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Efficient Radiative Cooling Performance of MOF -functionalized
Self-cleaning Polylactic Acid Fiber Membranes with Multi-scale Pores
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Abstract By using the microwave-assisted method, the size and morphology of zirconium-based metal-organic
frameworks (Ui0-66) were precisely controlled to prepare UiQ-66 nanocrystals with high scattering efficiency.
Employing the UiO-66 nanocrystals as high-infrared-emissivity functional materials, a UiO-66-functionalized
polylactic acid (PLA) (PLA/UiO-66) multi-scale porous fiber membrane was further constructed via electrospinning-
spraying technology combined with a phase separation strategy. Benefiting from the micro-nano porous design and the

introduction of abundant infrared-active groups from UiO-66, the PLA/UiO-66 multi-scale porous fiber membrane

I F T 2025-08-31. W28 E & 9 : 2026-01-16.

PR NI oleAtg, B, i, Wbz, BRI REYOR A AR T ST . E-mail: zhangshenghui@cumt.edu.cn

FEAWH R A RBFIE A (HE S 52404266), TLI5RA H AR RE 2 36 4 (5 . BK20241645), 18+ 5 A R B3 4
(2024M753532) B VT 5348 53R 11000 H (HEHES : 2024ZB449)%5H) .

Supported by the National Natural Science Foundation of China(No.52404266), the Natural Science Foundation of Jiangsu Province, China
(No.BK20241645), the China Postdoctoral Science Foundation(No.2024M753532) and the Jiangsu Funding Program for Excellent Postdoctoral
Talent, China(No.20247B449).

Chem. J. Chinese Universities, 2026, 47(3), 20250239 20250239(127/134)



Jd EF 2K g %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

exhibited excellent solar reflectivity and infrared emissivity. Particularly when the UiO-66 addition amount was 12%

(mass fraction) , the optical performance of the resulting PLA/Ui0O-66-12 multi-scale porous fiber membrane was
even more outstanding, achieving an average solar reflectivity of 93.9% and an average infrared emissivity of 91.2%,
far exceeding those of the pure PLA fiber membrane. In outdoor tests, the cooling effect of the PLA/Ui0-66-12 multi-
scale porous fiber membrane was significantly superior to that of the pure PLA fiber membrane. The average
temperature of PLA/Ui0-66-12 multi-scale porous fiber membrane remained at 47.6 °C, whereas that of the pure PLA
fiber membrane was above 50 ‘C. While demonstrating excellent cooling performance, the incorporation of Ui0-66
effectively reduced the surface energy, endowing the PLA/UiO-66 multi-scale porous fiber membrane with a high
water contact angle (128.8° ). This ensures the membrane possesses outstanding hydrophobicity and self-cleaning
capability, thereby providing a new strategy for developing efficient and sustainable thermal management textiles.

Keywords Poly (lactic acid) ; Radiative cooling; Porous fiber membrane; Metal-organic framework material ;

Self-cleaning property
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Scheme 1 Preparation process of UiO-66 nanocrystals using microwave-assisted method(A) and the fabrication
of PLA/UiO-66 multi-scale porous fiber membranes(B)
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Chem. J. Chinese Universities, 2026, 47(3), 20250239 20250239(129/134)



Jd EF 2K g %R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

123 PLA/UIO-66 % J 5L 4 4 Ji v 25 2 it | % % 1. 20 g PLA 5% T 10 mL DCM/DMF ({AFH L
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(0.048, 0.096 F10. 144 ) iINA 10 mL Z " FEAWF, #7530 min, 153 BB .
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Ui0-66-12.
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Scheme 2 Photos of the self-built experimental testing equipment for outdoor tests(A) and the schematic

diagram of the testing experimental setup(B)
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HLFTE LGS IR S T A4k, P 5 3R RN R . [RIEF, SEM gk g oc & 434 [ 1(E) ~
(G) JHESE T UiO-66 40K fh E 4 C, O FNZr S5 3 MR ALAL, F—20UEM] T UiO-66 44K Sl il o il 5
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Fig.1 SEM images(A, B), diameter distribution(C), scattering efficiency(D) and element mappings(E—G)
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of UiO-66 nanocrystals
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K BEE Ui0-66 TN, £F4ETESR & AR 720 Ak, 27 4 3 1 AR A M URE | [R) ish 27 2 36 1 2 i 15 50 () 40 K
fL. {HFEE UiO-66 AR K, Ui0-66 A RM R B R [K2(B,—D,), (B,—D,) ]. BIERLEM
JarB R K, FEURTK ICHU RO D855 , X AT eSS 3G M AL M, U R T RE .

Fig.2 SEM images of Pure PLA(A,, A,), PLA/UiO-66-4(B,, B,), PLA/UiO-66-8(C,, C,) and
PLA/Ui0-66-12(D,, D,) multi-scale porous fiber membranes
2.3 PLA/UIO-66 £ RFLETHE R FTIR 1 XRD 2347
i3 FTIR F1 XRD % PLA G K EF 2R O SS A HEA T T HR5E . 181 3(A—C) 7R i Pure PLA 94K £T 4
JESFN PLA/UIO-66 22 2% FL£T 4k JEAE 4785 il (4000~650 em™) P Y FTIR Yei M 4500 B GEFA AR Ak I . mT LA
F i, A& UiO-66 40K fx AR AEE I ReAL A 7, £F AERSAE rh 2140 Be WS B 58 . >4 Ui0-66
AN (5 PLA OB H ) N 12% 15F, 78 1200, 1150, 1050 #1900 em™ &b H BB ./ O—H, C—H, C=0
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Fig. 3 FTIR spectra(A—C) and XRD patterns(D) of Pure PLA(a), PLA/UiO-66-4(b), PLA/UiO-66-8(c) and
PLA/UiO-66-12(d) multi-scale porous fiber membranes
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XS PLA ZF4E R BHOE RO R AOERTHE I, PR S BEA T T RS, i (&1 4(A) T L, PLA/UIO-66 2
S ALET HEREF I O 5 (9 A BHO SR R, b PLA/UIO-66-12 (197 1 K BHOY S 2% 4y 93. 9%, JEit
i) Pure PLA ZFAERRE . 181 4(B) s il T EF4EREAY 20 A0 K B R S5 2R . 55 Pure PLA £F4EREAR LG, PLA/
Ui0-66 2 Z AL LT 4 IR I B iR Y 2150 R 54, Horp PLA/UI0-66-12 HYF- 2L AP R I 4 91. 2%, 31X
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Fig. 4 Reflection(A) and emission(B) spectra of Pure PLA(a), PLA/UiO-66-4(b), PLA/UiO-66-8(c) and
PLA/UiO-66-12(d) multi-scale porous fiber membranes
The gray-shaded area in (A) represents the normalized AM 1. 5 global solar spectrum, while the gray-shaded area in(B)

indicates the atmospheric longwave infrared transmittance.
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LR AR IR B Ih SO AR T e AR, SPIIREE A 47. 6 °C, TS A a0 - 24T BE AR R 5 50 CRA
b, 3k F R T PLA B 2 fLE5H R Ui0-66 R DN REAL TS . WREE 221145 K W], PLA/UIO-66-12 2
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Fig. 5 Solar irradiation(A), wind speed and relative humidity(B), real-time temperature variation curves from
outdoor experiments using bare skin, cotton fabric, and Pure PLA and PLA/UiO-66-12 multi-scale po-

rous fibrer membranes(C) and temperature difference curves of three porous fiber membranes(D)
2.4.3 PLA/UIO-66 % R ALAT 4 EB B ACME 8 SER Pl T PLA/UIO-66 2 24 AL 2T 4E RS 14 /K 4% A ffy .
HE 6(A)FI(B) AT L, PLA/UIO-66-12 Z2 40 ALEFAE IR /K3 i 1 (128. 8 °) 1L T Pure PLA £F 4 (K 2
filiff 2 108.7 ), 33X FEER T Ui0-66 T REAR A i 18 P AR 21 24 M58 35 i BE 4[] Py 38 17 2T 48 [ 1 R i
&, OHEA RAFRIBUKTERE . O T2 —PARTEHAITSIERE , HE— I T PLA/UIO-66 2 2 AL 2T 4E I
XA 1 R DLIRR (OE | R 5k L AR FO Ry A . [ 6(C) IR, PLA/UIO-66-12 2 24 ALET 4EJ

) B 108.7° ©

- P
[ |

®B) 128.8° e =

T

Fig. 6 Water contact angle of Pure PLA(A) and PLA/UiO-66-12(B) multi-scale porous fiber membranes and the
contact photos of PLA/UiO-66-12 multi-scale porous fibrer for H,O(a), coffee(b), tea(c), coke(d) and milk(e)
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AR PRI IR IR R 6. 9 °C, BRUEAE RIS T AMRIRIFEFIE . 1AL, Ui0-66 951 AT
MRLRTHRE , A AR e g K P SHiTs Jebkfe . ASCh IR R0, WL AVE LY 4L 1
HET —FlBr A .

2 % x #t

[ 1] SunB.L., HouC.A., Zhao X. N., Wang C. J., Wang D. H., Chem. Res. Chinese Universities, 2025, 41(4), 771—780

[2] NingY., Zhao B., Min W. P., Li C. L., Liu P. X., Jia Y., Li X. Y., Zhang Y., Chem. Res. Chinese Universities, 2025, 41(3), 601—610

[3] SunH., HouC.Y., JiT., Zhou X. Y., Ren Z. H., Song Y. M., Compos. Part B: Eng., 2023, 250, 110426

[4] LinC.L, LK Q., Li M., Benjamin D., Zheng J. Z., Wang J. Z., DuS.S., Li Y., Huang B. L., Adv. Mater., 2024, 37(23), 2409738

[5] Ding C. F., Lin Y. Y., Chng N. B., Meng N., Wang X. F., Yin X., Yu J. Y., Ding B., Adv. Funct. Mater., 2024, 34(34), 2400987

[6] FanC.H., Zhang Y. X., Long Z. W., Mensah A., Wang Q. Q., Lv P. F., Wei Q. F., Adv Funct Mater., 2023, 33(29), 2300794

[7] ChengN.B., WangZ. H., Lin Y. Y., Li X. Q., Zhang Y. F., Ding C. F., Wang C., Tan J., Sun X. F., Wang X. F., Yu J. Y., Ding B.,
Adv. Mater., 2024, 36(33) , 2403223

[ 8] RamanA.P., Zhu L. X., Fan S. H., Nature, 2014, 515(7528), 540—544

[9] Song J. N., Zhang W. L., SunZ. N., Pan M. Y., Tian F., Li X. H., Ye M., Deng X., Nat. Commun., 2022, 13(1), 4805

[10] Tajwar M. A., Ali N., Zhang X. R., Jabeen R., Liu Y. T., Shangguan D. H., Qi L., Chem. Res. Chinese Universities, 2024, 40(6) ,
1290—1297

[11] LiuJ. W., Zhou Y. F., Zhou Z. H., Du Y. H., Wang C., Yang X. Q., Lin Z. J., Guo Z. L., Zhao J., Ye L., Zhang H. R., Yan J. Y.,
Adv. Energy Mater., 2024, 14(2), 2302662

[12] ZhangL.Y., LiuJ. K., Liu X. L., Zhu X. B., Dai J. Y., Liu X. Q., Yi X. S., Chem. Eng. J., 2024, 499, 156318

[13] PoC.H., Alex Y.S., Peter B. C., Liu C., Xie J., Fan S. H., Cui Y., Science, 2016, 353(6303), 1019—1023

[14] HuM.M., Yang Y. W., Li K., Zhang Y. L., Dong H. Z., Wang Y., Zhang X. Q., Wang R., Wu J., Chem. Eng. J., 2024, 502, 157995

[15] Zhou X., Chen W. X., Zhao Z. X., PengS. Q., Wu L. X., Weng Z. X., Adv. Funct. Mater., 2025, 6(36), 10443

[16] Song Y.N., Li Y., Yan D. X., LeiJ., Li Z. M., Compos. Part A: Appl S., 2020, 130, 105738

[17] Miao D. Y., Cheng N. B., Wang X. F., YuJ. Y., Ding B., Nano Lett., 2022, 22(2), 680—687

[18] XueS.D., Huang G.H., Chen Q., Wang X. G., Fan J. T., Shou D. H., Nano-Micro Lett., 2024, 16, 153

[19] HouB.Y., Wang Y. N., Gong T. Y., Wang R., Huang L. P., Li B. J., LiJ. C., Chem. Eng. J., 2024, 485, 149932

[20] Wang C. M., Jiang L., Li J. Q., Li X. Y., Zhang Y. F., Yuan H., Zhang M. M., Zhu J. T., Xu H., Lei L., Hou C., Guo Z, He X. J.,
Chem. J. Chinese Universities, 2024, 45(10), 20240210 (EAF R, {158, 2L, AR, JK—WL, 32, SRUINT, JRéefe, #Row,
Tdh, Genh, WL, AR AR, 2024, 45(10), 20240210)

[21] SongX.Y., Tang M. K., Wang C. M., Zhu J. T, Huang S., Xu H., He X. J., Chem. J. Chinese Universities, 2024, 45(2), 20230352(K
R, FEEAT, EAFRG, ARAAE, WM, IR, MR . M Al 2R, 2024, 45(2), 20230352)

[22] Wang Y.B., Cheng F. L., LiuJ., Cai W. Q., JiJ. W., Cai C. Y., Fu Y., Int. J. Biol. Macromol., 2024, 485, 149932
[23] Yang P., JiuY.S., He J.J., Xia Z. C., Chen L., Tang. S. C., Adv. Fiber Mater., 2024. 6, 1765—1776
[24] LiuX.H., Zhang M. T., Hou Y. Z., Pan Y. M., Liu C. T., Shen C. Y., Adv. Funct. Mater., 2022, 32(46), 2207414

[25] LiX.L., Sheng X. X., Fang Y., Hu X. P., GongS., Sheng M. J., Liu X., Qu J. P., Adv. Funct. Mater., 2023, 33(18), 2212776

[26] Helia H., Fatemeh H. S., Hossein E. M., Bahram R., Adv. Colloid Interface Sci., 2025, 344, 103592

[27] Wang K., Niu L. Y., Tao L., Zhang Y. X., Zhou X. F., Solar Energy, 2021, 230, 935—942

[28] Cai C. Y., Chen W B., Wei Z. C., Ding C. X., Sun B. J., Christoph G., Fu Y., Zhang K., Lin Y., Li X., Zhang Y., Nano Energy,
2023, 114, 108625

(Ed.: W, K, M)

Chem. J. Chinese Universities, 2026, 47(3), 20250239 20250239(134/134)



