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Powder-Based Approaches to Sustainable Development:
Plant Material (Lignin) Valorization Strategies

Yoshiyuki INOUE'

Lignin, an abundant aromatic biopolymer, is primarily generated as a by-product from industrial processes such as kraft
pulping and lignocellulosic bioethanol production. Traditionally, lignin has been utilized as a combustion fuel for process
heat recovery; however, this approach contributes to CO, emissions and offers limited value in the context of a carbon-
neutral economy. With growing societal and industrial interest in sustainable materials and the reduction of greenhouse gas
emissions, lignin is increasingly recognized as a promising renewable feedstock for a variety of high-value applications,
including energy storage, construction materials, cosmetics, and polymer composites.

To effectively utilize lignin in such applications, it is essential to precisely control its physicochemical characteristics,
particularly particle size and morphology, which directly influence dispersion, reactivity, and processability. Due to lignin’s
complex, variable structure and flammability, advanced powder processing technologies are required to ensure both
functional performance and operational safety.

This paper introduces a comprehensive approach to lignin powder processing, focusing on two core technologies: fine
grinding and dry granulation. For the fine grinding of lignin to particle sizes suitable for applications such as films or fillers
in thermoplastic composites—typically requiring a dy; below 10 pm—jet milling systems are employed to ensure high-
precision production of ultrafine particles with a narrow particle size distribution. In particular, the fluidized bed opposed jet
mill (AFG) developed by Hosokawa Alpine has been demonstrated as an effective technology for achieving the desired
specifications.

For coarser applications (e.g., do;~20-30 pum), impact classifier mills such as the ACM Pulverizer” offer an energy-efficient
alternative. Experimental data presented in this study demonstrate how particle size and energy consumption are interrelated
and highlight the importance of process selection based on target application.

Additionally, to address challenges related to handling, dusting, and bulk density, dry agglomeration using roll compactors
has been implemented. This technique produces dust-free, free-flowing granules or briquettes that facilitate storage,
transport, and downstream processing.

The integration of powder technologies enables the functional conversion of lignin into industrially viable forms, thereby
supporting its transition from a waste stream to a valuable resource. This work emphasizes the role of particle engineering in

realizing lignin’s potential as a key material in a circular, low-carbon economy.

Keywords:
Lignin

Biomass resource
Fine grinding
Dry granulation

Carbon neutrality

' Section Manager, Corporate Management
Division, Hosokawa Micron Corporation, JAPAN

68 Copyright © 2025 The Author(s). Published by Hosokawa Micron Corporation. This is an open access article under
BY the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/).


https://doi.org/10.24611/micromeritics.2026013
https://doi.org/10.24611/micromeritics.2026013
https://doi.org/10.24611/micromeritics.2026013
https://www.hosokawamicron.co.jp/
https://www.jstage.jst.go.jp/browse/micromeritics/69/0/_contents/-char/ja

TOZAIL/—k

Technical Note

The Micromeritics No.69 (2026) 68-73
https://doi.org/10.24611/micromeritics.2026013

Y AT F T NALRICHBNY 2 B Hiil -
PR (V77 =) O
b e

RV AT Iy AL R AR R i SRR

w

42

V7= 0E, NV TRNA G ) — VEGERBCRIE SN NS < AEHTH Y, HERITTICEHE
ELTHHESNTERD, H—KRr=a— I NVHEOFEIICINT T, EREEME L Loz
ENT VDo IWHIITR - ERERC N> ) ¥ TSR TH ), ki NEh & v o 728k
TR AN EELEREEZ R T Vv FINVRACM SV ART AT X BBBEIC L), TRy
FREEZE LoD, BWITLL2) 7= VB EBs e TE %, 72, @R ARC-MS I X
LR AEREAMIC X D, FENE - SR - ZBeMICENY S YRR T 7y P OBESIRETH

%o AT,

1 FC&IC

POV TIE, AR RER — L 7 & OMGHERIE &
W 72 LIS L 5 2 & THONL EMT
HY, HEW, FEEER, TEROEM 2 SMRLW
SETHHEINTVWS, 29 LEHEDIRSYIZ X
0, 7OV T OMFECB T 2 HEIXEE L TRE
LTWwWh, 52, fREM, ea~—A% DT
BOBICBW T, BRI 2 B ombL
BREAMOBMATR RDOLNTEBY, ZhITHIG
FTHHTHINTX=ZEGOTFEIHEIML TV %,
F72, HMaOF AN RAEYHEDTRAT 2 EZEE L
T, WAFROBEONS, T4 v yak—3—1
EDOMBLI DT EE S BIMEIIZDH .
ZHLERDOD &, TechSci Research D s M
XX, v T o T3 2024 4RI 1,555 4
1,580 J3 K v & 5l S 4, 2030 4F 1213 2,204 % 3,510
TARFNVICET L EFRMINTVY S, 2025 FF0 5
2030 AR IS TP ESR (CAGR) X 4.81%
EHGAEN TV A,
NNVTOREINZS T SERTEDND B0, — K

V7= Y DRMRNAT R kBt & £ OIS HEE 2§ 5o

IR CH A M F v TE2 WY — 5 TEB
L, Aozt - a3 52 57 MEDIA
LN TWE, AfidFiIckEra—2, A3t
Va—Z, WU hblRSATEY (1),
209 B )T = VIIKEY OREERAL R K % %
I HEE RO G LT, 7OV Tk ra—
AR FWITET B, AMOEREOK 2~3 HIZY
T THhAHID, 757 MEICX AV TEEIC

o Cellulose

“=>»«=_. Hemicellulose
Lignin

1 HEYOHMEBEDRAR

Fig. 1 Schematic diagram of plant fibre structure.
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Table 1 Powder processing equipment required for different lignin raw materials.
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Fig. 2 Flow pattern in fluidized bed opposed jet mill AFG.
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Fig. 3 Flow pattern in ACM pulverizer®.
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Fig. 4 Examples of lignin powder milled by AFG and ACM.
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Fig. 8 Examples of granules and briquettes made from
milled lignin.
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