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CHEMISTRY IN THE MILL: TEFLON RECYCLING (PTFE) USING
MECHANICAL ENERGY

MECHANOCHEMICAL RECYCLING OF PTFE (TEFLON)

Mechanochemical reactions can also be carried out particularly
efficiently using the MM 400. Recent research shows how PTFE (Teflon)
can be broken down in the MM 400 through a reaction with sodium,
using mechanical energy. The intense movement of the grinding balls
provides the energy needed to break the stable carbon-fluorine bonds —
without any additional heat or pressure. In this way, large portions of the
material can be converted into sodium fluoride and carbon —a
promising approach for future recycling processes.

Image on the right: Dr. Erli Lu and Dr. Dominik Kubicki with the Mixer
Mill MM 400, which was used to decompose PFAs. [4]

The process using MM 400 was part of the renowned science program
“Forschung aktuell” on Deutschlandfunk. Give it a listen!

The radio segment is available only in German.
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FUNCTIONALIZING BIOMASS FOR PHARMA APPLICATIONS VIA
MECHANOCHEMISTRY

Mechanochemistry is transforming how functional biomaterials are made, and cationic cellulose is a prime
example. Using a solvent-free process, cotton fibers are combined with a catalytic base and a minimal additive,
then milled together with the cationic reagent to activate the reaction using the Mixer Mill MM 400. This solid-
state approach eliminates water and bulk solvents, dramatically reducing chemical use and waste compared
to conventional methods. After milling, a short aging step completes the reaction, delivering highly charged
cellulose fibers with exceptional performance. [3]

Optimal reaction conditions: Cotton fibers were milled in a 50 ml stainless steel jar with 3 x 10 mm balls for 5
min at 25 Hz, then EPTMAC was added, and the mixture was milled for additional 30 min. The subsequent
aging of the reaction mixture at 50 °C for 24 h, followed by Soxhlet extraction (48 h) and freeze drying, resulted
in the isolation of pure cCF material.

Why is this exciting for pharma?

These cationic fibers show strong electrostatic binding to viruses, enabling efficient removal of pathogens
from water and process streams—critical for sterile manufacturing and clean water applications. Beyond
filtration, the material offers potential in drug delivery, antimicrobial surfaces, and bioprocessing aids. The
process achieves outstanding sustainability metrics aligning with green chemistry principles and industry
goals. It also allows precise control over charge density for tailored performance.

This innovation demonstrates how mechanochemistry can deliver high-value, eco-friendly solutions for
pharmaceutical production—combining safety, efficiency, and sustainability in one breakthrough approach.

XY —=)J)L MM 400
IN-SITUS Y >aitE

iNn-situZ Y >AYEIR. BRAREBERLETOCIREICE
T2MEDEZZ) VT C RN ETIREIC T 2RI
MiTe. TOHETIE. KD FIRECHEEER L THEL
HOBFEND T LT IRRTHZ ST UHEEFIBLF
To CNBHDTT MME PIINBIMBOIZ—THINR
I MLERERHE L. TOEERYD FIEEICET 20
RERMET 3,

in-situZ &, ETHROTOELZAFRICING OFEEEEE
2-AETIRNDIETH B, ChUTE. TEIELML

06.06.2026 © Retsch GmbH - www.retsch.com
R=J1/27 AR—JICHHOABRITTFERCEE - BETZEHHD X,



®

[H{etsch

a VERDER company

FREDFETFTCORLZERITZCHEEN. LWbW
BAA/ I ZARN) =M END XA/ TR —
&, . TAWK. BEERCOERZFMALT. BEonlt
EEESIERLIT, COF7TO—FIF. FEEZBELL
RO, BEBIZPT L IRILF—XRIZENTLFE
BRI TETZUEELHD. FTEFTATIPEE-
TW3, IIVDIEIE. RIEXHZX L, BEE. RIG
RER. HIVWEIRIGEGORBEBILICBETI2EERARE
RIHIBZeHNTES,

MM400IE TS VMGl BRDT. BWRA VLA ZBRICDATCHTETFY, ERICIES Y TO0—-THOROZN
HO. MBEOT. DEDHNFOMEEERIRPBALVWCYy—OTICTYYTO—T%ZRETZ LT, Dvyr—DET—E
L7CAEZITV. EEAT—2%2B3 W TEXYT, LYFTOPMMAKMES v—Id. B MEREICEN. BRE
NBZZEBLK ARV MILT—2ZBETEE T, Dv—ONUDFEFERKIE. IHT—F2ZT5ICALETES, TNH5DEE
SHARICED, ERT—I7O0-DIREINFE LT AEEIE. SOBEDNDIEREICIN-StuTI I VD EZEMTETS L
SO FEMAMED IR D AN E LT

06.06.2026 © Retsch GmbH - www.retsch.com
R—=12/27 AR=—VIZEBHOABITFELCEE - BIETZeHHD £7,



D v — 3 7EEDME
h53ERETEE

XXM v —IFEBNT
HEMELH D, MEICED
1.5 ml ~50mIOBEH
5. Mty bOMEIXE
i, TR, Z2VTR
TYR—INNATR, X/ &
{E2 A= L, PTFED S
BEVVWLEITE T,

BEARPMMARI S v
—lZ. in-situ RAMANE
ICERTNhEIH. AL
RIGADIGEHABET Jo
THIC. TEIEREEY
BADMMEBHMHATUVE

T, —EMET v —IIETE
FTILEDHEEMELRHD. =
DT v —IEMM400DHIE
TILICHEESARETY,

06.06.2026
R=I13/27

[HHetsch’

B2 THENLHERFIE
MM400 F??2?2??

2 ML TUBES FOR
CRYOGENIC GRINDING

Small 2 ml steel tubes
are used for cryogenic
applications. Up to 20 of
these tubes can be
clamped into the MM
400 using an adapter.
The advantage: they
can withstand low
temperatures and
mechanical stress and
do not break like
disposable vessels. Ideal
for the smallest sample
guantities in the
cryogenic range.
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T, FOBMRR-IUHND v —REICHRS EE L
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Ffes BE - REDFADUVIHRDBO. NEWVWR—)L
ZHEBERES . WoESHEEDET, ATRAE-XILY
DENDR—)LZfE>T, MREKHCERISZ_CHTE
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MR CRUDL
BAIRLwY k

20 ml
T L B
¥ — 50 ml

X7 L XA
—JL1x25mm
BIEEZRZ@EAL
FFIDREIE 35
MEEERAF 451257
30Hz, BT EIC
BRIEERICLBEFE
PEt o)

WL . h>oFrER
(EEFEFEARF)

## 3g
T L B
+—50m/

X7 L XA
—JL 25mm @
BRIXERICLB29
E DAEIEALEE
MEREAF 30HZzT90
#

S¥H—3)L MM 400

HEE
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I¥Y—3)L MM 400

Homfthk

D

BRAHHOHE
LY
HEHEA Y 1 X*
Lol i
RASE 2
MBS v —RIEAH
ke S

PR (EE)
Max. grindig time
LA 12

IR

RAERT
EOEIC & B MR
S v —RIBEERIE
MBS v —OEE
Wty bOME

MBSy —DY1X

size reduction, mixing, homogenization, cell disruption,
cryogenic grinding, mechanochemistry

R £WFE R - TIXFv o BEME. IF - I O
JACRE - UTA0). B, #E -8 AR -€733Iv7
A EF - RE

BELN HREELN.. TS DV. REL. DD S, HEE

HEH BED

<=8 mm

~5pum

max. 2 x 20 ml

28

3-30 Hz (180 - 1800 min-T)

30 ~29

99K E

ZEHL

ZEHL

ZEHL

8], &A20 x 2.0 ml

ZEHL

FORMBRD v —

B, 7>V L X, BT XATYA—NA R, X /D B2 )La=7
L\, PTFE, PMMA

1.5ml/5ml /10 ml/25 ml /35 ml/50ml

MR ORE FIORI., 108~ 8 BFfE
SOPZHRER] 12
MBIV ER 6
BEE 100-240 V, 50/60 Hz
BR Bitg
REFHK IP 30
HEE 165W
W x H x D(222?% B U 7 3R%E) 385 x 350 x 470 mm
KEES ~ 275 kg
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N RISAF—LEEED/NT #—< > X : Prof. Dr. Claudia Weidenthaler, Research Group Leader Heterogeneous
Catalysis Powder Diffraction and Surface Spectroscopy, Max-Planck Institut fur Kohlenforschung, Mulheim an
der Ruhr.

[2] Reaction scheme and performance of the experiments: Dominik Al-Sabbagh, Chemistry Laboratory
Technician, Division 6.3 — Structure Analysis, Federal Institute for Materials Research and Testing (BAM), Berlin.

[3] Tatsiana Nikonovich, Yao Yu, Mikko Korkiakoski, Chengji Yang, Iris Seitz, Daniel Langerreiter, Mauri A.
Kostiainen, Eduardo Anaya-Plaza, and Sandra Kaabel; Solid-State Synthesis of Cationic Cellulose Fibers from
Low-Processed Cotton for Efficient Virus Capture; ACS Sustainable Chemistry & Engineering 2025 13 (42), DOI:
10.1021/acssuschemeng.5c07884

[4] With permission of Dr Erli Lu, Associate Professor in Mechanochemistry & Sustainable Synthesis School of
Chemistry, University of Birmingham
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EXF—4

& —3)L MM 400

Mixer Mill MM 400 with quick release clamp
(please order grinding jars and balls separately)

20.715.0001 = MM 400 100-240 V, 50/60 Hz

=

MM 400 S vy — RII

(e

01.462.0237 ' ' 25 mL
o

ATV LA

01.462.0230 r ‘& ' 15 mL

01.462.0231 I s 5mL
19

01.462.0290 5 ml (for use with adapter 02.706.0351)

01.462.0236 ' ﬂ 10 mL
@

01.462.0213 .. 25mL

01.462.0214 I g 35 mL

01.462.0216 r ' 50mL

BT RATYA—NA PR

01.462.0235 10 mL
8g
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01.462.0217

X/
01.462.0232

01.462.0233

D)= 78
01.462.0234

01.462.0201

01.462.0215

F70O> 8

01.462.0238

01.462.0244

22.041.0004

[HHetsch’

a VERDER company

25mL

5mL

10 mL

10 mL
25 mL

35 mL

25mL
35 mL

Mixing beakers of polystyrene, 56 ml, 100 pcs.

PMMA, TRANSPARENT JARS FOR MECHANOSYNTHESES

01.462.0539

02.462.0539

e

e

10 ml, 10 pieces

10 ml, 2 pieces

ACCESSORIES FOR AERATION AND INCREASED PRESSURE

01.462.0548

06.06.2026
R=T21/27

Jar set incl. aeration jar 28 ml stainless steel, filter 10 um, sealings and fittings 2 x 1/

© Retsch GmbH - www.retsch.com
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8" for hose diameter 3 mm and 0.65 mm wall thickness (2x3 m hose included)

22.050.0005 Conversion kit including 2 connectors for the hoses on grinding arm, bottom plate
for leading hoses out of the housing, counterweight

MM 400 v —D 7 7Y —

22.486.0005 pmesw  Opening aid for grinding jars, 2 pcs.
(1=

02.706.0351 L Adapter for use of 2/4 grinding jars 5 ml (01.462.0550)

22.085.0007 u Gasket for grinding jar 1.5 ml, 10 pcs.
22.085.0008 Gasket for grinding jar 5 ml, 10 pcs. (for grinding jar 01.462.0231)
o
22.111.0001 Gasket for grinding jar 5 ml, 10 pcs. (for grinding jar 01.462.0550)
22.085.0009 u Gasket for grinding jar 10 ml, 10 pcs.
22.085.0006 n Gasket for grinding jar 25 ml hardened steel and stainless steel, 10 pcs.
22.085.0003 5, Gasket for grinding jar 25 ml zirconium oxide and tungsten carbide, 10 pcs.
i - £
22.085.0005 n Gasket for grinding jar 35 ml stainless steel, 10 pcs.
22.085.0004 ey Gasket for grinding jar 35 ml zirconium oxide, 10 pcs.
22.085.0002 3 Gasket for grinding jar 50 ml stainless steel, 10 pcs.

MM4OORB 77Utz t1) —
22.001.0020 SOMLOAZAINFa—T4KBT7H SR 2@MAE 50mLIOZ=AILF 2—T204(F

05.026.0001 JZAILFa—750ml 20f@

22.001.0021 o 30 MLAOR MLAKBT7E TR 2848 30 mLEAR bJL 124
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MM 400 BEEMmER 7o e%1) —

22.354.0001 REEMPEE Y b (BB IL4L BT IR REXHR) C

MM 400 AR77t%)—

99.200.0043 IQ/OQ & MM 400

EOFa—TRILA -

22.008.0010 - Adapter for 5 reaction vials 5.0 ml, made of PTFE

22.008.0014 Adapter for 10 reaction vials 1.5 and 2.0 ml, made of PTFE or stainless steel

22.008.0005 r’ 1 Adapter for 5reaction vials 1.5 and 2.0 ml, made of PTFE or stainless steel
22.008.0006 T 1 AERILA—10R/ER 02mLAE 7 7AVE

22.749.0006 T4 ARFa—T 50mL 2001E4E

22.749.0001 T4 RRF 2—7 2.0mL 10001E#E

22.749.0002 T4 ARF a2 —7 1.5mL 10001EHE
22.749.0004 T4 ARFa—7 0.2mL T10001EHE
22.749.0008 1 Reaction vials made of stainless steel 316L, 2.0 ml, 10 pcs.

U ¥ (for use with adapter 22.008.0014)

MER— )L

eIk
05.368.0029 @ 5mm
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05.368.0030

05.368.0059

05.368.0032

05.368.0108

ATV L&

22.455.0010

22.455.00M

22.455.0002

22.455.0001

22.455.0003

05.368.0034

05.368.0035

05.368.0063

05.368.0037

05.368.0109

05.368.0062

. |

06.06.2026
K= 24 /27

[HHetsch’

a VERDER company

@ 7mm
@10 mm
@ 12mm

@ 15mm

@ 2mm,500g (¥ 110 mL)
@ 3mm 500 g (¥120 mL)
@ 3mm,200 1@ (¥ 6 mL)
@ 4 mm, 200 1@ (%714 mL)

@ 5mm, 2001 (#J 25 mL)

@10 mm
@ 12mm
@ 15mm

@20 mm
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05.368.0105 [ .] 25mm @

BIGRATHA—IN1 K&

22.455.0006

22.455.0005

22.455.0004

05.368.0038

05.368.0039

05.368.0071

05.368.0041

05.368.0110

X/ 8
05.368.0024

05.368.0025

05.368.0067

05.368.0027

\'1
s
L
[
N
b

| = |

.
)
®s

r'-1

06.06.2026
K= 25/27

@ 3mm,200 1@ (¥ 6 mL)

@ 4 mm, 200 1@ (¥ 14 mL)

@ 5 mm, 2001& (¥ 25 mL)

@10 mm

@ 12mm

@ 15mm

@ 5mm

@ 7mm

@10 mm

@ 12mm
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05.368.0089 n 2mm @, 0.5 kg (¥9 135 mL)
05.368.0090 n 3mm @, 0.5 kg (¥ 140 mL)
22.455.0007  mr 3 mm, 200 emL
22.455.0009 [ W 9 5mm, 2001@E (%7 25 mL)

4
05.368.0146 @ 7mm
05.368.0094 n @10 mm
05.368.0096 “ @ 12mm
05.368.0113 [' 7 @ 15mm

)

d
05.368.0093 H @20 mm
05.368.0106 - 25mm @
F70Y(XF—)LOT7)
05.368.0045 - @10 mm

05.368.0046 @ 12mm

05.368.0114 [’ 7 @ 15mm
-

d

05.368.0047 “ @20 mm

AU TS RESEARK—L

05.368.0042 - @ 5mm
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05.368.0043 - @ 7mm

05.368.0044 @9 mm

05.368.0003 - @ 12mm

HZAE—-X

22.222.0001 u @ 010-0.25mm, 500 g (#J 320 mL)

22.222.0002 - @ 0.25-0.50 mm, 500 g (#J 320 mL)

22.222.0003 - @ 0.50-0.75mm, 500 g (#J 320 mL)

22.222.0004 - @ 0.75-1.00 mm, 500 g (#J 320 mL)

22.222.0005 - @ 1.00-150 mm, 500 g (#J 320 mL)
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