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Effects of Environmental Factors on Stability of Two Metal Oxide Nanoparticles in Aqueous Medium
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Abstract: The ecological and environmental effects of nanoparticles in the aqueous medium are dependent on their stability. However, the
stability is greatly influenced by environmental factors. This work examined the effects of humic acid (HA ) concentration, ionic strength (1S)
and pH on the stability of Nano—CeO, and Nano-TiO, in aqueous suspension. The presence of HA significantly promoted the stability of
nanoparticles(NPs ) in the suspension(0~5 mg+L™), due to increased steric effect and electrostatic repulsion between NPs by HA coated on
the NPs. Although increasing IS(1~50 mmol - L' NaCl) could decrease NP stability in the suspension, HA(5 mg- L") could weaken this ef—
fect by introducing greater steric repulsion. Similarly, the presence of 5 mg+ L' HA decreased the effects of pH increasing from 6.01 to 10.02
on NP stability. In addition, all the experimental data matched well with the predictions based on extended Derjaguin—Landau-Verwey—
Overbeek (XDLVO) theory. Our findings could gain insights into the behavior of Nano—CeO, and Nano-TiO, in aqueous medium, and pro—
vide theoretical basis for environmental risk assessment of Nano—CeO, and Nano-TiO,.
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Figure 1 TEM images of Nano—CeO, and Nano-TiO, particles
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Table 1 Summary of experimental conditions and XDLVO parameters and results

. Zeta HLA7/mV Ki4E/mm
pH IS/mmol L HA ¥ & /mg-L" - Y /KT Yrind /KT
Nano-CeO, Nano-TiO, Nano-CeO, Nano-TiO,
7.16 1 0 -10.82 -40.21 254.2 84.3 -0.000 64 -0.001 14
7.16 1 3 -39.66 -42.35 122.7 84.1 -0.000 07 -0.000 04
7.16 1 5 -42.38 -46.88 116.7 83.7 -0.000 06 -0.000 04
7.16 20 0 -7.64 -29.98 296.5 102.4 -0.045 98 -0.067 94
7.16 20 3 -31.82 -41.72 1333 92.4 -0.002 71 -0.001 69
7.16 20 5 -33.51 -43.54 128.6 91.0 -0.002 56 -0.001 63
7.16 50 5 -24.39 -39.81 158.6 100.7 -0.011 22 -0.005 66
6.01 20 5 -26.83 -40.33 137.4 95.7 -0.003 00 -0.000 05
8.72 20 5 -43.88 -48.11 120.1 82.8 -0.002 15 -0.000 04
10.02 20 5 -45.61 -49.46 118.8 80.6 -0.002 10 -0.000 04
6.01 20 0 -4.12 -23.75 311.5 106.7 — -0.087 91
8.72 20 0 -13.51 -35.93 2717.3 97.8 -0.027 13 -0.062 15
10.02 20 0 -17.83 -39.87 261.9 94.8 -0.021 57 -0.051 98

1 :a 7 XDLVO BT T8 /N AAE(E (Nano-Ce0,) ; b i XDLVO g5 A58 — M /NABE(E (Nano-Ti0,)
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Figure 2 XDLVO interaction energy profiles for NP-NP of Nano—CeO, under different HA concentration, IS and pH
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Figure 3 XDLVO interaction energy profiles for NP-NP of Nano-TiO, under different HA concentration, IS and pH
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Figure 4 Impact of HA on absorbance of Nano—CeO, and Nano-TiO, suspensions over time
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Figure 6 Impact of pH on absorbance of Nano—CeO, and Nano-TiO, suspensions over time
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