the 

motor. This considerably extends the 

working life of the grinding discs.

afterbefore

Application 

Clinker

Typical Sample Materials

Disc mills are suitable for grinding very hard materials like 

bauxite, dental ceramics, ores, gypsum, glass, dried soil, 

sewage sludge, coal, coke, quartz, slag, sintered ceramics, 

steatite, etc.

...more details on www.retsch.com



Vibratory Disc Mill36

Milling

Copyright © by RETSCH GmbH, Haan | www.retsch.com

Vibratory Disc Mill  

RS 200

RS 200 – Analytical Fineness in 
Seconds 

No Mill can beat the speed of a Vibratory Disc Mill 

when it comes to preparing samples for spectral 

plane drive achieves grind sizes <20 microns within 

seconds and with excellent reproducibility. The 

with heavy grinding sets and at maximum speed. 

Thanks to grinding sets in various materials and sizes, 

this mill can be used for a wide range of sample materials. 

Sensors detect grinding sets made of agate or tungsten 

carbide and automatically reduce the speed to the ideal 

setting for optimum results while protecting the grinding 

tools. Handling and operation of the RS 200 are user-friendly 

and ergonomic. A carry handle facilitates transport of the 

heavy grinding set which slides along a rail into the optimum 

position inside the mill. The new quick-action clamping 

minimum force. The correct locking and position of the 

grinding jar is monitored by sensors.

RS 200 Technology: 

The vibratory disc mill comminutes by pressure and friction. 

quick-action clamping device. The plate with the grinding set is 

subjected to circular horizontal vibrations. The centrifugal force 

acting on the grinding rings in the dish results in extreme pressure, 

impact and frictional forces acting on the sample. The Stabilized-

Plane-Drive prevents the jar from gyrating so that the entire energy 

is available for the grinding process.

*depending on feed material and instrument configuration 

Benefits 
• Excellent reproducibility

• Speed range 700 min-1 to 1,500 min-1, freely selectable

• New ergonomic design allows for back-friendly placing 
of the heavy grinding set which slides on a rail into the 
correct position inside the mill

• Quick-action clamping system for grinding set

• Powerful Stabilized-Plane-Drive

• Convenient 1-button operation with color display

• Memory for 10 Standard Operating Procedures (SOP)

• Sealed, noise-insulated grinding chamber

•  

• New carry handle allows for comfortable and safe 
transport of grinding set

• Automatic detection of agate and tungsten carbide 
(speed reduction to 700 min-1 resp. 1,200 min-1)

• Maintenance-free

Video on www.retsch.com/rs200

New carry handle
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250 ml) which makes the mill easily adaptable to a wide 

range of applications and ensures uncontaminated analyses.

A grinding set for the vibratory disc mill consists of a 

grinding dish with cover and a grinding disc. The 100 ml 

and 250 ml grinding sets contain an additional grinding 

ring. The grinding sets are characterized by the following 

• Safe, non-slip attachment with anti-twist lock on cover 

and base

• User-friendly gripping on cover and base

• Gap between dish and cover edge for easy opening

• Optimum sealing with O-ring (ideal for wet grinding)

• Protective jacket made from stainless steel (for agate, 
zirconium oxide and tungsten carbide dishes)

• 
material and volume)

RS 200 at a 
Glance

afterbefore

Application 

Slag

Typical Sample Materials

RETSCH’s Vibratory Disc Mill RS 200 rapidly pulverizes 

materials such as concrete, soil, ores, glass, ceramics, 

coal, coke, corundum, metal oxides, minerals, slag, silicate, 

cement, cement clinker etc

...more details on www.retsch.com
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Benefits 

• Crystal lattice structure is preserved

• Minimum sample contamination

• Narrow, reproducible particle size distribution

• Compact bench-top model

• Pouring lid for easy sample recovery

• Easy cleaning

• 

• Grinding performance adjustable in 4 steps

• 

• Suitable for dry and wet grinding

• Quiet operation

• Virtually maintenance-free

XRD-Mill McCrone

XRD-Mill McCrone – Rapid Particle 
Size Reduction for X-Ray Diffraction 

action of the cylinders producing both linear contact blows 

and planar shearing. This results in short grinding times 

with virtually no sample loss as well as exceptionally narrow 

particle size distributions. The crystal lattice structure of 

the sample is largely preserved.

The grinding vessel consists of a 125 ml polypropylene jar 

The jar is packed with an ordered array of forty-eight 

identical cylindrical grinding elements which are available 

in either agate, zirconium oxide or sintered corundum. For 

optimum micronization the mill is operated for periods of 3 to 

 

In the XRD-Mill McCrone size reduction is primarily achieved through 

friction. 48 cylindrical grinding elements are placed into the grinding jar in 

8 rows of 6 elements each. The grinding jar is gyrated around a horizontal 

axis. Each element within the jar moves with respect to its neighbor so as 

to produce linear contact blows and planar shearing. Thus the particles 

are pulverized to sizes in the lower micron range (typically < 10 µm). 

*depending on feed material and instrument configuration 

Video on www.retsch.com/xrd-mill
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Advantages of Wet Grinding

Both dry and wet grinding are basically suitable methods 

for sample preparation. Wet grinding causes minimum 

and replaced with the pouring lid for sample recovery. The 

ground slurry is then poured out. Repeated washing with 

liquid helps to remove sample residues from the grinding jar.

Accessories and Options

• 

• 
elements

• Loading device for grinding cylinder

• Sample preparation kit  

brush) 

XRD-Mill 
McCrone at a 
Glance

afterbefore

Application 

Glimmer

Typical Sample Materials

The XRD-Mill McCrone provides excellent grinding results 

for materials such as asbestos, borides, carbides, glass, 

glimmer, graphite, liver and muscular tissue, nitrides, 

paper, pigments, saw dust, slate, silicides, straw, talcum, 

clay, cement etc.

...more details on www.retsch.com



Mixer Mills 40

Milling

Copyright © by RETSCH GmbH, Haan | www.retsch.com

CryoMill

CryoMill Technology: 

With a frequency of 30 Hz the CryoMill pulverizes most materials very 

high energy on the sample material at the rounded ends of the grinding 

jar and pulverize it. The combination of impact and friction leads to 

CryoMill – Efficient Grinding 
at -196 °C 

Thermally sensitive and elastic substances are 

successfully processed by cooling with liquid nitrogen. 

grinding. It features an integrated cooling system 

nitrogen before and during the grinding process. Thus 

the sample is embrittled and volatile components are 

preserved.

The liquid nitrogen is continually supplied from an 

temperature at –196 °C. Thus the user never comes into 

direct contact with LN
2
 which ensures a high degree of 

operational safety. The automatic cooling system guarantees 

that the grinding process is not started before the sample 

is thoroughly cooled. This helps to reduce consumption and 

guarantees optimum grinding results.

Parameters such as oscillation frequency, pre-cooling time 

or grinding time can be digitally set via a clearly structured 

keypad. If longer grinding times are required, it is also 

possible to pre-select periods of intermediate cooling 

and the number of cryogenic cycles. The mill can also be 

operated without cooling which makes it suitable for a vast 

range of applications.

*depending on feed material and instrument configuration 

Benefits 

• F

• Ideal for plastics, temperature-sensitive materials 
and samples with volatile components

• 
nitrogen

• Automatic pre-cooling of sample and grinding jar for 
optimum results

• Programmable cooling and grinding cycles

• Highly reproducible grinding results

• Low consumption of liquid nitrogen

• Grinding jar materials include PTFE, stainless steel, 
hardened steel or zirconium oxide

• Memory for 9 Standard Operating Procedures (SOP)

• Suitable for dry and wet grinding

Video on www.retsch.com/cryomill
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Accessories and Options

The CryoMill is equipped with one grinding station for screw-

top grinding jars with volumes of 10 ml, 25 ml, 35 ml or 

50 ml. It is also possible to use adapters for 4 grinding jars 

of 5 ml each as well as for 6 reaction vials of 2 ml each. For 

applications where steel jars cannot be used due to possible 

zirconium oxide and matching grinding balls. Alternatively, 

grinding jars of PTFE are available.

LN
2
 Feed

For safe and comfortable 

operation of the CryoMill, 

system for liquid nitrogen 

which is available with a 

50 liter container and provides 

cooling for approximately 

5 hours. It is also possible to 

connect existing cryo tanks 

to the mill, using a connection 

tube with safety valve. 

CryoMill at a 
Glance

afterbefore

Application 

rubber duck

Typical Sample Materials

Due to the automatic embrittlement of the samples the 

CryoMill is suitable for pulverizing, for example, waste, soil, 

chemical products, tissue, hair, wood, sewage sludge, bones, 

plastics, oil seed, paper, plants, pills, textiles, animal feed, 

wool etc.

...more details on www.retsch.com
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Benefits 

• 

• Suitable for wet and cryogenic grinding (MM 400)

• High sample throughput due to two grinding stations 
and short grinding times

• Digital parameter setting ensures reproducible 
results

• 
jars

• Memory for 9 Standard Operating Procedures (SOP)

• Adapter for single-use vials, simultaneous 
preparation of up to 20 biological samples 

• Suitable for cell disruption of up to 240 ml (8 x 30 ml) 
cell suspension (MM 400) 

• Suitable for mixing up to 8 samples in 50 ml 
centrifuge tubes (MM 400)

MM 400 – Grinding, Mixing, 
Disrupting Small Sample Amounts

The Mixer Mill MM 400 is a true multipurpose talent 

wet and cryogenic grinding of small sample amounts. 

range.

The mixer mill simultaneously pulverizes two samples from 

0.2 to 20 ml. Thanks to the self-centering mechanism of the 

grinding jars and the self-locking clamping device handling 

of the grinding jars is extraordinarily safe and convenient. 

The MM 400 is perfectly suitable for the disruption of up to 

20 samples of biological cells in one working run as well as 

for DNA/RNA and protein extraction. The MM 400 can also 

these may also be embrittled in liquid nitrogen for cryogenic 

applications.

warmed due to the very short grinding time. Thus most ma-

terials can be pulverized and mixed at ambient temperature, 

process, the MM 400 is also perfectly suited to mix powdered 

sample and binder in plastic vessels prior to pelletizing, for 

example for XRF analysis.

For dry processing of small sample volumes RETSCH also 

Copyright © by RETSCH GmbH, Haan | www.retsch.com

Mixer Mill Technology: 

The grinding jars perform horizontal oscillations. The inertia of the 

grinding balls causes them to impact with high energy on the sample 

material at the rounded ends of the grinding jars and pulverize it. 

Moreover, the movement of the grinding jars combined with the 

movement of the balls result in the intensive mixing of the sample. The 

degree of mixing can be increased by using several smaller balls. 

*depending on feed material and instrument configuration 

Video on www.retsch.com/mm
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Mixer Mills at a 
Glance

Accessories and Options

The MM 400 can be equipped with 

screw-top grinding jars from 1.5 ml 

to 50 ml. Available materials include 

hardened steel, stainless steel, 

tungsten carbide, agate, zirconium 

oxide, PTFE. Adapters for 0.2 ml to 

50 ml single-use vials are used for cell 

disruption and DNA/RNA extraction.

• Suitable for wet and cryogenic 
grinding

• Ultimate reproducibility by 
automatic centering and uniform 
jar design 

• Ergonomic gripping flanges on jar 
and lid

• Stainless steel protective jacket 
(for agate, zirconium oxide and 
tungsten carbide jars)

afterbefore

Application 

Hair

Typical Sample Materials

RETSCH mixer mills are true allrounders. They homogenize, 

for example, waste, soil, chemical products, coated tablets, 

drugs, ores, grain, tissue, glass, hair, ceramics, bones, 

plastics, alloys, minerals, oil seeds, plants, sewage sludge, 

pills, textiles, wool etc.

...more details on www.retsch.com
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High Energy 

Ball Mill E
max

E
max

 – The Revolution in Ultrafine 
Grinding 

The E
max

 is an entirely new type of ball mill for high 

energy milling. The unique combination of high fric

within a very short time. The high energy input is a 

 and the 

An innovative cooling system with water ensures that the 

-

cess without overheating the sample. Due to the special 

grinding jar geometry, the sample is thoroughly mixed 

which results in a narrow particle size distribution. Unlike 

other high energy ball mills, the E
max

 is capable of contin-

uous grinding operation without interruptions for cooling 

down. This dramatically reduces the grinding time. The high 

mechanical alloying or grinding down to the nanometer 

range. 

Features such as the integrated safety closure of the grind-

ing jar, control of the set temperature with automatic speed 

reduction, and integrated imbalance controls make opera-

tion of the bench-top mill E
max

 very user-friendly. 

E
max

 Technology: 

The interplay of jar geometry and movement causes strong friction 

between grinding balls, sample material and jar walls as well as a rapid 

acceleration which lets the balls impact with great force on the sample 

the particles resulting in smaller grind sizes and a narrower particle size 

distribution than in conventional ball mills.

NEW

*depending on feed material and instrument configuration 

Benefits 

•  
ball mill

• Unmatched speed of 2,000 min-1

• Innovative integrated liquid cooling allows for 
continuous operation without cool down breaks

• Temperature control mode

• Special jar design for narrow particle size 

distributions

• Patented drive concept

• Easy operation via touch screen, memory for 10 SOP 

• Two grinding stations, grinding jars with integrated 
safety closure

• Selection of materials ensures neutral-to-analysis 
size reduction

Video on www.retsch.com/emax
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Cooling and Temperature Control

The grinding jars of the E
max

 are cooled in their bracket by 

an integrated water cooling system. To further reduce the 

temperature, the mill can be connected to a heat exchanger 

or the tap. The E
max

 software allows the user to carry out 

i. e. he can set a minimum and a maximum temperature. 

When the maximum temperature is exceeded, the mill 

automatically stops and starts again upon reaching the 

minimum temperature.

Accessories and Options

•  

– stainless steel 50 ml, 125 ml 

– zirconium oxide 50 ml, 125 ml 

– tungsten carbide 50 ml.

• Grinding balls 

stainless steel, zirconium oxide, tungsten carbide 

– up to 12 mm for 50 ml grinding jar or 

– up to 15 mm for 125 ml grinding jar. 

• Aeration lid  

for grinding under inert atmosphere

zirconium oxide jars.

E
max

  

at a Glance

afterbefore

Application 

Ores

Typical Sample Materials

The High Energy Ball Mill E
max

gypsum, glass, semi-precious stones, wood, lime, catalysts, 

ceramics, bones, coal, alloys, metal oxides, minerals, 

pigments, quartz, slag, tobacco, tea, clay minerals, cement 

clinker etc.

...more details on www.retsch.com

Measuring System GrindControl

By continuously measuring pressure and temperature the 

processes and reactions which take place inside the grinding 

jar during grinding can be monitored and recorded.

Aeration cover
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Benefits 

•  

to the submicron range 

• Reproducible results due to energy and speed control

• 1-button operation and graphics display

• Memory for 10 Standard Operating Procedures (SOP)

• Smooth and safe operation

• Suitable for long-term trials and continuous use

• D  

• Grinding jar volumes from 12 ml to 500 ml, 

• Automatic direction reversal helps to avoid caking

• Free-Force-Compensation-Sockets for perfect stability 

on the bench 

• Programmable starting time

• Automatic grinding chamber ventilation

Planetary Ball Mill 

PM 400 | PM 400 MA 

The powerful and versatile planetary ball mills meet 

and exceed all requirements for fast and reproducible 

grinding down to the submicron range. They are used 

processing to colloidal grinding and mechanical 

alloying. The extremely high centrifugal forces of the 

planetary ball mills result in exceptional pulverization 

energy and therefore short grinding times.

The planetary ball mills are available in versions with 1, 2 

and 4 grinding stations. The freely selectable parameter 

settings, comprehensive range of grinding jars made from 

top-quality materials as well as the numerous possible ball 

charge combinations (number and ball size) allow for individual 

adaptation to a particular size reduction task and are the basis 

of unmatched versatility in the PM range.

All RETSCH planetary ball mills feature programmable starting 

time, power failure back-up with storage of the remaining 

grinding time and automatic grinding chamber ventilation 

which also cools the grinding jars during operation. Grinding 

parameters are easily selected and stored via a single 

button and a graphic display. The mills – which are available 

performance, safety and reliability.

PM Series – Grind Sizes Down to the 
Nanometer Range

*depending on feed material and instrument configuration 

Video on www.retsch.com/pm
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Range of Models

Planetary Ball Mill PM 100

This ball mill is equipped with one grinding station and pulverizes and mixes a 

large number of materials. It can be operated with grinding jar volumes from 12 ml 

to 500 ml. Thanks to the Free Force Compensation Socket (FFCS) technology 

the vibrations of the mill are compensated. If the PM 100 is placed on a suitable 

laboratory bench, it can be left unattended during operation.

Planetary Ball Mill PM 100 CM

by pressure and friction than by impact. This not only reduces abrasion but also 

heat built-up inside the grinding jar. Hence it is possible to process agglomerating 

materials in a more gentle way.

Planetary Ball Mill PM 200

The PM 200 possesses 2 grinding stations for grinding jars with a nominal volume 

of 12 ml to 125 ml. The larger sun wheel diameter results in a higher energy input 

compared to the PM 100.

Planetary Ball Mill PM 400

nominal volume of 12 ml to 500 ml. It can process up to 8 samples simultaneously 

which results in a high sample throughput. 

Model PM 400 MA

To generate the high energy input which is required for mechanical alloying of hard-

Pressure and Temperature Measuring System GrindControl

Planetary Ball Mill 

PM 100 | PM 100 CM 

Planetary Ball Mill PM 200 

Due to their high energy input Planetary Ball Mills are frequently used for the 

development of new materials by mechanical alloying. The processes and reactions 

which take place in the grinding jar during grinding can be measured and monitored 

with the software controlled GrindControl system. It is available with a stainless 

steel grinding jar of 250 ml or 500 ml. Jar and PC communicate via a robust and 

complete system – including accessories such as the grinding jar and a conversion 

kit for gassing – is delivered in an aluminum case.

Measurement ranges

• 

•  
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Safety

The planetary ball mills feature a Safety Slider which 

ensures that the mill can only be started after all grinding 

self-acting lock ensures that the grinding jars are seated 

correctly and securely.

Thanks to the automatic cover closure, the machine does 

not start unless the cover is properly closed. It can only be 

opened when the mill is at a complete standstill.

The Free-Force-Compensation-Sockets (FFCS) compensate 

vibrations and secure the stability of the mills on the bench.

The “comfort” range of grinding jars has been specially designed for extreme working conditions such as long-term trials, wet 

grinding, high mechanical loads and maximum speeds as well as for mechanical alloying.

• Grinding jar sizes from 12 ml to 500 ml

• Hardened steel, stainless steel, tungsten carbide, agate, 

sintered aluminum oxide, zirconium oxide, silicon nitride, PTFE

• O-ring for gas-tight and dust-proof seal 

• User-friendly gripping flanges on jar and lid

• Safe, non-slip seating with built-in anti-twist lock and conical 

base centering

• Gap between jar and edge of lid for easy opening 

• Optional safety closure device for gas-tight handling inside  

and outside of glove boxes

• Optional aeration lid for creation of inert atmosphere inside  

the grinding jar

• PM 100, PM 100 CM and PM 400 also accommodate stacked 

grinding jars in various sizes

Planetary Ball Mill Technology: 

The grinding jars are arranged eccentrically on the sun wheel of 

the planetary ball mill. The direction of movement of the sun wheel 

superimposed rotational movements, which cause the so-called Coriolis 

an interaction between frictional and impact forces, which releases high 

dynamic energies. The interplay between these forces produces the high 

Grinding Jars „comfort“

Copyright © by RETSCH GmbH, Haan | www.retsch.com
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Planetary Ball Mills at 
a Glance

...more details on www.retsch.com

Application 

Composite 

ceramics

Typical Sample Materials

RETSCH planetary ball mills are perfectly suitable for size 

reduction of, for example, soil, chemical products, ores, glass, 

household and industrial waste, ceramics, sewage sludge, 

alloys, minerals, plants etc.
afterbefore
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online database 

www.retsch.com/applicationdatabase contains many more test reports. 

test grindings of customer samples. You will 

receive your pulverized sample together with a test report with information about recommended instrument 

visit our application laboratory to assist the trials and get to know 

The Perfect Solution for Any Product and Analysis Method

Copyright © by RETSCH GmbH, Haan | www.retsch.com

For the majority of analysis methods only a few milligrams 

or grams of sample are required which should represent the 

original material. If the sample is not representative, the 

results will vary with regards to the composition of the mate-

rial, depending on the part of the original material from which 

the sample was taken. Therefore, complete homogenization 

is an important prerequisite for representative sample prop-

erties and for correct qualitative and quantitative evaluation 

of the material. Basically, when selecting grinding parame-

subsequent analysis method.

 Page

• Soil, sewage sludge . . . . . . . . . . . . . . . . . . . . . . . . .51
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Soil, Sewage Sludge

Samples of soil or sewage sludge are usually heterogeneous and may contain, for example, straw 

or stones. They are frequently moist and, when containing clay, even greasy. Which type of mill is 

suitable for pulverization and homogenization depends on the sample characteristics. As samples 

are often analyzed for their heavy metal content, it is paramount to use grinding tools made of 

materials which guarantee neutral-to-analysis sample preparation.

  The achieve

 
 
Plants, Wood, Straw

Materials such as straw or wood are tough and elastic and frequently contain moisture. For size 

reduction of such samples RETSCH cutting or rotor mills are the best choice. These can be equipped 

  The achieve
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Fertilizers

distinction is made between organic fertilizers which are heterogeneous, for example manure 

or compost with soft-greasy or hard-brittle properties, and mineral fertilizers such as nitrate or 

phosphate compounds which are usually abrasive, hard and brittle. The choice of a suitable mill 

depends on the characteristics of the sample to be homogenized. 

  The achieve

Feed

RETSCH mills ensures that all sample components are uniformly represented in the analysis sample. The 

size reduction process should not have any impact on the residual moisture content, particularly if the 

sample is to be analyzed for nutritional values which are generally related to the dried substance.

  The achieve
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Food

Food occurs in a great variety of forms and consistencies and is often inhomogeneous. Food 

testing labs require representative samples to obtain meaningful and reproducible analysis results. 

For samples with high water, sugar or fat content, RETSCH’s GRINDOMIX knife mills are the perfect 

choice. For medium-hard and granular food samples like grain one of the RETSCH rotor mills should 

be used. Cutting mills like RETSCH’s powerful SM 300 are suitable for grinding large quantities of 

grinder like the RM 200.

  The achieve
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Pharmaceutical Products

Pharmaceutical products such as pills or capsules are often composed of inhomogeneous 

components. Some have a sugary coating which makes the sample clump together during 

sensitive ingredients are involved, the homogenization process should not lead to heat build-up 

beyond a certain temperature in order to preserve these components for subsequent analysis. This 

can be ensured by improving the breaking properties of the sample by embrittlement during the 

grinding process. A range of RETSCH mills is suitable for this application.

  The achieve

 
Chemical Products

Adequate sample preparation ensures that the analyzed sample volume – which often is not more 

than a few grams – represents the original sample. For neutral-to-analysis size reduction of chemical 

products, which can vary strongly in their consistency from abrasive to greasy or from brittle to 

  The achieve
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Construction Materials

product portfolio comprises sample preparation equipment suitable for the various production 

steps of construction materials – from the quarrying to the end product. Sample preparation is 

  The achieve
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Minerals, Ores, Rocks 

properties vary from brittle and abrasive (e.g. slag) to ductile behavior (e.g. metals in ore). RETSCH 

  The achieve

 
 
Glass, Ceramics

Glass and ceramics as well as the raw materials required for their production are usually hard and 

brittle. Jaw crushers, disc and ball mills are most suitable to reduce these materials in one or two 
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Coal, Coke

Coal and coke occur in a great variety of compositions. Lignite often contains more residual 

and therefore requires extreme energy input to be pulverized. Laboratories worldwide produce 

representative and homogeneous analysis samples with RETSCH crushers and grinders. 

  The achieve
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Electronic Scrap, Secondary Fuels

Both materials usually occur in very inhomogeneous forms. Electronic scrap may contain components 

a mixture of elastic plastics, organic materials such as wood, plants or soil, and hard materials like 

glass, small stones or metal pieces. Cutting mills are best suited to reduce the particle size of these 

materials without too much heat build-up. Large metal pieces such as screws or nails, however, 

should be removed from the sample before grinding as these would accelerate the wearout of the 

second step, embrittlement with liquid nitrogen or dry ice is strongly recommended.

  The achieve

 
 
 
 
Plastics, Cables, Elastomeres, Caoutchouc 

Pulverizing plastics and elastomeres can be a true challenge due to their elastic and tough properties. 

Liquid nitrogen or dry ice are suitable grinding aids which improve their breaking behavior. The 

CryoMill is the perfect mill to pulverize these samples under constant cooling with LN
2
. Before the 

actual grinding process starts, the sample is cooled down automatically to a constant temperature 

of -196 °C. It can also be useful to process plastics with better breaking properties cryogenically if, 

for example, volatile components need to be preserved during grinding.



Typical Applications 59

Milling

www.retsch.com | Copyright © by RETSCH GmbH, Haan

  The achieve

 
 
Leather, Textiles 

with liquid nitrogen.

  The achieve

 
 

teeth.

  The achieve
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Cell Disruption, DNA or Protein Extraction, Tissue 
Homogenization

The RETSCH product range features various mills which are suitable for sample preparation of 

algae in a Mixer Mill MM 400 with glass beads (Bead Beating). The mill can be equipped with adapters 

for single-use tubes and vials. In contrast to the manual procedure cell disruption in the mixer mill 

is fully automatic and therefore highly reproducible. Moreover, the sample is hardly warmed during 

the cell material must not be warmed, the CryoMill is used for disruption under liquid nitrogen.

  The achieve

Grinding in the Nanometer Range

Nano technology deals with particles in a range from 1 nm to 100 nm that possess special properties 

related to their size. Nano particles are produced either by the “bottom up” or “top down” method. 

based on colloidal grinding. For the top down method the particles are dispersed in liquid, for 

ball mills and the high energy ball mill E
max

 RETSCH possesses suitable mills and the required know-

how for grinding applications in the nanometer range.



Typical Applications 61

Milling
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There are various methods to produce alloys. The classic way is to fuse the components at very 

high temperatures. If only small quantities are required or if the alloys cannot be fused by melting, 

mechanical alloying is an alternative. For this application ball mills are ideally suited because they 

provide high energy input. Mechanical alloying uses intensive kinetic processes to fuse powdery 

components. Alloys are mostly hard-brittle but may also have ductile metal components. RETSCH’s 

planetary ball mills and high energy ball mill E
max

 are perfectly suited for mechanical alloying. 

Preparation of the alloys for further analysis can be carried out in a vibratory disc mill.

  The achieve
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Browse our online application data base at www.retsch.com/applicationdatabase 

for more examples. 

Your application is not listed?



Key Facts on Milling

Milling

Copyright © by RETSCH GmbH, Haan | www.retsch.com

They Way to Correct Analysis Results

methods include spectroscopic or chromatographic analyses. If the particle size of the material is too large for 

 

size reduction on a laboratory scale is also essential for the development of new products or production processes. 

 

Usually only a few grams or milligrams of sample are required for 

sample. Depending on the part of the original material from 

which the sample has been taken, information on the composition 

of the material may vary greatly, as some components may be 

overrepresented in that part. To obtain a uniform distribution of 

components and properties in the laboratory sample it needs to 

be homogenized. If you take a 1 g analysis sample from a cereal 

bar, for example, this could consist of a raisin, a nut or a few 

grains. It is obvious that using such a sample for analysis will not 

provide representative results. Only through homogenization 

will parts of the raisin, the nut and the grains be included in the 

sample. Sometimes sample particles can be inhomogeneous in 

themselves, for example a grain of wheat.

Required Fineness

most techniques lies between 20 µm and 2 mm.

Production of a representative part sample through milling
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Sample Preparation

following analysis should always be taken into account when homogenizing a particular sample.

Before starting the actual grinding process it must be examined if the sample can be processed without division or further 

treatment.

Sample Division:

The sample quantity is an important factor for correct sample preparation. How much sample is required for analysis? How big 

is the original quantity in relation to that and what is the particle size? These parameters determine the required amount which 

is needed for the part sample to be representative. Representative means that the composition of the part sample is identical to 

that of the original sample.

Sample Treatment:

results. Therefore, the sample needs to be treated before being homogenized.

Sample Division

Most laboratory samples consist of an inhomogeneous mixture. 

during transportation. Extraction of a part sample by sample division 

is either carried out after preliminary grinding of the entire laboratory 

sample, or directly from the original material. The selection of the 

division method and instrument depends on the sample material and 

rotary tube dividers and sample dividers with a rotating dividing head 

Manual random sampling is only acceptable if the sample is absolutely 

homogeneous.

 

at the bottom. If a sample is extracted from the upper 

part, representativeness is not guaranteed.
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Sample Treatment

Drying

In most cases moist samples have to be dried before being 

subjected to size reduction. When choosing the drying method and 

temperature, care should be taken not to alter the properties of 

the sample to be determined. This is particularly important when 

dealing with volatile components such as furans, polychlorinated 

biphenyls or dioxins. Usually, these sample types can only be air-

dried at room temperature.

RETSCH’s TG 200 is suitable for gentle 

bed drying method. For many products 

the drying time is as little as 5 to 20 

minutes.

Other methods include vacuum 

and freeze drying as well as drying 

cabinets.
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Metal Separation

Samples such as industrial waste, recyclable waste or secondary fuels often contain metal components which cannot be 

pulverized with laboratory mills. On the contrary, metal objects such as steel nails or iron screws can damage the grinding tools 

which may lead to a considerable deterioration of the mill’s performance. Therefore, metal components need to be removed 

before grinding, for example by using a magnetic separator, and evaluated separately if required.

Embrittlement (with liquid nitrogen or dry ice)

Cooling the sample material often improves its breaking behavior. 

Hence, temperature-sensitive materials such as some types of 

plastics need to be cooled directly before being subjected to 

in liquid nitrogen (N
2
, LN). At a temperature of -196 °C even soft 

rubber becomes so hard and brittle that it can be pulverized. 

Another way of embrittlement is to mix the sample with dry ice 

(CO
2
 at -78 °C). 

• Cryogenic grinding is used when volatile components of the 

sample need to be preserved. 

• Materials which must not become moist should not be treated 

with cooling agents as the humidity condensates on the sample.

• Cooling agents such as LN or dry ice should not be used in closed 

grinding tools as evaporation causes overpressure inside the 

jar. Grinding jars of stainless steel, for example those used with 

material, closed tightly and are then cooled in liquid nitrogen at 

-196 °C before being inserted into the mill. For grinding under 

continuous cooling RETSCH’s CryoMill is the perfect choice.

Material embrittled with liquid 

nitrogen

CryoMill

TG 200 for drying 

small amounts of 

3 x 0.3 l or up to 

1 x 6 l
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Size Reduction Principles

always depends on the breaking properties of the sample material. Hard-brittle materials are best pulverized through impact, 
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Force is applied between 

two solid surfaces. These 

can be the surfaces of 

the grinding tools or 

of adjacent particles. 

Pressure is exerted by the 

grinding tools.

Force is applied on/to a 

solid surface. It can either 

be generated by a grinding 

tool or by particles of the 

sample. Impact is mainly 

caused by one-sided 

and reciprocal particle 

acceleration.

Force is applied between 

two solid surfaces. 

Produced by the vertical 

pressure of one surface 

and the simultaneous 

movement of another 

surface.

Force is applied between 

two or more solid surfaces 

moving in opposite 

directions which causes a 

surface.

Force is applied by blades 

or by a combination of 

bars.

• Jaw crusher 

• Toggle crusher

• Mixer mills

• Planetary mills

• Impact mills

• Jet impact mills

• Mortar grinders

• Disc mills

• Hand mortars

• Rotor beater mills

• Cross beater mills

• Ultra centrifugal mills

• Shredder

• Cutting mills

• Knife mills

Typically, various size reduction principles are combined in a RETSCH mill, such as pressure and friction in mortar grinders or 

shearing and impact in rotor mills.
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Grinding Tools

Each RETSCH mill is equipped with grinding tools that are optimized with regards to their functionality and handling. However,

accessories to provide the optimum solution for each application. For ball mills, for example, the choice of jar volume, ball charge 

and material depends on the type and amount of sample. The pulverization energy is determined by the density and weight of 

the ball material. Jar and balls should always be made of the same material. 

Materials

The materials used for RETSCH grinding tools can be 

• Metal (steel, tungsten carbide, cast iron, titanium)

• Ceramics (zirconium oxide, sintered aluminium oxide, 

hard porcelain, silicon nitride)

• Natural stone (agate)

• Plastics (PTFE)

The chemical and physical properties of a material determine 

whether it is available for a particular type of mill. Grinding

tools made of steel are available for all mills.
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Please visit the download area of our website www.retsch.com/downloads for a detailed overview of all materials used in RETSCH instruments 

including material analyses for all grinding tools. 

•  

material:

 The material of the grinding set should be harder than 

the sample to avoid wear. For example, silica sand should 

not be ground with agate tools but with the much harder 

zirconium oxide.

• Abrasion resistance:

 Abrasion resistance indicates how resistant a material 

is to signs of wear. Tungsten carbide and silicon nitride 

are highly resistant to abrasion. However, the amount of 

abrasion also depends on the properties of the sample 

and the size reduction principle of the mill. 

• Possible contamination through abrasion

 Abrasion cannot be completely avoided in mechanical size 

reduction processes. Therefore, when choosing a material 

it should be taken into account if possible contamination 

subsequent analysis (e.g. abrasion of chrome or nickel 

• Energy input

 Another important feature of ball mills and vibratory 

materials. Grinding balls of tungsten carbide, for example, 

generate a much higher energy input, and thereby a 

of the material, than balls of the same size of other 

materials.

Application examples:

• If soil samples are to be analyzed for iron, chrome or 

cobalt, grinding tools of stainless or hardened steel are 

not suitable as they contain the elements which are to be 

determined.

• If, however, calcium or silicon dioxide are to be analyzed 

in cement clinker, grinding jars of steel are suitable.

• PTFE, zirconium oxide, silicon nitride and glass can be 

food or microbiological samples.

• Homeopathic products and pharmaceuticals, for example, 

should only be ground in ceramic or agate grinding sets in 

order to avoid contamination of the sample. 

The table below provides an overview of characteristics such as hardness, energy input, wear resistance and possible contamination 
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Hardness

The term hardness describes the mechanical resistance of a material against the penetration of a foreign material. In materials 

(pressure, angle).

scratch hardness of minerals on the basis of a 10-step scale. The scales of Brinell (HB), Rockwell (HRA / HRB / HRC) and Vickers 

(HV) originate from the metallurgical sector. 

It is not always possible to convert the hardness values from one scale to another. The table below shows a comparison of the 

scales of Mohs, Vickers, Rockwell (HRA / HRB / HRC).

Grinding Aids

mill types with a suitable size reduction principle. However, some applications cannot be carried out successfully with common 

laboratory mills despite the wide range of accessories. Challenging grinding tasks include moist samples that cannot be dried as 

add a liquid.

In the above cases, the use of a grinding aid can be helpful. Grinding aids are additives which activate, accelerate and improve 

chemical or physical processes. Before using a grinding aid for the preparation of solids it must be ensured that the
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Expert Guides

Would you like to learn more about Milling and Sieving?

Please visit our website and download

“The Art of Milling” with comprehensive material overview

“Sieve Analysis – Taking a close look at quality” with sieve comparison table

www.retsch.com/downloads

We are happy to send you a printed copy on request.
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