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Enhancing the fixation performance of cerium oxide (simulated uranium) aerosol

by acrylic acid graft modified polyvinyl alcohol

GAOYali'> CAO Jianhang” XIAO Mengqing'? HE Zhiyu” LI Yintao'"
'(School of Materials and Chemistry, Southwest University of Science and Technology, Mianyang 621010, China)

“(State Key Laboratory of Environmentally Friendly Energy Materials, Southwest University of Science and Technology,
Mianyang 621010, China)

ABSTRACT Addressing the issue of uranium radioactive aerosol sedimentation during a nuclear emergency is
critically important. In this study, polyvinyl alcohol (PVA) was used as the base material, and acrylic acid (AA)
monomers were introduced through chemical grafting modification. Graft copolymers (PVA-g-PAA) were
synthesized via solution polymerization with PVA to AA mass ratios of 1 2 0,1 :0.25,1:0.5,1:0.75, and 1 © 1.
The structure of the grafted polymers was characterized using Fourier transform infrared spectroscopy, proton
nuclear magnetic resonance, X-ray photoelectron spectroscopy, and X-ray diffraction, confirming the successful
grafting of AA onto the PVA chains. Scanning electron microscopy (SEM) revealed changes in the microscopic
morphology. The grafted polymers were evaluated for thermal properties, grafting efficiency, contact angle, surface
tension, and viscosity. Sedimentation fixation experiments were then performed to assess the aerosol capture and
fixation performance of the polymers on cerium oxide aerosols, which serve as a uranium aerosol simulant. SEM
images of freeze-dried samples showed that the grafted polymer formed a denser and more porous network structure.
The grafted polymer also exhibited enhanced thermal stability. At a PVA/AA ratio of 1 : 0.75, the grafting rate
reached 18.3%. After grafting AA, the polymer solution's surface tension decreased by 2.84 mN/m, the contact angle
dropped by 28.73°, and viscosity increased by 20.7 mPa-s. Additionally, after film formation, the elongation at break
improved by 224.91%. Sedimentation fixation tests demonstrated that the PVA-g-PAA graft polymer effectively
captured and fixed cerium oxide aerosols, achieving a sedimentation fixation rate of 84.68% within 35 min. The
study also clarifies the mechanism behind aerosol fixation, offering technical support for the sedimentation fixation
of uranium radioactive aerosols.

KEYWORDS Grafted polymers, Cerium oxide aerosol, Grafting rate, Sedimentation fixation
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Fig.9 Stress-strain curves of PVA-g-PAA with different PVA/
AA mass ratios (color online)
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Table 1 Aerosol particle mass concentration and sedimentation fixation rate when spraying different aerosol fixatives

%5 No. YRR EIRE C,, / (mgm™) REFEREC,,/ (mgm™)  JIFEREEZE /%
Initial mass concentration Final mass concentration Fixation rate
H #RP1F% Natural settlement ~ 71.130 6 26.1318 63.26
PVA 70.805 3 13.229 4 81.24
P, 70.517 1 5.061 05 92.82
P, 70.805 3 4.800 12 93.22
P, 71.1870 3.903 43 94.52
P 71.1715 5.459 12 92.33

IS

K2 BIHRAS [R A ] RE FR SH IRRUR, 20 R J5E B U e [ R

Table 2 Aerosol particle number concentration and sedimentation fixation rate when spraying different aerosol fixatives

45 No. WIEEHIRE C / (ptem™)  WAHHIKRE C,, / (ptem™)  VIFEREIER /%
Initial number concentration Final number concentration Fixation rate

H SR VT Natural settlement 4 690.71 3 659.36 21.99
PVA 4793.34 2 590.60 45.95
P, 4 855.03 1542.22 68.23
P, 4 906.59 1327.74 72.94
P, 4 867.21 1129.12 76.80
P, 4 892.06 1 585.08 67.60
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e e
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E 11

Aerosol particle

AR E LR

Fig.11 Schematic diagram of aerosol fixation mechanism
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