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Figure 1 (Color online) Schematic of the disc surfaces in the s’™M equipment and photo of the S'M equipment.
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Figure 2 Comparison of polypropylene between ball-mill (24 h, left)
and solid-state shear-milling (20 min, right) [16].
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Table 1 Particle size of micro/nano polymer powder prepared by
solid-state shear milling [19,20]

Polymer type & Particle size

PA6 ~80 nm

PP, PS 0.3~2 pm
PC, PPS 10~50 um
PES, PEEK 1~10 pm

HDPE, waste rubber, SBS micro-scale

a) ®Wt/z6 (polyamide 6, PA6); %A fi(polypropylene, PP); 2K Z,
J#& (polystyrene, PS); ZEHRERMNR(polycarbonate, PC); FE# Al (poly-
phenylene sulfide, PPS); %Mt (polyether sulfone, PES); Mtk
(polyether ether ketone, PEEK); #51% J& 5 . /% (high-density polyethy-
lene, HDPE); K ZJfi- T —Jfi-2K L)k B3 SR W) (styrene-butadiene-
styrene block copolymer, SBS).
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Figure 3 Morphology of PP/PA6 melt-blend (left) and solid-state
shear co-milled (20 cycles, right) [24].
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Figure 4 Schematic illustration of mechanochemical de-crosslinking
[15].

ERTE S LY (37 =W )i R LTI~ R S TR N i)
NEWI AL OB, 75 S TR 1A 38 ThD T i 1 3
g, AR R A R R S R KRR . .
PEIR SRS R N20%0, il 2% 1 S P AR A R
L 2 h AT SR E 2 1A $142.2 MPa. 73.2 MPafll
8.8 kI m™>, BT J14k S B8 v T 4 R s T

62%- 41%F1109% ([=16)2*.

Decommissioned wind
turbine blade (DWTB)

(bzm

100

Mv:50.35pm

@
1

F80

o
1

F60

-
L

40

~
1

F20

Number frequency(%

Cumulative distribution(%)

PR 0
10 100 1000

Particle size(um)

~

Blade cutinto sections Primary crushed powder Powder by S’M

c) 100 ~
6 o >
e Mv:130.2pm / <
< 80 S
s 2
3 £
= :
Q4 L 60 £
= 7 -}
g 2
23 S
= 71 F40 o
= >
) A o
52 / =
£ 7 20 =
s =
1 £
“ E]
0 @]

10 100 1000

Particle size(pm)

—

J

B 5 (M) (a) DWTBRERGTFE; (b, d) BREEHI & H(c, e) S*M & DWTBMMA 1 KL4% 41 5 44 B T S 4908 (SEM) R

Figure 5 (Color online) (a) Crushing process of the DWTB; Particle size distribution and scanning electron microscope (SEM) images of the DWTB

powder prepared by (b, d) ball milling and (c, e) S*M.
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Figure 6 (Color online) Mechanochemical modification of waste amine-cured epoxy resins. Changes in: (a) Fourier transform infrared spectroscopy;

(b) gel content; (c) tensile properties; (d) flexural properties [28].
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Figure 7 (Color online) Mechanochemical modification of waste anhydride-cured epoxy resins. (a) Variation in gel content; (b) changes in electron
paramagnetic resonance radical concentration; (c) interfacial morphology before modification and (d) after modification [29].
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Figure 8 (Color online) (a—c) Interfacial micro-morphology and (d, e) mechanical performance of glass fiber reinforced plastic products prepared
from decommissioned wind turbine blades; (f) glass fiber reinforced plastic insulator product.
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Figure 9 (Color online) Preparation of high-performance flame retardants via surface modification of powdered decommissioned wind turbine

blades and their structural characterization [30].
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Figure 10 (Color online) High-filled masterbatch from decommissioned wind turbine blade recycling and remanufacturing for high-performance

corrugated pipes and remanufactured profiles [31].
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High-quality recycling and remanufacturing of decommissioned wind
turbine blades

Shuanggiao Yangl’z, Fujie Wang], Zhilong Pu', Qi Wang]’z*

" State Key Laboratory of Advanced Polymer Materials (Sichuan University), Polymer Research Institute of Sichuan University, Chengdu 610065,
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Abstract: Wind power is among the fastest-growing renewable energy sources under the “dual-carbon” strategy, with
China ranking first worldwide in wind power generation. Wind turbine blades, the core components for capturing wind
energy, are typically fabricated from 60%—-70% glass fiber and 30%—-40% thermosetting epoxy resin to meet the
requirements of light weight, high strength and modulus, low cost, and ease of processing. However, after
decommissioning, these blades are neither incinerable nor landfillable, and their insoluble and infusible nature makes
reprocessing and recycling extremely challenging. This issue has become a global concern as well as a critical national
demand for advancing China’s wind power industry and green, low-carbon circular economy. This paper introduced
solid-state shear milling (S3M) equipment and technology by our research team based on the principles of polymer
mechanochemistry. The study focused on the mechanisms of room-temperature ultrafine pulverization and
mechanochemical modification of decommissioned wind turbine blades. Furthermore, it comprehensively summarizes
recent progress in utilizing the activated blade powders to fabricate high-performance fiberglass composites, produce
flame-retardant products via surface coating with flame retardants, and prepare high-filling reinforcing masterbatches
and regenerated products through hyperbranched surface modification. This work provided both theoretical and
technological foundations for overcoming the limitations of conventional recycling methods and realizing high-quality
recycling and remanufacturing of decommissioned wind turbine blades.

Keywords: decommissioned wind turbine blades, mechanochemical modification, remanufacturing
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