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Preparation of Stereocomplexed PLLA Nanofibrous
Membranes with High PM, ; Filtration Efficiency
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Abstract  Poly (lactic acid) (PLA) nanofibers have potential applications in the field of environmentally friendly
filtration materials, but their intrinsic helical molecular chains conformation and low dielectric constant result in poor
electret properties, easy decay of filtration performance (e. g., decreased filtration efficiency, elevated pressure
drop) , and short effective service life. The formation of highly electroactive stereocomplex crystals (SCs) was
achieved by blending poly (L-lactic acid) (PLLA) and poly (D-lactic acid) (PDLA) , which was promoted by
facilitating the polarization of oriented C=0 dipoles induced by the high-voltage electrostatic field during electrospin-
ning. The existence of SCs significantly increased the dielectric constant, electret effect and surface potential of the

refined PLA nanofibers. The enhanced electroactivity of PLA nanofibrous membranes (NFMs) enabled significant
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increase of the PM,; filtration efficiency to 96.32% (72.44% for pure PLLA) , while providing desirable pressure

drops (85 L/min, 209.2 Pa). More importantly, the filtration performance of the electroactive PLA NFMs showed
weak relation to the airflow velocity (10—85 L/min) , compared to that of the pure PLLA. The excellent stability
under increased airflow velocities allows great practical application potential in air filtration field. Moreover, the
promotion of the electroactivity of PLA NFMs remarkably enhanced the triboelectricity and electrical signals as
stimulated by respiratory vibrations, laying the theoretical foundation for human respiration-based physiological
monitoring. This work reveals a new structuring strategy for expanding the application of electroactive PLA in the field
of high-performance respiratory protection and intelligent physiological monitoring.

Keywords Poly(lactic acid) ; Stereocomplexation; Electroactive phase; Electret property; Air filtration
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Scheme 1 Schematic diagram of preparation process of self-powered SCs reinforced PLA
triboelectric effect NFMs
The main mechanism is that PLLA and PDLA molecular chains are rapidly polarized by high voltage electric field during
electrospinning process, forming strong hydrogen bonds and forming SCs. (A) Electrospinning; (B) dipole polarization

process; (C) the process of stereocomplexation.
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MEAA BT, R EAR R 10 nm~10 wm, FHAEEEEME 10, 32, 65 F185 L/min A TE &l i, SR
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Scheme 2 Homemade equipment and instruments for air filtration tests
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SEM images(A—D) and corresponding fiber diameter distributions(E—H) of PLA nanofiber

membrane(NFMs) strengthened by stereocomplex crystals
(A, E) PDLAO; (B, F) PDLAS5; (C,G) PDLA15; (D, H) PDLA25.
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Tk T, B S AR O 2T 4E. S PDLA TE B T & St M 524 S 2 4, T 20 21 4 550 1 3
2N R F 1L UERCR IR THN R R A AR
2.2 SC-PLA NFMs By R iE M 5 254 RAE

PLLA 1 PDLA 552 [RIJE B0 S5 53 T PLA S AR A4k, f2 0 C=0 (B4 7R HES, AT
f 1 SC-PLA NFMs iy HLIEYE . ST A5 G4 PLA TE SRR LI O B 2 A0, AT EE T+ PLA 20T A H
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SR EEREE PDLA 5 & 3 Inmisg i, SERT 7 SCs IE AL . fEI2(B) AT LA Y, 5 PDLAOAH L, 545 SCs
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FRAEIE A7 B 903 em™ #5A5 Z2 908 em ™, I B £ SCs FITE AL T W Z /4 TRl S8V E . i El 2
(C)RTIL, 5 PDLAOAHEL, 47 SCs IEF4ER AR R A5 (F1 950 em ' #8122 956 em™) >, %M
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Fig.2 XRD intensity profiles(A) and FTIR spectra(B—D) of SC-PLA NFMs
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12 h JE R IR T NLF IR i 3. &3 Fig. 3 Characterization of surface potential and dielectric

AL, PDLAO B Ti HL 344K, 0 1.07 kV, constant(1000 Hz) of SC-PLA NFMs

%%}JIE 'L'lj 5’% %,;f& EE, |]ﬁ 5 [ %‘E jj . SC-PLLA NFMs E %. The inset shows the digital photo of surface potential measurement.
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TENGs 91, 3XFp it ol 38 5ok — ZR 50 P S 2T 24 0 p AR F0 30 % 24200 e i DAL 22 38 A PLA NFMs, T
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TR B L R AR RS O, B 4(D) SR T IR AR A48 T . PDLA2S 8 N HEA T AR I fisf mf
DI 6. 94 V HLIE, 1T PDLAOYAEH i 0. 02 VLR, 15 HH PDLAOFE S X B 48 =y A8 (AT H i
SR A KRR BIHRPURE /NN T PDLA 342 B SCs BIAE b . # SC-PLA NFMs AJ g AT i
TR PREE RV ST, RIS T PLA JE m A g B & SR T AT BE
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Fig. 4 Output voltage for linear motor (A), the working mechanism of TENG (B), the real-time monitoring
of SC-PLA NFMs (C) and the schematic structure of real-time monitoring(D)

Inset of (C): the digital photo of real-time monitoring.
2.4 SC-PLA NFMs gyitigitse
{8 AL B R T PLA NFMs 7E 10, 32, 65 #1185 Limin 2543 & B X PM, s[5 uEvERE . |
501 0L, PDLAO X PM, (143 38 3550 % il 2 A< e e 3 R AR, {H SC-PLA NFMs 3225 /I 3 A 52 i 458
/N, FE SR 85 Limin (25 S0 F AT PREF 94% LA B IR0 . 228 KA A 10 L/min B, PDLA25 %
PM, .3 BEREE R 99. 38% , 2425 S8 85 Limin B4 96. 32%, R W T 293%, ifii PDLAOZEZS S 7 ik
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Fig.5 Filtration efficiency of PM, ; and the pressure drop at different airflow velocities
Airflow velocity/(L-min™): (A) 105 (B) 32; (C) 65; (D) 85.
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Fig. 6 Quality factors at different airflow velocities (A) and SEM image of PLA NFMs after filtration (B)
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Bt 37 3 (1 K, PDILARS 7625 33 4 85 L/min I 3t HERICRIR T 2 96. 32%, it 46 PLLA 114
72. 44%. 235N 85 Limin I, PDLA25(209. 20 Pa) it T [ K T PDLAO(281. 60 Pa). HLIGEAYIE
1o T T AR YA AR RSOR , B R T IR A SE B A A AT RE . AT R TSR (AR TG SR T g R
R, i PLA 92T JI5 1 B8 45 2% S 55 1408, PDLA2S BLA B 410 FL A5 5 2% 5 (0. 1 Hz, 10N,
12.5V). Ji4b, 4 PLA ZNEF ISR NGRS, AP R AR R R 47 HiL {5 5 fai tH 2 1 (PDLA2S,
6.94 V). Z& FITIE, AR K PLA M RBHAE i BE T IR B 5 S0 RN R4 B o Aol 93ak 1o o FH R 46 1758
TR LS R BETT M ] (5 S8 A e 5 48
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