WO T %
ACTA POLYMERICA SINICA

ZERMEFHFFERBNIERINBEURILERNT K
SES BN

ABED AR B &' ZAE GRE' IOR? BERY ZEEY mAAS
FHRES A4S @ B wEINT R OEY & WO
(AR Tol2EBe MR TRR2E B AL PGP A R RS SEIR % S 065000)

(PEE KRS 22 TR2ERE SRS YEERE 70 221116)
AR EG P EEREALEE Jbat 102205)

CERBMEL SR ARAT #Exil 222069)

(PEBE R S5 8 5 TR THLE TR2ERE 4RI 221116)

CIRM BERICE R OB R O EMmAMEE  42M 221001)

W E ARRASR AR AR (PM)# AT SO, S 85 A, ML Gt 5 Ak MR T it IR B 8538 1
ZEEHIG , MR 2 REIE LA B AR . LUZZE B AL S A S AL R FLRR AN 4T B (LbL-APLA), £R %
B P A i 5 D7 A7 0K 0 1) A A LA R fh A A K, Sl L 72.3% I it . 547 m> g ! e R AL
e BB S . 76 85 Lomin ' S T, ZRSEO 4 o # LB 5 0 SRALE BRI FIAE L 6 PM 5 3t
TERRIE 96.7%, SO, W [ 751 6.2 mmol-g™!', SO/N, BEF: 1k 6480. 1L A1, LbL-APLA HA 7 e i M &
T, ATRE AR I &, BTy . RS SR B R AR R, A S Ak S
BRI AR T {5 S g H v

KR ZEIGMESE; MOFIIRE(L; RILMRNLT; PORILIE; WPt e

51 XIGEE, Wk M, IRk, 24 2, JUARAR, TEAR, Bk, RN, v aobk, 2 WA E, RJe e, aTEL, YU,
JElSR, B . 2 T T 5 5 R AT MURESR SN REAL SR FLRR A 2T K S 73 LT . & % F F 4R, doi: 10.11777/
j-issn1000-3304.2026.26140.

Citation: Liu, Q. B.; Chi, Y. P,; Sun, L.; Li, D. Z.; Fan, J. M.; Wang, S. Z.; Hou, Y. Z.; Li, X. P.; Shang, W. L.; Luo,
M. E.; Zhu, L. C.; Yu, K.; Fan, M. B.; Zhou, M.; Xu, H. Multiple-active-interface-directed metal-organic framework
functionalization of poly(lactic acid) nanofibers for gas-solid separation. Acta Polymerica Sinica (in Chinese), doi:
10.11777/j.issn1000-3304.2026.26140.

N E A SSERATHT, -HES &, BFRIANE SIHHEMEE, WEd. 2
TSR RIPHE OB BOLAERERT 2. (RFHE— AL BORFE I8 DI R -0 4%
PSR RE R M RPN R U A G SRR T A R SRl e
WKLY SRV BRI B B S5 gl R RO S R A A T A

IR E Y TR 2026-04-27 Wh, 2026-06-28 55, P45 AR

AT H . EZRESU AT HE @ HES 2024YFC3015003, 2025YFE0219700); [E XK A R Bl2E 54 (545 52573054);
VLA B ARBE S G (B4 5 BK20253032); IR iRk B AR sy TAE (R I 05 H (91 H 5 KC25090); Wb B H & T
FlAmE5E05 H (9 H 5 QN2021001); RV RHE R85 & -l mt H (5 H %5 2024011035).

" EfFECR A, E-mail: houyuzhen@cumt.edu.cn; drzhoumeng87@126.com

doi: 10.11777/j.issn1000-3304.2026.26140; CSTR: 32057.14.GFZXB.2026.7670

1



2 oA

Fok

FE AR . NS EZE . WAL i 5 53
shMRe e A, M LASEI 215 e i [R] 2
M5 KRBT, Mk, kR EER. KHE
71~ BRIENMES 2 DIRe S T Y o B AL RE, S
WG A5 R — s e, ©RBCAHERIER
Bia B S P M Rk s v Baet. e
IR a7 ] 189,

[ EEEY R AR T = e X f A A o P = €]
I3 SR ST 25 HA TR 4 A S A A R U ) L &
Fuo, S R AR S MR A, o T
FEGER R e 10 B ARAA R0, S8 gl 45 1
VT SIETEAL RORSTER IR, T SEILRST R4
FEL A FH 5 14 38 1 O A 1 FR] BRA 012130, - 7 s AR
BRI 98 5 5 ) AR 4 8 7 T e Tt R0 gt 1),
SR, TGN £F A RS 1T I R4 2R 5 BH T e DL
fir. DhEEH—. FRMEEHENL. ERNRE
7 S ), A ) AR g s R
WU R, R A RS E 5 2 D) RE AR AN
2R HESh m PR AR 1 S R RE BT R R e A
HEIERE SR AN,

KBS DI Retb 2 FE A 2R & T RE
R LR FH A 5 ) R B AR R0, 1E & 8 A HLHEZE
(MOF) Uy se b F v it b, )8 710 s AN
e ME SR (1) A% A AT AR FLIE Fa e 1, B
SZMA H B SARrF B S IR A e 775 R R A
FEAER1-24, FH4 T #1428 MOF, X4 @ MOF n] i@
o e T AU ) B AR S S AL B R 4
SEPLFLEE R . Lewis BR AV i RN F THI FELAHT 23 A1 1)
W EAAL, AT RS- 525 G ) v Ak
PRALEE 0 450 B i RS2 L HEY T S0, %
SERARPERR I A, FLR B AR A AR A FL AR DL I
MR, SRR A Skt Rt
Ynm B & Jm T A L S5 DL R KR TE I b
R M P [ o 28300, K] ks, 3 R4 S A6 55
V4% MOF W) FLIE A AL T HL 7 454, 292
VAN RN S E s ERTHEINT AR

AHEFTIR H—FZ R B A2 (LbL) 5, #
FH PDA BIAR R My 5 ik 5 SR IR 4F 4E R 1 %
PR 2%, G PDA H AT 2K 1/ 5 A1 1R
NERRAIARAR, P S Zn2/Co* &R T,
51 S 4 )R A HUHELE(BMOF)7E 21 4 2 11 R A7
HMIE, B, BAWFILY. BE.
Mgk R aEZ, PP R IR B

(LbL-APLA). fEBLH = Ik (85 L'min ) 25 1F T,
TZIEARFE RS HERE . I B 5 70 G AL PR A )
Z FEHLH, K PMy 5 BT IR R IL 96.7%, X SO,
HIW Bt 2% 88 6.2 mmol-g !, HAER S E
P H LR Y SOL/N, 73 B I $5 1E (F8 U4 6480). Uik
Gb, BEAMELR ST R A S E SRS
Ae/, PISEELE LR fE R I . AH il I 2 2%
SER VTS S LR, RRIh S T m gk i B
fif v I ARIEE S & BRI RAE R, N
Fr—REm b S R R A TR S
LA

1 SLIGERS

1.1 EEER

RILR(PLA, Luminy LX175)0 [ Z& i ik
IRFZE R AT ZKE LR EF(Zn(CH;CO0),:
2H,0, 299.9%). VU/KA £ % (Co(CH;COO0),
4H,0, =99.9%). 2-F LK M (2-MIM, 98.0%)-
IR Z (DA, 98.0%)F1 = (5 H )& 5 H ke
P& 22 PR Tris-HCD I [ A6 50 H RBRHEE R 2
"l CBEE(EtOH, 99%). & HEE(DCM, 99.5%)
AN, N-— F 3L FH R (DM, 99.5%) 341 [ K it
BFUTAHRAR: EBET/K Sz A, 2550
AR al, ot — P iRaiRI A
1.2 BIBREBYLTHEBENFE

¥ PLA ¥ TRFILE A 3/7 I DMF/DCM VB &
A, ECHHREE N 10 wt% f 25 K i FEL 95 42 3
W AR R B +20 kV, EER-15kV). HE
BEEE 1.5 mL-h'y BUEEE 15 om 4 PF R T
Fre gz WEE SR L 500 rmin ! BERE, VRS RS L
20 mm-s~' ¥ 100 mm 5 AR PR IZE), PASZEL
LRYEIII 51 AT AN I RRAE IR AR IR A B ot
17 . I8 PLAGNATIE(P-PLA)Z 60 °CE 45 T4 12 h.
1.3 ZREHEERUMTELDL-APLA)K F &

{EP-PLAYNETfRIERE |, i K2 B (PDA)
AL B R A RS IR T AT Dy Re s 1
P-PLA % N H Tris-HCI 2% ' 3 (10 mmol-L ",
pH=8.5) ALl 1.0 gL' 2 EL & ¥ [ M. 12 h,
AT B A OB S 1 () PDA 12 1fi PLA 99 £F i
(PDA-PLA). g5 5, WIREH ZE /K
B0 A A 3R AT 3 R 7R e, B S 7E 60 °Co%
ENEREE SR

B 5 PDA-PLA JEIR N & 55 BE IR L — K& &



XI5 =5

: ZEIEVEA T B A HINEZL DI R I FLIR N LT L2 U 70 7 2 ) 3

FREE 50K A ZFREG10.1 mol- L 4 )& #hid i,
FIH PDA 28 2K — 19 B R 141 5L I 4 8 25 - 1) T3l
Fe Az 5 2 510 Bt K A B IRE L A2 42 0.15 mol - L
(1) 2- Bk b, 5 &8 8 T R AR
e, FRAERER Zn/Co—NELA4E, I BMOF ]
IRPLERI TG, {EPDABAR IS 'S R, BMOF &
AR YR AU, i RS AL R B

. cH ’ >_N/ ~ __<
E Zn2*, Co%* /N\)
N N ————————» °\
U N -
i e NNz N—=Co””
:L cn,

In situ

sself-polymerization /88

Pristine PLA nanofibrous membranes
(P-PLA)

PDA activates PLA nanofibrous membranes
(PDA-PLA)

WRMAMEAK, B 2T OSBRI AK dh e
HZ . R OB, JFT 60 °)CTE, 315
FLAT 43 958 W 4549 (1) LbL-APLA N T 5 . BUR 2
HM%%%RMA%%%,WQ%L&%WE
&I, & LRMRGITE, RS8R RS
] PLA 49 4F 55 (M-PLA). ¥l 1 7= i LbL-APLA 1]
il AR .

Layer-by-layer armored PLA nanofibrous
membrane (LbL-APLA)

Fig. 1 Schematic diagram of the preparation process for LbL-APLA nanofibrous membrane.
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Fig. 2 Schematic of dust purification testing system.
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Fig. 4 SEM images of (a) P-PLA, (b) PDA-PLA, (c) LbL-APLA, and (d) M-PLA.
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Fig. 5 (a) EDS energy spectra of LbL-APLA and fiber diameter distributions for (b) P-PLA, (c) PDA-PLA, (d) LbL-APLA,

and (e) M-PLA.
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Fig. 7 (a) Strain-stress curves, (b) N, adsorption-desorption isotherm, (c) pore size distribution, (d) simulation of pore
architecture, (¢) time-dependent WCA images, (f) dynamic evolution of WCA, (g) air permeability, and (h) water vapor

transmission performance of P-PLA, PDA-PLA, and LbL-APLA.
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Fig. 8 (a) Surface potential, (b) dielectric constant, (¢) ESP distributions, (d) open-circuit voltage, (e) short-circuit current,
(f) transfer charge, (g) inspiration and expiration, and (h) respiratory signal monitoring of LbL-APLA.
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Multiple-active-interface-directed Metal-organic framework
Functionalization of Poly(lactic acid) Nanofibers for Gas-Solid Separation
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Abstract Achieving the simultaneous removal of gas-solid pollutants composed of respirable particulate matter
(PM) and toxic gases under harsh high-flow operating conditions remains a key technical bottleneck in personal
protection and environmental remediation. In confined occupational environments, PM frequently coexists with
sulfur dioxide (SO,). However, many reported materials suffer from insufficient structural stability, poor
interfacial compatibility, and limited selectivity under high-throughput and high-humidity conditions, thereby
necessitating the development of multifunctionally integrated separation materials. Herein, a layer-by-layer self-
assembly strategy was employed to construct a biomimetic armor-functionalized poly(lactic acid) nanofibrous
membrane (LbL-APLA). Specifically, the membrane featured a polydopamine interlayer and i sifu coordination-grown
bimetallic metal-organic framework (BMOF) nanocrystals successively assembled onto the fiber surfaces. This
hierarchical architecture imparted the composite membrane with an exceptionally high nanocrystal loading
(72.3%), a large specific surface area (547 m?>-g 1), and a high density of coordinatively unsaturated metal sites.
To evaluate its performance under realistic conditions, tests were conducted under simulated high-velocity airflow
(85 L'min"!). Exploiting the synergistic mechanisms of size exclusion, electrostatic attraction, and graded
pore confinement, the membrane attained an ultrafine PM, ; removal efficiency of 96.7%, a high SO, uptake of
6.2 mmol-g !, and an outstanding SO,/N, IAST selectivity of 6480 in a mixed gas stream. In addition, the high
surface electroactivity and signal transduction capability of the multifunctional membrane provided a versatile
material platform for self-powered health-monitoring systems, thereby addressing the long-standing trade-off
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among high dust tolerance, high gas permeability, and selective molecular recognition under complex operating
conditions. This study offers a new structural design paradigm and reliable technical support for the development

of next-generation integrated air-purification systems and intelligent environmental materials.
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