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Design and processing of wear-resistant and ice-resistant PTFE surface

HE Zhihao' , ZHANG Bingzhen', PAN Weihao', SUN Jing"*, SONG Jinlong™"*
(1. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China; 2. State Key Laboratory of

High-performance Precision Manufacturing, Dalian University of Technology, Dalian 116024, China)

Abstract: The icing on the surface of the silo of the ice jet cleaning equipment often causes the equipment to shut-
down for maintenance, but how to reduce the icing adhesion on the silo surface is a difficulty of current research. In
this work, CO, laser was used to etch polytetrafluoroethylene (PTFE) to obtain a superhydrophobic surface, and a
rhombus support rib array structure was designed to improve the wear resistance of the superhydrophobic PTFE
surface. CO, laser etching could form a multi-layer staggered stacked fiber structure on the PTFE surface, and there
was no obvious change in the chemical composition of the surface after laser etching. The superhydrophobic PTFE
surface with contact angle of 164° and rolling angle of 4° can be obtained at laser scanning line spacing of 50 um,
scanning speed of 300 mm/s, and laser power of 9 W. The designed rhombus support rib array structure with crest
angle of 30°, length of side of 3 mm and rib width of 0.05 mm can effectively improve the wear resistance of super-
hydrophobic PTFE surface. Even after being rubbed by sandpaper for 6 m, the superhydrophobic PTFE surface with
rhombus support rib array structure can still maintain excellent superhydrophobicity, and the icing adhesion of it is
only 50% of that of ordinary PTFE surface. The wear-resistant and ice-resistant PTFE surface is expected to be used
in ice jet cleaning equipment.
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Table1 Different laser processing parameters

No. Laser power/W Scanning speed/(mm-s™) Scanning line spacing/pm

1 5.4,6.0,6.6,7.2,7.8,8.4,9.0,9.6 200, 300, 400 50

2 6.0,7.8,9.0 300 40, 50, 60, 70, 80, 90, 100, 110
3 9.0 200, 300, 400 40, 50, 60, 70, 80, 90, 100, 110

1.2 Wi 5 RIE

18 Bl 't 2% $2 fil /1 1 £ 4 (Solon, SL200KS, 1
FE] ) ) A o 2 T 4 A AR RR B A, IR B
i, BT IRELZ XTSI HME. (F8
F 4l i 7 W BT (SEM, JSM-6360LV, H A%) W52

R il 22 T GOV A A o I B XA 2k B8 3 SCRT X 5
LA S (i 2 WA 49 Bl Empyrean) X} PTFE 30t %
MR JE 9 EDS B35 A XRD &% BEAT 40 M7 o 15 Bk
il FAb 4% 1% 1 PTFE 3% I it B 3 0% o A B4 )
T (HP-500, SRiF A8 AR AR A PR 7)) I & PTFE
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Fig.1 CO, laser processing polytetrafluoroethylene (PTFE) to obtain
superhydrophobic surface: (a) Schematic diagram of CO, laser
processing PTFE surface; (b) Macroscopic morphology of CO, laser
processed area and unprocessed area; (c) Microscopic morphology of
CO, laser processed area; (d) Microscopic morphology of CO, laser
processed area (Laser processing parameters: Laser power of 9 W,

scanning speed of 300 mm/s, scanning line spacing of 50 pm)
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2 FRLRMIEEX PTRE RIHRIEREN : ((2), (b)) AFEOLYIA PR, PTEE BEfilff (CA) MIESIfM (RA) BEFIMLE W R 2 1k
(33 300 mm/s); ((c), (d)) RFEHHEEEE v &, PTFE [ CA Fl RA B MIBE Y1k (MOEThHh 9 W)

Fig.2 Influence of scanning line spacing on the wettability of the PTFE surface: ((a), (b)) Variation of CA and rolling angle (RA) of the PTFE surface

with the scanning line spacing at different laser powers P (Scanning speed of 300 mm/s); ((c), (d)) Variation of CA and RA of the PTFE surface

with the scanning line spacing at different scanning speeds v (Laser power of 9 W)

A L A B, BOL R 2 ik XA fiE
F¢ PTRE R e & B o, FA/ERZIMIXE, HAR
Z00 e DX 358y FR B 2 41 40 2 [ BE A B R G Ok 2
J2 UK S M e T A 45 R 14 3 O R R 220 e DX 3 T
P18 8 DR 5 Sl o i/ N IR B A1y 38 K A B D
o /DT 50 pm B2 ] 4 PTRE 3% 1 i
TR e AR N/ NI (SE E E T E= A 1] 220 0 N D ST
K, SUERIEPEREFIFRIBACRAYHTSE T, 2EH] 50 pm
9 190 R ] B A D 5 S0 1 2

&3 FEARIHELIETE T PTFE ZIi5 19 SEM ElfZ: ((a), (b)) 80 um;
((c), (d)) 110 pm (FOETIFH 9W, TS 300 mm/s)
Fig.3 SEM images of the PTFE processed with different scanning line
spacing: ((a), (b)) 80 um; ((c), (d)) 110 um (Laser power of 9 W,

scanning speed of 300 mm/s)
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€l 4 WOETHEERS PTRE IR ENENT . AR T (a) VRS (b) BEHOLTIZA AL (FIFLRIRIFEA 50 pm)
Fig.4 Influence of the laser power on the wettability of the PTFE: Variation of the CA (a) and RA (b) of the PTFE with the laser power

at different scanning speed (Scanning line spacing of 50 pm)

5 fEARRIBOETIZ T PTFE ZI)5 19 SEM 1R ((a), (b)) 6.0W;
((c), (d)) 7.2 W (S )y 300 mm/s, FHHHLEHIHN 50 pm)
Fig.5 SEM images of the PTFE processed with different laser powers:
((a), (b)) 6.0W; ((c), (d)) 7.2 W (Scanning speed of 300 mm/s, scanning

line spacing of 50 pm)
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Fig.6 SEM images of the PTFE processed with different scanning
speeds: ((a), (b)) 200 mm/s; ((c), (d))400 mm/s
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Fig.8 Sandpaper rubbing test of the superhydrophobic PTFE: (a) Photo of the PTFE rubbed by the sandpaper (12 pm grit);
(b) Variation of the CA and RA with the rubbing distance; (c) SEM image of the PTFE rubbed by the sandpaper for 6 m
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Table 2 Structure parameters of the rhombus support rib

array structure
Length of side/mm Crest angle/(°) Rib width/mm
1,2,3 30, 60, 90 0.05, 0.1
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Fig. 12 SEM images of the PTFE surface with the rhombus support rib array structure
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Fig. 16 Ice adhesion force test: (a) Photo of deicing process; (b) Variation of the force with the time; (c) SEM image of the PTFE

after ice adhesion force test
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