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Polymer Surface Modification of Silica Sand by Dry Bead Milling
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As grinding progresses, powders exhibit high surface activity due to the generation of ions and radicals, and
interfacial effects become pronounced. Mechanochemical reactions that effectively utilize this surface activity have
been applied to the synthesis of functionalized powders. In this study, a mechanochemical polymerization process was
carried out continuously modifying the surface of silica particles by grinding silica sand in the presence of methyl
methacrylate (MMA) using a dry bead mill. The effects of grinding conditions on the MMA conversion, particle size
distribution, specific surface area, and chemical composition were investigated. As a result, the possibility of continuously
producing surface-modified particles with polymer coatings accompanied by fine grinding was demonstrated.
Furthermore, it was confirmed that optimizing the milling atmosphere and grinding conditions is crucial for improving
the efficiency of polymer-modified powder production in this process.
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Fig. 1 Schematic diagram of mechanochemical polymerization via grinding

Ceviligibs ¥ A VA~ELT 5, LhL, AH /5
ANDEEENSL L ), BRESHETLEE=VEY
=0T IV HNVESHRGESN, BERERERY ~—T
BB &N Bo ESR AXRZ MUVORIEIZ X D, 3R
HTADEEELT B A A ) TV H VORI
£ B KON & LBIBIFRICH D [8,9], £/ ¥ —Dix
ILEL ZDOEALIKFE L TWDB[B3-T]. LAL, ThHo
T AT AR E 2, RIS
FTAHMRBIIITEE A ERM725 70,
%’@ A2 IR T o0 2B B & Feiii o e % 5 foe
AT ) T2 HIRL, dEftomiv—x3I v
%Hﬂb% EIZED, AH 2T TV HIVITOWTOHIED
BONTWS Si-OMEEHT HHMEBHHEE L LT,
x??U»@X%w(MMA)@Xﬁ/7\ﬁwEﬁﬁm
kAT FEERITE O ICEURMIEG R, ¥ — X I VNEP
AB LV EOEIHEGHEEZLS T, o4
MOFx T2 5)¥—2 a2k, EEKGE B
@B@ﬁé WZOWTIREST 5 L & DI, Wit hsRimiist
WKBIEFTEECI O WTHAL,

2. EREEHIUVUERAE

2.1 KEREE

REBI W 72208 OB % Fig. 2 12, HEAREE
Table 1 \ZZNEIURT . AEEIL, LEICHZ SNz
w74 =Y ERER T, B Y — X IV SR
ENTHER NSRBI FRE R ->TBY, R4 =5
WH 71 —% (ZHRA V¥ A M) —REHE) F7203
A7V a—74—% (FTF2L—hF102B, H&Etlr~
Iy =T7) ) ovwThuh e v, BRI
352 —7KR>7 (MP-1000, EYELA ), ##Ez: ¥ —
AIWMIFTRFIALAAY— SDALl (T7¥HFT 774~
Fv o) B, 2, MR E - I VoA

Vol. 63 No.2 (2026)

reernl

Feeder o A
Tub
p S S L
TR T Sereen
VNN
Vessel 7 Ll
Dry Bead Mill

400x600x500mm  poa

Fig. 2 Machine unit

Table 1 Inner volume and materials of the mill

Machine SDA1
Vessel volume 0.985 dm?
Vessel material ZTA

Agitator material PSZ
Beads material PSz
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Fig. 3 Experimental procedure
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Table 2 Experimental conditions

Feed material Silica sand
Feed rate [kg/h] 0.75-2.0
Monomer MMA
Feed rate [kg/h] 4.12x1072
Ratio of MMA [mass%] 2.0-5.0
Agitator peripheral speed [m/s] 3.0-5.0
Bead diameter [mm)] 1.5
Bead filling [vol%)] 70
Atmosphere in the mill Air or Argon
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Fig. 4 Relationship between conversion of MMA and feed as a
function of the atmosphere in the mill
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Fig. 5 Variation of specific surface area due to different
atmospheres during grinding and agitator peripheral speed
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Fig. 6 IR spectra of different grinding atmospheres

Fig. 7 SEM and STEM images of the sample. (a) SEM, (b) STEM
at argon atmosphere, feed rate 0.75 kg/h and agitator speed
5m/s
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Fig. 8 Particle size distribution in different milling atmospheres
for different feeds
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Fig. 9 Particle size distribution for different milling atmospheres
at feed rate 2.0 kg/h

Table 3 Median diameter ground samples

Atmosphere Feed rate Agitator speed ~ Median diameter
[] [kg/h] [m/s] [um]
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Fig. 10 XRD pattern of the grinding sample and the sample before

grinding
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