ERREXOR T B o ok N Vol.53, No.5 160
2025 4% 5 1 ENGINEERING PLASTICS APPLICATION May 2025
d0i:10.3969/j.issn.1001-3539.2025.05.024
\ /)1_ LY
1R XUHLAT A 9 =] Y A0 Rz F 452 K
B, TR, FHEX, BEHE, KIR, AFE'
(1. [ P g 2 Pl A3 2w PR TE e, M 4500525 2. 3T R JLISUIS J 7 8 TRRAT R w68 450000)

WEHEFRRARLCERKAFTE HRTHEFHELBAEDEE ., oM T EIUE R L BH ARG LRk
JECRAUALEE R AAUBLE Y, R P B R AL R K AUAEAR A, F SRR T LA £ R B AL KB
(RWTB) &K R B H ARIIK, B E R 2203 % LS % BEA %, B AR 2 28wk = b & A 3 B A4,
oM T B AR F AL, LI, B2 T RWTB BURAT b 6 16 09 R NEM 5 47 bk, . 5, Hmyi T
RWTB ®1 AT b £ e 28 #5771,

KR R ARBLRT F 5 BDR  BUb R A S ok R A AT R A A

FESHES X705  XEFRIZE: A XEHES:1001-3539(2025)05-0169-09

Technology of recycling and application of retired wind turbine blade
ZHAO Guangjin', LI Yamin'*,LI Bowen', DONG Ruifeng',ZHANG Yunxiao',HU Yuxia'
(1. State Grid Henan Electric Power Research Institute, Zhengzhou 450052, China;
2. Henan Jiuyu Tenglong Information Engineering Co.,Ltd.,Zhengzhou 450000, China)

Abstract : In recent years, wind power generation technology has flourished due to its advantages of cleanliness, efficiency,

and renewability. The analysis of data on the development speed, installed capacity, and retirement scale of wind power generation

technology in recent years indicates that China will usher in a wave of large-scale retirement of wind turbine blades. The current

status of existing and major recycling technologies and application technologies of retired wind turbine blade (RWTB) were focused

on, and the recycling technologies mainly include mechanical methods, chemical methods, and combined methods, while the appli-

cation technologies mainly prepare recycled products into new materials. The advantages and disadvantages of each technological

means are compared and analyzed. In addition, the technical challenges and industry challenges faced by RWTB recycling industry

were summarized. Finally,a detailed analysis was conducted on the development trends and directions of RWTB recycling industry.
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Fig. 1 Schematic diagram of fan blade structure
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Tab.1 Comparison of advantages and disadvantages of various chemical recovery methods

Chemical recycling methods Advantages

Disadvantages

Solvent dissolution

method conditions

Supercritical/subcriti-

Good recycling effect, relatively mild reaction

High dissolution efficiency, environmentally

Toxic and corrosive, high installation cost, poor process sustain-
ability and poor universality

Reaction conditions and equipment requirements are strict,

Solvent . friendly, high product purity and good perfor- . D s .
otven cal fluid method riendly. ugh product purity and good perior operation difficulty is high, cost is high, and safety is poor
method mance
. N 1t t d )1 ip- . . . .
Electrochemical orma en.lpera ure an. pressure, fow équlp High energy consumption, long duration, low efficiency and
. ment requirements, suitable for large sizes, .
recycling method high cost
good product performance
High temperature pyrol- ~ Mature technology, high pyrolysis efficiency,  Discontinuity, low recycling efficiency, diverse processes and
ysis and good product quality heavy environmental burden
. . Higher efficiency, easier to control, more envi- . .
Microwave pyrolysis g ! . Y ,Vl Low pyrolysis efficiency
Heat ronmentally friendly and more energy—efficient
recovery Product recovery rate is low, recycled fibers are easily

method  Fluidized bed pyrolysis

Plasma gasification

method utilization

Efficient, higher purity of fiber products,
good resource utilization and economy

Environmentally friendly , heat recovery and

damaged, difficulty of recycling is high, energy consumption
is slightly high, and universality is insufficient
High energy consumption and extremely high maintenance
costs

2.3 BREELA X
WA IS R Pl 22 o ISR R AR ES & 1T

AbBERWTB Y J7 i o WHRASE IR W] T —Ffoke 4 ik 2
V5 PR ARSS G 9 RWTB [RUSCRE BET7 vk n] 5230 i it BT A



BG4, 5 SRBORLIN R i ORI AR 173

LRI GF i [, 1o kk B R UL 5. RWTB R e Al
WGBS e 53 o AR R R4 T2 AT L= WA L GF 45
PSR- 90 nibb vy I Wi/ v | W/ e i TR B BU A R (e DS
B, 53— 07 AT LA B HRRE ™ A il =, S [, Sy
TCHUA T BRI . TR o 2 P I e A R T2
ik I g2 GF .

Compression

device Fuel
. T . .
e | [ B comheien [
! i ] f
Broken Cyclm.le High temperature s
separation flue gas
| ! 1
Inorganic components Pyrolysis . .
. such as éJF | )clleviyce gy ot

5 RWTBEZEA ML
Fig. 5 Comprehensive recycling process for RWTB

Rani S W RARA#2: 5 H,0,—CH,COOH i I fif 1
HZEE 9B T RWTB S S AEE97.2% B 733, R ] 164
PERE RLAF 1 GF £ 4k . Xu 55U R ] 2 W8 v ik B IR IR
P71 AT O RWTB H [l i (19 G Herh, ZRAE N
VA MR T (2 E RSP it , SR PR AL G TR, 5 2t
P AT A A R SRR TSR . X R Y
AR A e B e [ PRt ™ 0 v b i e AT WG 2, A 80
1l [T S i R R, LS A A
AETS B st , PR 2 0 4R 1 27.5%. Blisi SR H
T PRI S i AT B R RS 9 RWTB BT AU U
Hh TR A R IR AL, SR — BB T AR AR T 2
fift 5 T B AR ¢ 0 ] e s A e A A g mT A
FBAAK T 0.5% ELALAR 5 B2 L5 B 3AE 95% LA_E i1
GF. #Ai 5 TACE ARG IR, A 2B T RWTB 24t J5
SR Y P A AR , RIS [l 3 1S 4R GF,
BT RWTB B BEIR AL [BISOM T . 1X 88 % B4 2 U RWTB
rh IS Ry o AT AR BRI T B LA

KA 1T Wi Ak 3 fet 22 Ao [ Wi O vk 00 5 L AD , AH LA 30
AT RWTB ISR, (H[RI 2 T 20 5405%
B E A I A TR B, 1 ARAE T 5 AR o
3 BRAKAK

RWTB HA 4143 14 i R L 2l S PR T AR 2 M
P8I ST B P PR 9 S8, H R RWTB [ 05742 119 P FH 2 22
LS EH N S 4 = S AR R 2 T
3.1 A#EREA

RWTB R fiff A5 19 2 Ja 3B 4 ] B T A B AR 4
T, Ty L BT s 22 o) SRR AT AR I S AR R R
BIERE IIRE, ATHEAT R A DI B2 B S — R A i
T PR SRR A A S Ky KIS AR FLAT 4 L)
AEARBA R AR RE AT . 207 B REFBAR JRAIE T T5 5, T
2 WAL B (IR A g, i/ B AR Y 48 A, (E TR

SCILRWTB 58 4 Ab B, JEvk ik 142 RWTB KR 1%
M ER TS
3.2 HELAMHH

RWTB £ 55 SO 5 BIFBES L 43  2lifb 55 T Br b #il 2
Jei TSy vl 78 2 B e ) SN ) SRRV VR A AR
il e, BRI A RS, R R A A
SRR PR G YR SR,
32,1 FHRAMEL A

KT RWTB MG Wil 2 0 W R G W E S4B R
2 BT 2 A IR E MBI $ % . Plawecka
LRI, AT ER BT A3 AU RWTB =M ET MR G E S
A RE R, & BEAL L PE AR . Manso-Morato®™ | Revilla-
Cuesta 25Ul 20K RWTB MU I 5 8 AR Bk b, £ fii
TR 1 S PR i 5 e 20 5 B RSB T B 5 Baturkin 5505
A8 T ARBUZ 431 RWTB 8 & RUR EE + A R8T 2 R 45
SREEER . Oliveira %K R, L RWTB 0 E— & LBl Ay v
T, AR R 5 R R I G D K N bR R
AT 0 2 AR AR ARNE SR T 8 B (LR AR DL A5 L IRy
GF 1458 52 MR IR 6%~8% £1 Db ATE MR AR IR BE 1,
K PRIRBE & B TAEVERE TRE T 2.5%~3.8%, [H R4 fE 5 1
MR TR R B P . Wang 251U 678 RWTB FiA4 M 2T 4k
AR 45 0 XU 56 21 kTR BE - (WIC) B SR 47 5 JBE 25 i 53 JiE
IR T 6.04%~18.12%, 5.37%~18.5% , (H 1 & 5 27 4 &
WA, FH S4ES R 2, & XEHDE RWTB B
PRASURL S 3D AT ER A RHAR A, il 25 M RBIA AR 1 R TR
B HAL O, SRR, RWTB Rl &5 52 45 TR
B BUTERE , RWTB MRS R B TF-B B4 A
EEYIA RN E, EXERE g R A e —8L T
BRSSP FH T 5K 25 A R R s

AN, RWTB IR Py il 5 1T P R A5 252 A Rhe
FKIR AT W4, Schindler 43678 ,RWTB 1] HIfE N
22K YR A R, — I RWTB A1 AT 2024 0.4~0.5 1
B, TRV Rk Pe P4t 2 0.1 t BB 1 0.3 ¢ 48 bk 5k,
HAF KI5 E. Nagle %424 RWTB 57K I 2RI
AbFR, [RREFI R AL Z R B B Y 2 TR A B, 2 i RWTB
W GF ST/ 5K IR & AR =2 AR . %07
AU DA A P I RRHE R, BAT SRR RN D Ras , LIk
Pl Rk AT R (H RWTB 43 L 25 mi K e it , A EL
T 10%, B & B4R 2 BR . Yang F5 137K , RWTB HLAK
WFEE G543 [0 GF 48 3, 4- R KL R R 45 42 A vle e Ak
HUS AT FHAE W A0 B (B i bR, S R TR B A
i EAEVERE . Lan 55w )G 5L 90, RWTB M AR FlE
B AT B TR A R SO A4, 2 1T i bt
JEASMERE S HLARGR S .

25 I, RWTB IR R AT FHAE Z R0 4] 23 (8 FH 146
B YREYEE SR, FAR R ] A= ik
FRBAEZAN R E SRR, L FHl& 0



174 AR

2025 4E, %5 53 4,45 5 1

LYE S LY/E S -Rey vy S NIRTEODN i0) 50 SRSy S s 7S A
Y, A B RINZ T IREs , o RWTB 1 [Ison; AR (i T
R 25 18] 5 {EL R B RWTB A GRS X6 7= b e = A R
SR 8 1 P i 1 I FHRAT — 5 14 R R o

322 ANRAMELAMH

KIEFFEIRIE , RWTB FAEM B i 5 RELHmEPVC) F
I (PP) R FLIR (PLA) A5 JEAR A L A1, il 28 B A HIL R
AYREE AR, REAEHITIEN , B A GF R E A
W #H(r-GFRP) AT FH VRSG5 77 5 75 AT 27 48 R PVC SRR A
il AR IS A ARWPC) , BRI 72458 T 38 (B 7K
P R4 H it B2 P WPC B9 T#ERE . Thippanna 4595
/R, RWTB HLIE P15 GF 7T FHAE S AR AU(PAN) B A ) SRR}
S ARl , I T Wk g5 22 5 R & R R A 4, AR
B A R 5 24.4% 55 17.7% K2 IKEESTL I, B i Al
Ji% r-GFRP HE SRS RINGAT R &, TS 26 M R 3
PR | T2 B A PERE R 4 4l PP AR i 3 3 T . Rahimi-
zadeh S5 XU T2, 45 A RWTB HbLA RIS 75
5 GF 5 PLARA , A= T HF 3D ITENY GF & & Uk,
H RWTB 4 73 A& & T 3D T ERE 44 14 7 24 M g o
Du™ Smolen™ | i {2 ARV ALEDIE T RWTB # it 7= 4 vl 15
3] A P T T ORISR A AR IR R R
AR RLARERE 5 R 55 )2 e

Ak, Mantelli %732 7R #A4 i B CF P08 5 W] FIAE 3D
FTER I A A AL RO AL R SRATRL IR UE T rCF AR &
B 3D ATERRY AT A7 . Wang Z50945 ) RWTB 1 i 7K Pk
A E U 0 G R i 1) i (0 5l SO AR,
A7 L 5 YR 40 min SEHRET AT I AR RCR 15 F)
64%.

PL_EAFgE M, [mlle RWTB B A AT B R THA HLER A
VISR R J1 2 RE , T FH 1A =B 2 2 i i Il
WU R A B, o RWTB Z5-6 IS B8R A R F ) e JR B
ARICHE, AL A B 25 6 R R 1) SR AR R4
[, DL RWTB S fiscili vl il £ i s G A7), i RWTB 47
ORI PR T BT . [l RWTB B AR Ty KU A7l
P T RFLR & R BEE T Rl
4 RWTB B4 57 FA#k &

AR, BN & T (h e A AL R EE A 2 5 (R 1)
TR R GRS A 16 FR R F A48 3 8 L) Cn e
HENT B RE TR =l P IR [T SOR F IR 2 ) 25 2 3514 5/ RWTB
A B Fe 25 A R AR SCIBOR | LASA SE3 4 A i SR 1 A
WA R (AR T AR A 2Pk
4.1 HREMm

RWTB [mlt i FHEA 3222 il pU K #k i . OR R :
RWTB =2ty W B AL P SRS (B M 52 & A R R
PRAG F AR TG S PR 2 00 00 TR 003 15, R P e 32 K )
ff GFRP M AR, R 520 e LA A A B, QB AR )
RELPE - B TSR AR A AL S 4 05 e RBARE s e A AR

ISR ARSEEE AN 2, FROR 88 AR | e 2 1) 28 [l
WH ARG TFIT & . @%ers 5 MUy T - B 15 4 X LA S
RWTB =4I #1 5 B sh A Prfd , YRR 8 3 T2 05
R AR, TSR, AR MELAUEEIR Y . @A
WAL« DS 2F A1 RE R B 20%~50% , 54T #E LA B 12 07 ]
Uy e Y 2 R 22 e W A O 147 S | 4
AT it th, T3 B AR Tl
4.2 FLE®

AL e A kAT b TR 9 % Je B B, LG AT
PURPKIK . Ol S5 A 5838 < i il 3 75 (i) A 2% 18
AT, AR R FUAAR Jo DL A 5 RIS B Al (g 2
ALPREE 1A PR, Bz Al DR RE B LR IR L s AR A
FALCR R 5 Rk A TR A 2, X A B AR
L2 BEAR, M AR IE BRI . @R AR U 54 : RWTB
SRS 7R (3 2 5 T-on/)I i T HUE AR (S H I0/) ; 1
Hepe SN AU 12 2 T o0/, ME LU 35 RS AS , 223k
2209 b oo R A BT A, 1 AR RIS TR AT
TAERI S . ETTAMLEIA @4 b E R TS A X [T
M AR RRIRHE S A5 , B2 0 Al , ELIC B A AR FH AR
A = MRS o @K AR R X
55 R [ DX A A0, R 43 43 A iz AR
TR, TSI H SRR (15 46 Hh Ah A B %) ¥ BE A, IRl
A
4.3 HRE®

RWTB [ml e R £ 2 L APk . OEFR =
FEXT RWTB [l i) £ 300 i B vA 3, R X RWTB #4432
S IACESR AT AR T RWTB AR L I . @l
B MU Bl g < Al P [RDCHE bn G B AR , X R4
e sRig AL A= S I ORIV A e N T R = EP SIS
ST AR A ER A FALE . OECR M 2 RS
SE X TSRS P BEBOR 55 W BRIV ATL A, X & €04 Rl i
MV TG BB S . @RRIEERZ < IS A 2 T AR A
RFIE AT B T S DA R 2 T 340 e = 8 — 1 R b o
AFF B AR AEA R, ®RIRE R R E R A
W48 T 2200 I 2 Z MR R iR S BOR 22 5, T8
R I B B R AN T8 3
5 HivERE

Bt UL ATl bR 4 S, RWTB [z A 35 A5 B3
PAENAT. BT, BRAHTBGEY TR ESE AR AT
R R B, NSON; FHKE B AR B R 27 . R
K, RWTB Z85% i & B LA JLAN 5 TR «

(WA Z 0 : % A e b L as A VIEPRHE A 1
ARSI E B GE 42T RWTB [ b BIA80% 5 7 A3
B BRR AT A . QK R ARRAE IR AR A= W5
ARG SR 7 DB AR SR TR 4R T DA B
RO AR Y REFE S AP AR RE B, T JE T A A B R
S5HFI A . OWFFE &0 M T2, F0f & SR



BG4, 5 SRBORLIN R i ORI AR

175

fe ) [BDSCRE £, A IS T S TR A
@7z D58 % - Sl il i i A 7 5 A B

HL AT (BSOS AT B XL R, 8 TR A [T 73126 5 520

[ i M 280 IR, A A ) DS ST TS s, RRATRAZ 4

A RN eI SR T3 , $TH R FIRICR , S B 7

st el (R AT T o QBT RS A« A Sy a2 7 ]

W SR E Ml TS PRAIE 4 1 B il T SOk G 45 e

JE SR TR OCAR RWTB [FHUE 7, 3 i g e, @

AT HL K RWTB [T A S IE F B, 7o

VFRREE 0 AR 5 0 T el S PR AR ARRAEARZE ™, 42 71

TIFAARTEE o @i e b3 - FT DA RR S A5 HLAT Se it [l ey

ARME G, 85 HA A AR |1 R

W T2, BEATRE S VSR DM , 25 R 5C FE PRl E
) BURJZ I - DA HUA ZR K RWTB B8 AT

P2 TEAL R ) s B 3 (MW AT, il 5 ek o) [ SCBORE , Sy

[ s i ol il 5 COXURRL BB 48 IO FH A B ) o f 42T 37

WA HL] - S RWTB B0 8 Z2 0 BE 5 i ISk Al 04T XUAL

W B4 e 2 i A 42, 6T At B 0 5 i s B B B

HE I FBR(U1 2030 4F ISR IE S 40%) . LG HUIAIECH -

S Al AR A TS DR e TR 2 (A5 BF st HE2 il

SF LT SR, B TTUSCRE A Al B AR, R Tl 3

fit o @SERARUEIR R i BT BUAT ISCH AR e fb

RIS AT Ml ) B 1 XU, i 2 A AR

U HEBI ML S AV R AR 5 SE 3 IS — W HEUZ A g, T

S5 W (>80 BROT YRR Wi 25 52 1, 4 I P e T 7

SEMT R, B2 THA i s HE RS A . (DS 2 S AL O -

S5 W R SE B PSR 2R, 455 b [ [ ) E AR Ak

B TTTACBR RE PA 2  XL b A U 2 (™ el 5 22

i s DX A i [ LB AR TR s ORI HIX 27556

CHERIBDNE 1 58 ) PR AL RIS EA I .

£ % Xk

(17 PhgRSE, 45 F VRIS, 2023,39(11):193-195.

YE Xiaoyu, et al. Cleaning World, 2023,39(11):193-195.

[2] AERAEUR IR A S G VELLZL . b [ 2030 4F BE S ) 42 Ji KA
WFFE K 2060 4F R B[R], AL 5T« A BRAE IR LI N & e S EH 4,
2021.
Global Energy Internet Development Cooperation Organization.
Research on China's 2030 Energy and electricity development plan
and prospects for 2060[R]. Beijing:Global Energy Internet Develop-
ment Cooperation Organization, 2021.

[3] BAHL.KUAE, 2022, 14(3):22-24.
ZHAO Liang. Wind Energy,2022,14(3):22-24.

[4] HASHEMINEZHAD A, et al. J Environ Manage, 2024, 366. DOI:
10.1016/j.jenvman.2024.121735.

[5] AFh % M7 RedALE, 2023,10(4):113-121.

YU Dan, et al. Southern Energy Construction, 2023, 10(4):113-121.

[6] i, 45 KPHRESA, 2023, 44(5):328-335.

CHEN lJipeng, et al. Acta Energiae Solaris Sinica, 2023, 44(5):

(7]

[9]

[10]

(1]

[12]

[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

328-335.
HRAOMR, S AR, 2024,41(3):1 1921 203.
ZHANG Xiaolin, et al. Acta Materiae Compositae Sinica,2024,41
(3):1 192-1203.
RATHORE N, et al. Waste Manag Res. 2023 ,41(4):744-759.
SRR, 45 TERRERIE R , 2023 ,42(12):4 3414 350.
ZHANG Chaozhen, et al. Bulletin of the Chinese Ceramic Society,
2023,42 (12):4 341-4 350.
I, 4F AR TR, 2022,36(4):10-14.
GUO Pan,et al.. Dongfang Electric Review,2022,36(4):10-14.
CELL I 7L NG o3 IR LR R A N e e DS e
CN202411445213.5[P].2024-12-10.
HAN Jiming, YANG Wei, LU Tingting. A method for recycling
retired wind turbine blades:CN202411445213.5[P]. 2024-12-10.
SRRA, 2 AL TR, 2024, 52(4):264-267.
ZHANG Xingnan, et al. New Chemical Materials, 2024, 52(4):
264-267.
RIJO B, et al. Sustainable Materials and Technologies, 2023, 35.
DOI:10.1016/J. SUSMAT.2022. E00545.
ZHAO Q, et al. Composites Science and Technology, 2022, 224
(6):109461. DOI:10.1016/J. COMPSCITECH.2022.109461.
GE Z, et al. ACS Omega,2024,9(47):47 031-47 041.
TR T SRV AR 14 23 KL I s R 9 A R
FE[D]. =M 2K, 2023,
WU Junjie. Recycling and resource utilization of waste wind
turbine blades based on carbon and nitrogen bond cracking[D].
Lanzhou:Lanzhou University,2023.
SOBEK S, et al. J Environ Manage, 2024, 361. DOI: 10.1016/J.
JENVMAN.2024.121241.
ROKSANA M, et al. Sci Rep, 2023, 13. DOI: 10.1038/S41598-
023-36183-4.
MATTSSON C, ANDRE A, JUNTIKKA M, et al. Chemical recy-
cling of end-of-life wind turbine blades by solvolysis/HTL[C]/
Proceedings of the 41st Riso International Symposium on Materi-
als Science-Materials and Design for Next Generation Wind
Turbine Blades, Roskilde: IOP Publishing, 2020. DOIL: 10.1088/
1757-899x/942/1/012013.
KIM Y N, et al. Composites Science and Technology, 2019, 173
(3):66-72.
Pl A T A IR A R, A TR BE . — R I
SR T 2T Ak 5 R R BR AL A0 M R i T
CN201910987507.3[P]. 2021-04-20.
China Petroleum&Chemical Corporation, Shanghai Petrochemical
Research Institute. A method for subcritical fluid recovery of
carbon fiber reinforced resin based composite materials:
CN201910987507.3[P]. 2021-04-20.
KEITH M J, et al. Polymer Degradation and Stability, 2019, 161
(1):225-234.
WIRIR 45 A REREAI, 2022,39(1):64-T6.



176

AR

2025 4E, %5 53 4,45 5 1

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

HU Qiaole, et al. Acta Materiae Compositae Sinica, 2022, 39(1):
64-76.

ZHU J H, et al. Green Chemistry,2019,21(7):1 635-1 647.

WU Yue, et al. Waste Manag, 2023, 168(8):54-62.

YOUSEF S, et al. Environ Res, 2024, 245. DOI: 10.1016/].
envres.2023.118016.

CHEN Wangmi, et al. Journal of Analytical and Applied Pyroly-
sis,2023,169. DOI:10.1016/j.jaap.2023.105859.

GE Lichao, et al. Journal of Analytical and Applied Pyrolysis,
2023,170. DOI:10.1016/j.jaap.2023.105919.

XU Minggxin, et al. Composites Part B: Engineering, 2023, 251.
DOI:10.1016/j.compositesb.2022.110493.

RUAR kP, K, 5 —FR A KL 202 i b 7
7 # - CN202111549094.4[P].2023-07-25.

YUAN Haoran, ZHANG Shuhao, WANG Yazhuo, et al. A method
for vacuum pyrolysis treatment and recovery of retired fan blades:
CN202111549094.4[P]. 2023-07-25.

PRWIHT, i, WS, 45— R A KB it Il e B S 2T
2 i 7k B H A 2 A 2R BB 2T 4E - CN202211437839.2
[P].2023-03-07.

XU Mingxin, LU Qiang, JI Haiwen, et al. A method for thermal
decomposition and recovery of glass fiber from retired fan blades
and the resulting regenerated glass fiber: CN202211437839.2[P].
2023-03-07.

sk, ERLSE, XD, 4 —FR AL R AL BRI
7% :CN202211263862.4[P].2023-01-17.

ZHANG Shengyuan, WANG Kailiang, LIU Xiaoli, et al. A
method for processing and recycling retired wind turbine blades:
CN202211263862.4[P]. 2023-01-17.

CHENG Guangwen, et al. Journal of Engineering Research, 2023,
11(3):13-17.

2 RER, AF )R HL, 2023,52(3):94-101.

LI Liangyu, et al. Thermal Power Generation, 2023, 52 (3):
94-101.

LI Liangyu, et al. J Environ Manage, 2024, 371. DOI: 10.1016/j.
jenvman.2024.123159.

HAO Sigqi, et al. Polymers, 2021, 13(8):1 2311 246.

CHEN Chenghao, et al. Composites Science and Technology,
2022,230. DOI:10.1016/j.compscitech.2022. 109761.

SHEN Mingyuan, et al. Composites Part B: Engineering, 2023,
264. DOI:10.1016/j.compositesb. 2023.110878.

MREGPT, 45 Ak T34 ,2023,74(3):981-994.

CHEN Ruizhe, et al. CIESC Journal ,2023,74 (3):981-994.
PENDER K, et al. Composites Part B: Engineering, 2020, 198.
DOI:10.1016/j.compositesb.2020.108230.

KAVALIAUSKAS Z, et al. Materials (Basel). 2023, 16(8):3 089—
3 101.

NAGLE A J, et al. Journal of Cleaner Production,2020,277. DOI:
10.1016/j.jclepro.2020.123321.

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

A G AR BT A/ PR SRR A2 RHEI SRR ET 4 RO 5T
[D]. W BRI TR, 2019.

DENG lJianying. Research on the recovery of carbon fiber from
microwave pyrolysis carbon fiber/epoxy resin composite materials
[D]. Kunming: Kunming University of Science and Technology,
2019.

A AT, T RS0, A L R AL Ak B TS ot R
PRFS AT HERY J5 7% : CN113351620A[P].2021-09-07.

HU Song, REN Qiangqiang, LEI Zhiwen, et al. Methods for
processing and recycling high-quality fuel and fiberglass from
waste fan blades:CN113351620A[P]. 2021-09-07.

RANI M, et al. Resources, Conservation and Recycling, 2022,
179. DOI:10.1016/j.resconrec.2021.106107.

XU M, et al. Waste Manag, 2024, 187(1):179-187.

ko, SRR, AR SE A5 — AR R KL R b i [ ft
T IS LTHE R J7 s : CN202211437838.8[P].2024-03-01.

LU Qiang, XU Mingxin, JI Haiwen, et al. A method for thermal
decomposition and recovery of high-quality glass fibers from
retired wind turbine blades:CN202211437838.8[P]. 2024-03-01.
ALSHANNAQ A A, et al. Journal of Composites for Construc-
tion,2021,25. DOI:10.1061/(ASCE)CC. 1943-5614.0001136.
TR, 4 IR, 2024, 23(2):42-43.

WANG Haoyi, et al. Resource Recycling,2024,23 (2):42-43.
RUANE K, et al. Sustainability, 2023, 15. DOI: 10.3390/
sul5043366.

DELANEY E L, et al. Sustainability, 2023, 15. DOI: 10.3390/
sul51612557.

DERKOWSKI A, et al. Polymers (Basel). 2024, 16. DOI1:10.3390/
polym16091210.

ZHOU Yingwu, et al. Polymers, 2022, 14. DOI: 10.3390/
polym14030581.

PLAWECKA K, et al. Materials, 2021, 14. DOI: 10.3390/
mal4216539.

MANSO-MORATO J, et al. J Environ Manage, 2025, 373. DOI:
10.1016/j. jenvman.2024.123995.

REVILLA-CUESTA Vet al. Environ Sci Pollut Res Int,2024,31
(25):37 757-37 776.

BATURKIN D, et al. Resources, Conservation and Recycling,
2021,174. DOI:10.1016/j.resconrec.2021. 105807.

OLIVEIRA P S, et al. Journal of Cleaner Production, 2020, 274.
DOI:10.1016/j.jclepro.2020.122948.

PS4 UL . B A PR 2 A KRy A X M A AR TR - PR RE Y52 )
WF5E[D]. 4 B : PERERHE R, 2020.

TENG Yinjian. Effect of GFRP recycled fiber and powder on the
properties of reactive powder concrete[D]. Mianyang: Southwest
University of Science and Technology,2020.

WANG J, et al. Materials (Basel), 2024, 17. DOI: 10.3390/
mal7143565.

Je B Xy A 1B B KUBLI R, Bl 2 J% S S [EB/OL].



BG4, 5 SRBORLIN R i ORI AR

177

[62]

[63]

[64]

[65]

[66]

[67]

(2022-07-07) [2023-03-03].
20220707/1239327.shtml.

https://news. bjx. com. cn/html/

North Star wind power grid. Retired wind turbine blades, how to
turn waste into treasure[EB/OL]. (2022-07-07) [2023-03-03].
https : /news.bjx.com.cn/html/20220707/1239327 .shtml.
SCHINDLER A K, et al. Waste Manag, 2024, 182. DOI:10.3390/
mal7143565.

YANG L, et al. Molecules, 2022, 27. DOI: 10.3390/molecules
27248668.

LAN Tianhui, et al. Frontiers in Materials,2023,10. DOI:10.3389/
fmats.2023.1164693.

o I R KHIL e 52 5 2R A B U 7 a5 T 2 e E R Mg
FE[D]. KL TR RHE R, 2022,

GAO Wenjing. Research on the preparation process and technical
performance of modified asphalt of composite fiber of waste fan
blades[D]. Xiangtan: Hunan University of Science and Technol-
ogy,2022.

MOSLEHI A, et al. Journal of Applied Polymer Science, 2022,
139. DOI:10.1002/app.51934.

SR I FRP 59 SRS R AT il 55 AR S ARG T4
K AERERTIE[D). U5 M - B R K=, 2015.

WU lJianjun. Study on preparation and properties of wood plastic

composites by FRP waste and straw fiber[D]. Jinan:Jinan Univer-

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

sity,2015:41-55.

THIPPANNA V, et al. ACS Sustain Chem Eng, 2024, 12(8):
3243-3 255.

HRE I, A ARG , 2017, 32(1):50-54.

ZHANG Sufeng, et al. Thermosetting resin,2017,32(1):50-54.
RAHIMIZADEH A, et al. Materials (Basel), 2019, 12. DOIL:
10.3390/ma12233929.

DU C, et al. Polymers (Basel). 2022, 14. DOIL: 10.3390/
polym14245408.

SMOLEN 7, et al. Polymers (Basel), 2022, 14. DOI: 10.3390/
polym14142925.
MANTELLI A, et al
polym13050726.
WANG C, et al. Luminescence, 2024 ,39. DOI:10.1002/bio.4608.
R, 55 MRBITTE S NI, 2024, 18(4):560-573.

MA Yantao, et al. Materials Research and Application, 2024, 18
(4):560-573.

BESHE 4E TRE SR, 2024 ,42(2):46-52.

FAN Xiaojie, et al. Energy Conservation & Environmental Protec-
tion,2024,42(2):46-52.

VERE. NS IR, 2022,40(5):34-38.

XU Renci. Inner Mongolia Electric Power, 2022,40 (5):34-38.

Polymers, 2021, 13. DOI: 10.3390/



