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Abstract : This review comprehensively summarizes the research progress in the fabrication of polymer nanofibers through
electrospinning technology, which elaborates on the characteristics of polymeric materials used in electrospinning, the impact of
organic/inorganic composite design on fiber functionality, and their diverse applications. A brief introduction is given to the influ-
ence of the types of electrospinning equipment (single-needle, coaxial, multi-fluid, and near-field systems) and processing parame-
ters of the electrostatic spinning (including instrumental parameters, solution-related, and environmental factors) on the morphology
of fibers. The properties, applications, and limitations of spinnable synthetic and natural polymers are summarized. Furthermore, the
enhancement of fiber functionality through the incorporation of diverse nanoparticles, such as inorganic metal and organic particles,
is discussed. Recent advances in the application of polymer electrospun fibers are reviewed, focusing on flexible energy harvesting,
biomedical fields, and environmental water treatment. Analysis indicates that polymers doped with organic/inorganic particles can
enhance fiber functionality, overcoming the limitations of single-polymer systems in terms of mechanical strength, response speed,
and bioactivity. Finally, the current advantages and challenges of polymer electrospinning technology are concluded, with a perspec-
tive on its future development trends towards green processing systems and intelligent-assisted manufacturing.

Keywords : polymer ; electrospinning ; nanofiber ; structural regulation ; functional application
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TR A5 1 A AR . 910, Huang 2509 F PCL 1 SF 41k
il & e e 4, Horh PCL A2 4R )1 24 3 P SF ol 7e )2
PSSR LT A AR o RN SR T , 4 B 0 g K T
oK BRI SR 6 K A% 1H FH A3 0 66.3%, 55 18 K1k 97.7%, H.
REAR L5526 S OB T 8 R IR RS Wy OB E AL 5
005 TP 5 1 B h REBUR B s vEfE . KRB AWl
SOk, X T2 2 0 11 (U PR 1 1 R LG5 11 5 AT R
A D REPERURL LA M B

Zhan %P0k CS/ZnO NPs A8 8 R 45 4 I8 )2, B CS/
MXene & & % {1 2% 4F 5 Z (AST)PVA ' , £ & PVA/CS/
MXene@AST 274t )2 . %8 G LF 4L 2 ZnO NPs i i3
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TR Ze X T DA R 4 B £ AT 25 3K T P 70 1T 588 4 90% 5
12 MXene S5 HARH I Zk W R SR HURRTVE FH , AST 453
W ELAT st A fe b, % DPPH [ i 2R BR R AT 90%. ek
PRI /IS BRAR R S 21 A RS 405 1 i 52 03k 97.25%, I 1 3
A FSE DR RI I A A B o TR AR R W A 2o 8 4% e, 25 24
LT YELE I E R UIRE, R SE U PR S 8,
FEArF I AR T E R R S PG
3.2.2 HHLUER

TR —FMEE SR B B R AT ik
B IA B A R B AN A T 04 B RO s A A
FEIER, A TR ST RN AR Y
M ST R EAR AL = T R RSP ECRL . SETF, B
JE A ARV 1 HL 7 22 A7 AR U BB A SO DL A0 i P K
D C R HEE R F i —FhoCEEA L. 10, Al-Baadani
LEOSE 1o R 2 2 AR 46 T PCL/Gel A1, FH T B 4141
HARATE Y% 25 . PCL/Gel-5 4 (Gel, PCL Jfi i 43
By 3R 20% , 15%) 4H L B L 38 58 R 431k RE ) decik
BEHN PCL M A7 Bh T i B A B R . Lei S5 Ik -
B H L 2 22 i 2% T 4B 2 — 4L AE/CS (S10,-B/CS) 1
SRR A S HEAT LAY IR STt RN B D I i A0 PR AR
Koo RV B B AR AL |, 55X R Si0,-B/CS 28 B AR
IyECR 20.8% W TR . 2B AL T R RN
bR S G RIR S G R B A AT Y S AR, AR
P R ALBENE BE -5 A DA 2 (Y TRl SCHU S5 4 SR A4
A BT 98 4% 1 0 H AR, DA T 4 2 — R Ak P AR SR 19
SEPR
3.2.3 ZyWkaik

TEZI Wik R G, i 95 22 BOR SEAB IR R Y £ S 4548
WITRE T, B —F s s 25 R AR G . 25 ] U gE
iz B S AT AR A YL T, sl R R A R R
1) 7 1% 1 S AR 27 A e 1D, AT AR 4l 75 SR Rl 2 . il
Tolun &5 R I L A R Al e 25 22 53 5 ) 48 T 2R R
T AL -B- IR €5 W) (HP-B-CD)/ S TE M AN K T 4k, 274k
# 350 min P25 BBURE RN 80% , 1 [l A% 7 £ 4k 11
[T I B T3 A 93% , HLIAES 2 4 B 1 (43 ¥l B2 291.63 °C).
Cao 2500 ik 38 11 (OVA VAL HE7E [ 25 - i it (DDA)
2 e A SR U B S B L (PPy)/PVA £ 4E LS I,
G AR 320 nm. BT RAEH T, B 80R
TR S U % |, 35 B RS DU 40 MBI, 985 e
5 o AE 2 N B TR | 2 2 T L, AR AR A s S R
OVA F¢ Sk e BR AR 11 E KOV AR FE ORI PR ™ A2 |, di
Ui 60 T B 2548 . 2k T FRL T L T A R T R R
P it A S R B 0 R 22 S T A4 235 ) AR R DL R T i
e im B, BRI DAL 25 01 T4 Rl g2 S 1) 2
HIRROR

3.3 ER¥EARAH
3.3.1 KA

RA YT 2 22 £ AR /K 43 B A0 R B HE AR 34
AT A B B KSR I SR K SR A PR R, B8
i B2 T REVE 9 K U X £ 4 R 1w UEA T8 , 40 Si0,, TiO,
FIHA JE AL KL, ) 45t M A P i s S K 2T 4R, S
TR R R K 2 B0 130 , Feng 250t P 42 37 1A 24 v, 417 24
ARl %5 PVDF-PVDF/PDA 4K 45 4k it , -2 45 4k T A2 R
150 nm, FLI& 1 0.043cm’/g, PVDF-PVDF/PDA 4T 4 () /K 42
il ff ok 125.9°, FLJR R S5 1, [ s AR 4 7k 7K 43 85 S 56 ]
DA HZEF SRR T DASE IR ¥ T 7K 4385 . Chen 45" 3
FALZ5 221 45 T TPU/ 2K H! il (BPAF-an) 44 K £F 4k i, SF-34
24k B AR 0.88 wm, K4 fil /1 2 145.2°, TPU/BPAF-an 44
KEFYERERT T K IR A P ) o B AR ot 99%, i i 2o 100
UABEIRI, 43 B RCR T LLAERRIE 96% . AW 9 22 21 4
FEE P A R T 2 P 208 2 T b2 AR R 4 RO 28 g g
P THRTT o SR W A% 00 1 T3 i PR T 4 R T R L AT
T 7 2 B K PR BT 1 o R IR A 3 i i R 2R
FPFPRAR : — &l R ARy U R I RE AR
SRR A Y T ARG L AT A et .
BT R AR R TR RE , DT T 27 Ak B K, SE BRI K
IrE .
3.3.2 J5/KAbH

PRACKE 2> i e 3 i A A Tl Ak S 205 K i A WLk
GYRUE YR ING, RE W g7 L R Yy T S IR
B4 5 7K Ak B R AR R T BB N T Y W B R
A1 LiAEM SRS R m PR 45 T CDs@BN 2454, It
A T L 25 226 B 2R T PAN YRR R g K R %0
7. H AN % P B 2 R e W B 2 k(4 30 R 220.79 i
198.81 mg/g), 5 UG I W B RE PR 4 95% LA I+, FLZE R BH
JEHE 1 /NS S X 7 b et A 25 B R i 5 0T 3K 99.5%.  Chen
SN FHTCAT R 25 22 5 AR, L PVA S FURHE A V- 3-4-
M R AT R R (SBQ) il £ H vl ft | R T A PR 9 A DR 2T 4
HES, A AE A% A 270 nm. AKE B de e ol Lk El 4 785,231/
(m’+h), 10 nm LA 1= FUk7 5% B8 220 99% ; 1M 76 1 J& i /K st 5
FRIRERFE 2 1.05 mg/L, KIGFTHE 2 H . & Lk, B4
Y P 25 22 1 5 70 A B 4T3, 3 7 PR S8 35 vl W R e 2 R
KEFRREIF . b RErE B2 B R G sk, 3
PETFEF YR TN TR TS Y W I . e Rl Rl )
i S R Rl o L R A IR B S P TS e, (A
TR [ RCRE 2 DI RE KA BRI K R R E
4 SHESRZE

EAER, et OO AR W BT K Ak 3 A sk 5 1 e
YURLF AR VIR RS T R AW 25 22 BRI &
JE o A KR AR R G LA S RE SR 1Y
FIATT LAXTEFHE R 254 RO D REHEA TIR4% o SR b 57 22
AATS I 2 SR AL F=RCR A T REME AR & R A PR R



TR, 55 AT T 2R S H I RE N T f 205

B RENR 1 BB AN A AR ; RN AR G T 25 I At AT HILIE 7
AR BIIRGTTG YIS T iR R . LEAh, T WA 4 (8 T 545
R JEEHWITIETE M 5 ASEIN TR R K I ma ik
TEBHO SR EE . A, N TR BETEA RS
SRR TR R B R ) Hlaser o) R
SECF A EOR MG AR AL R SRS 2 A
T SRR, I S S S R P B 4 Sl e
225 R R REAL T
KA, RE Wi 2 22 8RN 91 2o S B Re AL IR L
a9 T I BEATE A . 2R BB R IR A |
LR IR KL DS 2 AR R L) KW G 1R 2R Y7 22 B ARAT B TE A
BT, G YR O 22 BOR N E T 2 I REAM R A
AW 5 T AR AR LB BE MR A RO A, AT e — 2
RIS VIR AL DR AL AT D RE s 7005 F 41 R D7 Th , i
HL 977 22 i ARAT A I A A A R TR SR RSV P4 R 251
T 2R GE L K LA 2T A v i A5 U S B S R A I
Rl T BB ML 27 ) AE T A A5 i s ol v e 4%
Rt AT, 2 — 2R T A 803 S B ST 36 2 103 ] R LA A
PR
& % X #f
[1] RENEKER D H,et al. Polymer,2008,49(10):2 387-2 425.
[2] JIANG J-W, et al. International Journal of Precision Engineering
and Manufacturing,2023,24(3):511-529.
[3] WRNING, 4. TR A, 2025, 53(3):166-173.
PAN Yuging, et al. Engineering Plastics Application, 2025, 53(3):
166-173.
[4] XUE]J,etal. Chemical Reviews,2019,119(8):5 298-5 415.
[5] XU C,et al. Materials Today,2025,87:151-175.
[6] NACHEV N, et al. Molecules, 2022,27(17):57-38.
[7] JAHAN I, et al. Journal of Polymers and the Environment,2022,30
(5):1 709-1 729.
[8] YU J,etal. Industrial Crops and Products, 2021, 168. DOI:10.1016/
j.indcrop.2021.113610.
[91 WANG M, et al. Materials Highlights, 2020, 1(1):1-13.
[10] LI M S, et al. Industrial & Engineering Chemistry Research,
2020,59(13):6 301-6 308.
[11] XING JY, et al. Materials Today Bio, 2023, 21. DOI:10.1016/j.
mtbi0.2023.100710.
[12] KING W, et al. Polymers, 2021, 13(7). DOI: 10.3390/
polym13071097.
[13] LIU L, et al. Composites Communications, 2020, 22. DOL:
10.1016/j.c0c0.2020.100506.
[14] ZHENG Q L, et al. RSC Advances,2024, 14 (5):3 359-3 378.
[15] HUANG J, et al. Chemical Engineering Journal, 2024, 491. DOI:
10.1016/j.cej.2024.151971.
[16] TAYLOR G. Proc. Roy. Soc. London A,1969,313:453-475.
[17] SU C L. Fibers and Polymers, 2013, 14:542-549.
[18] DUFT D, et al. Nature,2003,421(6919):128-128.

[19] WANG C, et al. Progress in Materials Science, 2025, 154. DOI:
10.1016/j.pmatsci.2025.101494.

[20] MUNAWAR M A, et al. Materials Chemistry and Physics, 2025,
329. DOI:10.1016/j.matchemphys.2024.130009.

[21] BATKA O, et al. Applied Sciences, 2024, 14(11). DOI:10.3390/
appl14114638.

[22] K&, BRlE SR, 2020,40(06):104-110.
ZHANG Qi, et al. Membrane Science and Technology, 2020, 40
(06):104-110.

[23] VYSLOUZILOVA L, et al. International Journal of Pharmaceu-
tics,2017,516(1 - 2):293-300.

[24] LI X,et al. Journal of Materials Chemistry A,2016,4(37):14 453—
14 463.

[25] BEAUDOIN E J,et al. Nanomaterials, 2022, 12(8):1356.

[26] ZHU Z, et al. AIP Advances, 2019, 9(10). DOI: 10.1063/
1.5111936.

[27] ZHU Z, et al. AIP Advances, 2018, 8(8). DOI:10.1063/1.5026908.

[28] SALEHHUDIN H S, et al. Journal of Manufacturing Processes,
2023,85(0):544-555.

[29] PARAJULI D, et al. Virtual and Physical Prototyping, 2016, 11(3):
193-207.

[30] GEE S, et al. Journal of Membrane Science,2018,563,804-812.

[31] LIMAF D A, et al. Journal of Environmental Management, 2024,
362. DOI:10.1016/j.jenvman.2024.121352.

[32] OY N, et al. Chemical Engineering Science, 2021, 230. DOI:
10.1016/j.ces.2020.116200.

[33] PRABU G T V, et al. Scientific Reports, 2020, 10(1). DOI:
10.1038/s41598-020-60752-6.

[34] COLLINS G,et al. Journal of Applied Physics,2012,111(4). DOL:
10.1063/1.3682464.

[35] MAILLEY D, et al. Macromolecular Materials and Engineering,
2021,306(7). DOI:10.1002/mame.202100115.

[36] HUANG L, et al. Journal of Polymer Science Part B: Polymer
Physics,2011,49(24):1 7341 744.

[37] MEDEIROS E S, et al. Canadian Journal of Chemistry, 2008, 86
(6):590-599.

[38] HUANG F, et al. e-Polymers, 2008, &(l). DOI: 10.1515/
epoly.2008.8.1.1758.

[39] ZAHRA F T, et al. Polymers, 2023, 15(18). DOI: 10.3390/

polym15183837.
[40] RAHIMKHOEI V, et al. International Journal of Biological
Macromolecules, 2023, 253. DOI: 10.1016/j.

ijbiomac.2023.126642.

[41] WOODRUFF M A, et al. Progress in Polymer Science, 2010, 35
(10):1 217-1 256.

[42] MOKHTARI F, et al. Progress in Materials Science 2025, 148.
DOI:10.1016/j.pmatsci.2024.101376.

[43] WU S, et al. Polymer, 2025, 327. DOI: 10.1016/.



206

AR

2025 4F, 465 53 4,45 11 11

[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]
[56]

[57]

[58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]

polymer.2025.128361.

GAAZT,et al. Molecules,2015,20 (12):22 833-22 847.

YANG Q, et al. International Journal of Biological Macromol-
ecules,2023,236. DOI:10.1016/j.ijbiomac.2023.124004.
TURKOGLU G C, et al. International Journal of Molecular
Sciences,2024,25(3). DOI:10.3390/ijms25031668.

EL-OKAILY M S, et al. International Journal of Biological
Macromolecules,2021,182:1 582—1 589.

TS TR, 2023, 51(04):51-56.

XU Chao, et al. Engineering Plastics Application, 2023, 51(04):
51-56.

LAM C X F, et al. Biomedical Materials, 2008, 3(3). DOI:
10.1088/1748-6041/3/3/034108.

LAM C X F, et al. Journal of Biomedical Materials Research Part
A,2009,90A(3):906-919.

AL-BAADANI M A, et al. Materials Today Bio, 2023, 21. DOIL:
10.1016/j.mtbio.2023.100692.

MIREJA S, et al. Polymer, 2024, 293.
polymer.2023.126665.

KARAN S K, et al. Nanoscale,2015,7 (24):10 655-10 666.

DOI: 10.1016/.

MAY et al. Journal of Materials Research and Technology,2022,
20:2 689-2 704.

DU X, et al. Journal of Advanced Ceramics, 2022, 11 (2):331-344.
CHENG B-X, et al. Polymer Testing, 2022, 107. DOI: 10.1016/j.
polymertesting.2022.107489.

YUE Y, et al. Journal of Colloid and Interface Science, 2021, 592:
310-318.

LARUE L, et al. ACS Biomaterials Science & Engineering,2024,
10 (9):5 537-5 549.

WANG X,
polym9090401.

ZEUGOLIS D 1, et al. Biomaterials,2008,29(15):2 293-2 305.
WANG H, et al. Materials Today Bio, 2025, 33. DOI: 10.1016/j.
mtbio.2025.101997.

REIZABAL A, et al. Advanced Functional Materials, 2023, 33(3).
DOI:10.1002/adfm.202210764.

INOUE S, et al. Journal of Biological Chemistry, 2000, 275 (51):
40 517-40 528.

ZHANG Z, et al. Materials Today Bio, 2025, 32. DOI:10.1016/j.
mtbio.2025.101737.

RIZZARELLI P, et al. Mass Spectrometry Reviews, 2023, 44.
DOI:10.1002/mas.21869.

ZHAO Y, et al. Food Chemistry, 2023, 405. DOI:10.1016/j.food-
chem.2022.134991.

KUBIAK A, et al. Materials, 2018, 11(11). DOI: 10.3390/
malll12295.

ASTURE A, et al. Polymer Bulletin,2023,80 (4):3 507-3 545.
VAGENA I-A, et al. Nanomaterials, 2024, 14(5). DOI: 10.3390/

et al. Polymers, 2017, 9(9). DOI: 10.3390/

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]
(80]

[81]

[82]

[83]

[84]

[85]

[86]

(87]

[88]

[89]

[90]

[o1]

[92]
[93]

nano14050397.

YARI H, et al. Progress in Organic Coatings, 2020, 147. DOI:
10.1016/j.porgcoat.2020.105773.

ZHANG M, et al. ACS Applied Materials & Interfaces, 2023, 15
(25):30 849-30 858.

KUDDUSHI M, et al. Advanced Composites and Hybrid Materi-
als,2025,8(2). DOI:10.1007/s42114-025-01269-2.

GUO Q, et al. Advanced Materials, 2019, 31(50). DOI: 10.1002/
adma.201901997.

GE M, et al. Journal of Materials Chemistry A,2016,4(18):6 772—
6801.

RASHID AL-MAMUN M, et al. South African Journal of Chemi-
cal Engineering,2022,40:113-125.

WANG J, et al. Journal of Energy Storage,2021,42. DOI:10.1016/
J.est.2021.103094.

LI X, et al. Journal of Colloid and Interface Science, 2025, 683:
256-268.

WEI Z, et al. Journal of Applied Polymer Science, 2020, 137(23).
DOI:10.1002/app.48788.

XUY,etal. ACS Sensors,2024,9 (2):849-859.

KHAN A, et al. Optical Materials, 2024, 149. DOI: 10.1016/j.
optmat.2024.115063.

MUANPRASAT C, et al. Pharmacology & Therapeutics, 2017:
170:80-97.

SILVA A O, et al. Carbohydrate Polymers, 2021, 272. DOI:
10.1016/j.carbpol.2021.118472.

LI X, et al. Journal of Colloid and Interface Science, 2025:683:
256-268.

KANG D, et al. Journal of Nanobiotechnology, 2025, 23(1). DOL:
10.1186/512951-025-03166-8.

ALBRIGHT V, et al. Advanced Healthcare Materials, 2018, 7
(11). DOI:10.1002/adhm.201800132.
JIANG Y, et al. Small, 2025, 21
smll.202412432.

ZHANG J, et al. Journal of Applied Polymer Science, 2024, 141
(9). DOI:10.1002/app.55009.

EME S AT R}, 2025,53(5):232-237.

WANG Huainian, et al. New Chemical Materials, 2025, 53(5):
232-237.

ZHANG Q, et al. Chemical Engineering Journal, 2024, 498. DOI:
10.1016/j.cej.2024.155661.

TANG W, et al. Advanced Functional Materials, 2015, 25 (24):
3718-3 725.

MAHANTY B, et al. Chemical Engineering Journal. 2025, 519.
DOI:10.1016/j.cej.2025.165418.

PARANDEH S, et al. Nano Energy,2019,59:412-421.

CHENG F, et al. Advanced Functional Materials, 2025, 35(1).
DOI:10.1002/adfm.202406950.

(17). DOL 10.1002/



TR, 55 AT T 2R S H I RE N T f

207

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

JAYARAMA R V, et al. Wound Repair and Regeneration, 2013,
21(1):1-16.
HUANG B, et al. International Journal of Biological Macromol-
ecules,2024,279. DOI:10.1016/j.ijbiomac.2024.135100.
ZHAN Y, et al. International Journal of Biological Macromol-
ecules,2025,311. DOI:10.1016/j.ijbiomac.2025.143921.
YUE H, et al. Journal of Materials Chemistry B, 2018, 6 (3):
393-400.
AL-BAADANI M A, et al. Materials & Design, 2021, 209. DOI:
10.1016/j.matdes.2021.109962.
LEI Z, et al. Carbohydrate Polymers, 2025, 358. DOI: 10.1016/j.
carbpol.2025.123491.
YE K, et al. Pharmaceutics, 2019, 11(4). DOI: 10.3390/pharma-
ceutics11040182.

TOLUN A, et al. International Journal of Biological Macromol-

(L3 189T0)

[17]

[18]

[19]

[20]

[21]

CANDAL M V, SAFARI M, FERNANDEZ M, et al. Structure
and properties of reactively extruded opaque post-consumer
recycled PET[J]. Polymers, 2021, 13(20). DOI: 10.3390/
polym13203531.

DHIBAR S, PAL B, KARMAKAR K, et al. A 5-aminoisophthalic
acid low molecular weight gelator based novel semiconducting
supramolecular Zn(ii)-metallogel: Unlocking an efficient Schottky
barrier diode for microelectronics[J]. Nanoscale Advances,2023,5
(23):6 714-6 723.

BALKAEV D, NEKLYUDOV V, STARSHINOVA V, et al.
Novel nucleating agents for polypropylene and modifier of its
physical-mechanical properties[J]. Materials Today Communica-
tions,2021,26. DOI:10.1016/j.mtcomm.2020.

WU J B,LIN J H,XIAO W H,et al. Influence of functional group
structures in nucleating agents on the crystallization behavior of
poly(ethylene terephthalate) [J]. Journal of Applied Polymer
Science,2025,142(3). DOI:10.1002/app.56365.

HIRAI T, MATSUNAGA T, SATO N, et al. High-temperature
crystallization of immiscible polymer blends induced by the shear
flow in injection molding[J]. Polymer Crystallization, 2019, 2(4).
DOI:10.1002/pcr2.10069.

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[22]

[23]

[24]

[25]

[26]

ecules,2025,300. DOI:10.1016/j.ijbiomac.2025.140064.

CAO Z, et al. Advanced Functional Materials, 2025. DOI:
10.1002/adfm.202503522.

MASKE V A, et al. Polymer Bulletin, 2024, 8 (18): 16 415—
16 455.

FENG T, et al
polym17050703.
CHEN X, et al. Journal of Membrane Science, 2024, 702. DOI:
10.1016/j.memsci.2024.122788.

DGR, 56 A HT, 2022, 36(18):215-223.

SHI Xiaofeng, et al. Materials Reports,2022,36(18):215-223.

Polymers, 2025, 17(5). DOI: 10.3390/

LI S, et al. Separation and Purification Technology, 2025, 364.
DOI:10.1016/j.seppur.2025.132479.

CHEN Y, et al. Journal of Membrane Science, 2025, 727. DOI:
10.1016/j.memsci.2025.124024.

GAONKAR A, MURUDKAR V, DESHPANDE V D. Isothermal
crystallization, melting behavior and mechanical properties of
polyethylene terephthalate (PET) and reorganized PET (RPET)[J].
Journal of Macromolecular Science, Part B,2023,62(3):105-128.
BANDYOPADHYAY J, MEKOA C, MAKWAKWA D, et al.
Influence of nucleation and growth mechanisms on the heat
deflection temperature of a reactively processed polypropylene
nanocomposite[J]. Polymer Engineering & Science, 2021, 61(4):
1195-1 208.

ZHANG X,ZHAO S C, MOHAMED M G, et al. Crystallization
behaviors of poly(ethylene terephthalate) (PET) with monosilane
isobutyl-polyhedral (POSS) [J].
Journal of Materials Science,2020,55(29):14 642—14 655.
PATRA P K, JAISINGH A, GOEL V, et al. Crystallization kinet-

oligomeric silsesquioxanes

ics of compatibilized blends of polypropylene and polyethyleni-
mine[J]. Journal of Thermal Analysis and Calorimetry, 2022, 147
(12):6 689-6 699.

ZHANG Q F,LI K,FANG Y, et al. Improvements in compatibil-
ity and properties of biocomposites modified through nanosilica

attachment[J]. Iranian Polymer Journal,2022,31(11):1 3871 398.



