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Fabrication of Porous Microstructures on Si for Hydrophobic Containment Vessel Surface

ZHAO Wei, FAN Huan-ran. YANG Lin, DU Wang-fang
(State Nuclear Power Technology Research &. Development Center, Beijing 102209)

Abstract: To construct hydrophobic containment vessel (CV) surface to enhance heat transfer capability under accident
conditions, porous microstructures with various diameters and heights on silicon wafers were systematically prepared,
and the hydrophobic mechanism of the microstructures were investigated. Results show that the wetting characteristics of
all the samples belong to the Cassie — Baxter model. The hydrophobic properties can be effectively improved by micro-
structure modulation, and the contact angles are dramatically enhanced from 69. 5° to 140° without chemical modifica-
tions. The results provide solutions for design of coating materials in CV, as well as the methods for enhancing the heat
transfer performance of passive containment cooling system in a nuclear power plant.

Keywords: hydrophobicity; coating; microstructure; containment vessel; nuclear power plant
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Fig. 1  Schemetic diagram of the porous micro — array

structure
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Fig. 2 Surface morphologies of the porous micro—array surfaces with height of 5 pm
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(a) A, b=250 pm, 6 =72°  (b) B, b=150 pm, 6, =73.5° (¢) C. 5=100 pm, 6, =77° (d) D, =70 pm, 6, =78.5°
(e) E. b=50 pm, 6, =80° () F. b=40 pm., 6, =89.5° (2) G. b=30 pum, 6, =98° (h) H, 5=20 pm, 6, =110.5°
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Fig. 3 Morphologies of drops on the porous surfaces (6,/,; correspond to height of 5 pm)
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Table 1 Geometric parameters and CAs of porous surfaces

Sample b/pm  Ous /) Ois /) Ouso /()
A 250 72.0 66.5 72.0
B 150 73.5 73.0 72.5
C 100 77.0 80.5 82.0
D 70 78.5 85.5 86.0
E 50 80.0 92.5 94.0
F 40 89.5 98.0 97.5
G 30 98.0 103.0 99.5
H 20 110.5 109.0 107.0

Notes: 0,45 » 0,115 and 0,50 correspond to height of 5, 15

and 50 pm, respectively
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Table 2 Characteristics of the prepared porous surfaces: ge-

ometric parameters, roughness factor » and apparent CAs 0.,

Sample b/ . B Ouns /| Oupmis / Ounso /

pm GO O
A 250 1.01 1.03 1.09 69.3 69 68
B 150 1.02 1.06 1.20 69.1 68 65
C 100 1.04 1.11 1.35 68.8 67 62
D 70 1.06 1.16 1.55 68.3 66 57
E 50 1.08 1.24 1.79 67.8 64 51
F 40 1.10 1.29 1.97 67.4 63 46
G 30 1.12 1.37 2.23 66.8 61 39

H 20 1.16 1.48 2.60 66.0 59 24
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Table 3 Characteristics of the prepared porous surfaces:

geometric parameters, {raction f, . and apparent CAs 0,

Sample b/ pm fi 0. /()
A 250 0.98 71.3
B 150 0.95 73.5
C 100 0.91 76.6
D 70 0. 86 80. 4
E 50 0. 80 85.1
F 40 0.76 88.7
G 30 0.69 93.7
H 20 0. 60 101.0
150
| B Observed value 6 (A=5 pm)
& g < Observed value 6_(7=15 um)
i @ Observed value § (#=50 um)
s 1101
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g L
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Fig. 4 Wetting characteristics of samples: plots of £, as

a function of g, , and morphologies of drops on surface

with £, =0.25
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