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ARESEEN MM 400
REPRODUCIBILITY OF MECHANOCHEMICAL REACTIONS IN THE
MIXER MILL MM 400

Reproducibility is a fundamental principle of scientific research and is essential for ensuring the credibility and
reliability of scientific findings. The Mixer Mill MM 400 was tested regarding the reproducibility within a
mechanochemical reaction, and it could be proven that it provides excellent reproducibility during several
repetitions, for both clamping positions, and also between different devices. [1]
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Minor variations of the frequency from 30 Hz to 29 Hz or 28 Hz have an influence on the yield of the reaction. It
is of fundamental interest that the mixer mill maintains a set value, e.g. 30 Hz, and does not deviate from it. A
premise which is fulfilled by the MM 400 which comes with a calibration certificate.

The mechanochemical reaction y-Al,Oz + ZnO -> ZnAl>,O,4 was conducted for 30 min using 25 ml grinding jars,
2 x 15 mm grinding balls, 1 g educts, at 28 Hz, 29 Hz and 30 Hz five times in a row. The comparison between left
and right clamping station showed highly reproducible results, also the comparison between the 5 trials.
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XRD patterns after the mechanochemical reaction y-Al,Oz + ZnO -> ZnAl,Oy4: Left: Grinding at 28 Hz, 29 Hz and 30 Hz, results after 5th
reaction. Middle: Comparison left and right grinding station at 28 Hz 5th reaction each. Right: Reaction 1to 5 at 30 Hz, right grinding
station. Results presented by the group of Claudia Weidenthaler. [9]

The experiments were repeated using another MM
400 device to compare the results between the two
mills. Again, the excellent reproducibility was verified il P ————
for the 5 tests conducted at 30 Hz, for both, left and
right grinding station.
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Almost identical results (weight % of educts and product) and
reproducibility are obtained with a different MM 400 device.
Results presented by the group of Claudia Weidenthaler. [1]
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MIRESEEN MM 400
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IN-SITU RAMAN SPECTROSCOPY

In-situ Raman spectroscopy is a powerful analytical
technique that allows for the monitoring and
analysis of materials in their natural or process
environment. This method utilizes Raman scattering,
a phenomenon where light interacts with molecular
vibrations, leading to shifts in the wavelength of the
scattered light. These shifts provide a unique
spectral fingerprint for the material being analyzed,
offering insights into its chemical composition or
molecular structure.

portor VERDER,

The "in-situ" aspect refers to the ability to observe
and measure these characteristics directly during an
ongoing process. This can include observing
changes in the presence of various chemical
reactions, also the so called mechanochemistry.
Mechanochemistry involves the use of impact,
shearing, or friction actions to induce chemical
changes in solids. This approach is increasingly
popular for its ability to bypass the need for solvents,
potentially offering a more environmentally friendly
and energy-efficient pathway for chemical synthesis.
The Raman spectroscopy can provide invaluable
insights into the reaction mechanism, phase
transformations, reaction kinetics or for optimization
of reaction conditions.

The MM 400 is “Raman-ready”, allowing easy removal of the bottom plate inlay. The bottom plate has openings
for the Raman probe to consistently measure at the bottom of the jars by placing the Raman probe
underneath the mill and thus underneath the jars, where particle interaction is most intense, ensuring
accurate data. The Retsch PMMA grinding jars, with their transparency and chemical resistance, enhance
spectral data without contamination. The plane outer shapes of the jars further enhance the spectroscopic
data. These design adjustments streamline the experimental workflow. Researchers can now perform in-situ
Raman spectroscopy with greater ease and precision, opening new possibilities for in-depth material analysis.
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AHEGEKEN MM 400
RECOMMENDED JAR FILLINGS
BFOARNNSEFREEEN, UARRELSR, BRERAT, HEROANNERAFMEFRTHIE, TRPSHIIKE

HENA/NNEEX—ZILEN, FliN, EHERSEXRA/NNTRIAMN20ZAFm, BINEASOZEHAEFF25Z KK,
RIEZER, RFEE—NHERK, AN, 202 ABRSZRKMAAMNFR, TUBEMSZERIEHITERLME,

Grinding jar Ha¥E SA#HFR Recommended ball charge (pieces)

nominal ~F
volume @5 27 @10 212

mm mm mm
1.5 ml 02-05 Tmm 1-2 - = = - - _

ml

5ml 05-2ml | 2mm - 1-2 - - = - -
10 ml 2-4ml 4 mm - 5-7 1-2 1-2 - - =
25 ml 4-10ml | 6mm - - 5-6 2-4 1-2 - -
35 ml 6-15 ml 6 mm - - 6-9 4-6 2-3 1 -
50 ml 8-20ml [ 8 mm - - 12-14 6-8 3-4 1 1

The table shows the recoommended charges (in pieces) of differently sized grinding balls in relation to the
grinding jar volume, sample amount and maximum feed size.
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