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Irradiation grafting preparation and properties of

metal-organic framework/polypropylene fiber antibacterial air filtration material

ZHU Yanlong"”? WANG Wei'? HUANG Wensheng® LI Kai’
SHI Haiting> LIU Shengkai® XU Zhiwei'*’
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Ministry of Education, Tianjin 300387, China)
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*(Dongying Junfu Purification Co., Ltd., Dongying 257029, China)

ABSTRACT In order to address the limitations of traditional polypropylene melt-blown air filtration materials,
such as limited functionality and poor filtration stability, this study uses electron beam irradiation to graft metal-
organic frameworks (ZIF-8) onto polypropylene (PP) non-woven fabric, efficiently producing antibacterial air
filtration materials. The material was characterized using scanning electron microscopy, infrared spectroscopy, X-ray
diffraction, thermogravimetric analysis, and contact angle measurements, confirming that ZIF-8 was firmly bonded
to polypropylene fibers through electron beam irradiation grafting. Filtration tests show that the antibacterial air
filter material exhibits efficient and stable performance. Compared to the original PP air filter material, the quality
factor and filtration efficiency for PM, ; increased by 13.02% and 12.08%, respectively. After 30 consecutive cycles
and 5 washes, the antibacterial air filter material retains 97.6% and 89.6% of its original filtration efficiency,
respectively. Antibacterial tests show inhibition rates of 83.31% and 85.41% against Escherichia coli and
Staphylococcus aureus, respectively. The electron beam irradiation grafting process offers a new approach for the
environmentally friendly mass production of polypropylene antibacterial air filtration materials.

KEYWORDS Electron beam irradiation, Radiation grafting, Air filtration, Metal-organic framework, Antibacterial
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Table 1 Preparation conditions of antibacterial air
filtration materials

PEdhgi's  HEAJRE /g ZIF-8Hif /g W& / kGy
Sample No. HEA mass ZIF-8 mass Absorbed dose
1 0.5 0.1 10

2 0.5 0.1 20

3 0.5 0.1 30

4 0.5 0.1 40

5 0.5 0.1 50

6 0.5 0.1 30

7 1.0 0.1 30

8 1.5 0.1 30

9 2.0 0.1 30

10 2.5 0.1 30

11 2.5 0.2 30

12 2.5 0.3 30

13 2.5 0.4 30

14 2.5 0.5 30

HUS mL [ic & 4 10 8 o oy o 4R 2E AT IE )
PRI A 505, B FLHLE 129 4.8 MPa, #idN
1.8 m/min, K7 A B VR ) PP A& W 2 A ik A4 )
BHERNFMA, BFL—KGE T HSHEHLES
T ETES, HRFEN150%. HEHILET
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Fig.1 Schematic diagram of electron beam irradiation grafting ZIF-8 for preparing air filtration materials
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Fig.2 Surface SEM images of antibacterial air filtration materials with different grafting ratios

W3 Fro, ZIF-8 K IH IIHRFAEIE 53 51 47 T #
¥ 20=7.40°. 10.45°. 12.70°. 14.75°. 16.48°.
18.10°, 19.55°, 22.15°. 26.65°. 29.64°. 30.60°F!
32.35° 03, 3 X BT ZIF-8 B (011D« (002)
(112) . (022>, (013). (222). (123). (114).
(134). (044). (244)F1(235) FH"™ . EE 3T,
BT 1 23 S e M RLE 20=14.70°. 16.89°. 18.47°
FI21.80°Ff x5 4 ANHFFAEVE, 43515 PP (1) (110D
(040> C(130)FAC131) fTHIAH G . P 25 <k
PPBHE 7.35° 10 2 A BN I 55 BT ST 0g, Xg 2 T+
ZIF-8 (110D fA AR RT S04 s i T ZIF-8 78 i 1 %
M, 2 A EAAORE I R BT A BT R, XL
FEAEAT ST M AFAE, E— DRI T A0 JE A K]
F I ZIF-8 F R Sh ek, (A 158 B He 7 A4 I
A2 PP LA K ZIF-8 ) i A

MWE 40T BLE B, A ST EMER
2950 cm™s 2917 cm™. 2867 cm™. 2837 cm™ 4tk
H 4% R IRENE, HH2950em™. 2867 cm™s
2917 e F12 837 e Xif B FH AN ot & C—H B ) fif

i sh™ . P =L EM R 1 734 em™ Al
1 079 em™ &b 14 3 7 27 19 23 5 H 5T PHEA 4H
gy H B C=0 F1 C-O [ #7 ¥k 3, £ 3 000~
3400 cm™ XF M) & OH 4R 5, IXFH] T HEA B
Dhie A e s A0 s R B i 48T g2 ],
ZIF-8 MIHTE 2= O JEA R FAE 759 em™ #1420 cm™!
HH I T ZIF-8 HIFAEVE, o 759 em™ 5 2- A
K o 2R SFTi 1) C-H 25 il B A 9%, 420 em™ 4
Zn-NARGEHRS), R R 755 B kw5 P 1) 20
JR AL SEGE AT ks . (R, W] AR W ZIF-8 K
DR AE 20 A R THI o

M SAT LA Y, ZIF-8 LL S AS [l 25 < i e 4
BHO A R . R RIFEF, 350 °)CZHiT 2
ZIF-8 & i 72 rp ik B 1 9 770 DA K TS A& 4 7 19 43
fift. TF 350 °C2 J5 5 ZIF-8 [ WLEC AR 8 43 (1 R A=
. £ 800 °CZ J&, A 76.52% IR & 5% 4,
F2 BLJ5 R 2 ZIF-8 I 4 A4 0 7 %R A
R AR S AR T &= TE 300~500 °C
Z A 2R R, X PP S AL M Bl K ZIF-8 4544

021507-5



WM A SR T2 % 2026,44:021507

WA HLEB o R AR S B0 IR T2 800 °CHY, FE
AR TRE, PP IEMEHRL T
99.58% M i &, Ifi 1 A A A I E AR R K T
97.35% i, XK FAIREE A5 ZIF-8 1)
B =, S Wi o= S AR A Hh 45
T PP AL M KL, Ui B ZIF-8 A $E T PP
A PR R AR E T

B s, ECELS Feazre
i

MW e
3
©
Py
‘@
c
L
£

ZIF-8
L L I 1 I L
5 10 15 20 25 30 35 40

201/ ()

3 ZIF-8.PP.PP@ZIF-8 %} [f) XRD [
Fig.3 XRD patterns of ZIF-8, PP, and PP@ZIF-8
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Fig.7 (a) Effect of different absorbed doses on the total grafting rate; (b) effect of different quality HEA on the total grafting rate;
(c) effect of different quality ZIF-8 on the total grafting rate
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