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ABSTRACT: With the increasing number of surgeries and medical procedures, surgical instruments are frequently used and
exposed to various environments probably leading to rustiness and wear. In addition, the blood and tissue residues in surgical
instruments are difficult to be cleaned, which results in the aggregation of bacteria and microorganisms, causing infection at
patients' wound. A secondary microstructure at the mouth of hemostatic forceps can change the forceps surface wettability,

inhibit blood residue, reduce bacterial adhesion, and improve cleaning efficiency of the instrument. Therefore, constructing
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super-hydrophobic surfaces on surgical instruments is of great significance for research and industry.

In this study, a submillimeter/micron-scale multilevel-structured surface was prepared on the surface of a 3Cr13 stainless
steel using wire electrical discharge machining (WEDM) composite nanosecond laser ablation. A self-assembled
1H,1H,2H,2H-perflfluorodecyltriethoxysilane (PFDS) coating was further applied to downgrade the surface energy. The surface
morphology and wettability of the samples were characterized and tested with a scanning electron microscope and a contact
angle meter. Micron grooves were uniformly distributed on the inclined surface of submillimeter grooves, and the shapes of
grooves at different heights were consistent, with directions parallel to the grooves. The effect of the surface wettability of the
structure was investigated at both submillimeter and micron scales. The microgrooves on the surfaces of the samples changed
the contact state of the droplet from the Wenzel model to the Cassie-Baxter model, which effectively improved the rolling
performance of the droplet. A surface tension meter was used to evaluate the adhesion force curve of the droplet on the surface
of the sample. The maximum adhesion force of the tooth groove array sample was 164.1 uN, whereas the minimum adhesion
force was 123.5 uN. The adhesion forces of the samples with multilevel structure were 77.2, 47, and 24.1 uN. There was a
strong positive correlation between the rolling angle of the specimens and adhesion force. The adhesion force and rolling angle
of the multilevel-structured sample with a vertex angle of 60° were the largest, whereas the adhesion force and rolling angle of
the multilevel-structured sample with a vertex angle of 120° were the smallest.

The results of this study revealed the solid-liquid adhesion mechanism on the tooth groove surface, which had important
theoretical and practical value for the design and manufacture of new surgical medical devices. The effects of the sub-millimeter
tooth groove apex angle and tooth groove depth on wettability were studied, and the influence of microgrooves on the contact
state between the droplet and sample was studied, providing insight into complex planar hydrophobic mechanisms. The results
showed that the contact area between the droplet and the surface changed from an integral contact area to multiple discontinuous
areas of micro-grooves, which increased the three-phase contact line between the droplet and the surface. The Wenzel model
contact between the droplet and sample changed to the Cassie-Baxter model contact and remained stable. The multilevel
structure reduced the surface adhesion. Compared with the tooth groove array surface with a similar vertex angle, the adhesion
of the 120° multilevel structured surface decreased from 164.1 to 24.1 uN.

KEY WORDS: multilevel texture; laser; super-hydrophobicity; tooth groove; contact state; adhesive force
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Tab.1 Chemical compositions of 3Cr 13 substrate
wt. %
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Fig.2 Cross-sectional geometry of tooth grooves with different vertex angles
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Fig.7 Cross-sectional geometry of micro-grooves on tooth grooves with different vertex angles: a) 60°; b) 90°; ¢) 120°
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Vertex angle of 90° 781 135.47 191.58 0.173 45 0.245 3 161.78 160.1
Vertex angle of 120° 777 231.75 267.6 0.298 28 0.344 4 156.23 156
168 | —=— Theoretical results TR R A TOU A BN, SIZ R 1 YA o i RN (1R 8 ),
s L —e— Experiment results A (4) 775 192 ol 1 L/ LB PR 7, /8
el F B F O, BEBE/N (A (2)). EHAL S AEH]
z [F) 1 5 0 L O A T A N 11 2 2 UK 110 % fik
C| LY
8160
5 s 2.3 AMREKEHREIEGETR
156 L K T MR VR RS 5 4o g4k 3 T TR Bh R
I SR 4 T 3 3 A0 45k K R AR 2 T P B R T %
60 70 80 9 100 110 120 K 12 HARALSUH F T PFDS 515 1R 4h
Vertex angle of tooth/(°) AT LLE B SRR R BB S 164.1 uN|, B/l
B 11 AR 505 RE T fR 2 TR e &R B A A Mt 1A 123.5 uN, I T 2HEH . [HAF, %26 Mt

Fig.11 Trend chart of relationship between contact
angle and tooth groove vertex angles

YK 5 22 H AR RE Cassie-Baxter i, f
Gromov 3R5E P Zisman 3P0 A1, % Tk
W BB AR, 5 R T AE 22 Sl ok, 7E AR
b A H AR, ROAR A A A 1 2 ok TR FR AT AR T /N
TV B A SV 5 T A S 2 30 s v A BOIR o O R T AR AN
[R), O T AR AR RN AT, Y K 2 30 A o BRAR T

T M2 B B SE 0, 15 KRG 5 U 2 T B i
PRGNS o i Z2 R LUIRE R 153500 R 77.2.
47 1 24.1 uN, HIZRIERZE, RI/KIH I 2 e
AR, XK ) B B35

A R I 5] 45 vl 2 T BV 42 3 AR 3R T RE A i I A7)
TP B R A RE R, KR XE IR B, BIVEORE A
% 90°, skt AL ES IR . R BE B i m 29
IR IR ERRR RIS . B 13 HEZRLUIK



214 x£ oW H R 2024 4F 5 H
0.015 0.015 0.020
o Tooth o Tooth 120°
Tooth 1123.9 N o ) 1235 N % 0.015 ::ves 1164.1 uN
0.010  grooves 0.010 [ grooves /i1, . &r '
< 0.005 ': £ 0.005 | : @ 0.010 t
% i EBnd | % v _____End | & o005} |
§ or i e e = g Or , A========m===== === g l; End
J Start ,’%/ Start 0t _________:::::::__>
~0.005 | (] —0.005 | (! ooos | Start |
0010057505 10 15 20 25 %5 0 05 10 15 20 25 05 0 05 10 15 20 25
Position/mm Position/mm Position/mm
, 0.006 . 0.004
0.008 | Multilevel ' 772 uN 60° Multilevel 47 uN 90°
0.006 | structure ‘.l 0.004 T structure s 0.002 |
2 0004 ® 00027 b L e of
5 0.002 ! End | ® O dimToemToTmTroo £
S o e MR Strt | g 7002y
—0.002 ] Start —0.004 ’:' —-0.004 |
-0.004 ¢ *g-ggg T ~0.006 |
-0.006 — 0. —— —
=05 0 05 10 15 20 25 05 0 05 10 15 20 25 05 0 05 10 15 20 25
Position/mm Position/mm Position/mm
Bl 12 AS[E SR 2% 1 B B ) 45 SR
Fig.12 Adhesion forces of different textured surfaces
0 = Rollingangle ] BT IR ELU A7 (78 50 A (B S ) 15 B
50f W Adhesive force 4 80 JIXT . AT B 2, R R 3 5 R
€ | | % ST G0 IE AR . 60° S ARk RE BT )
2 160 ¢ N o b
2 %0 1508 K, MR AR ; 11 120° 2 KSR ZE T 1
- (o] N
g {402 SRR AW
g 20} -30§ Z AR F TR FE R ERE Y S AL, R K
10t 'ig 5 TS F B FE AR A SR D sE 1 . IniEl 14 s, 15
0 0 FETUFA R /DN, 7K 5 R 422 Al o0 iy it Bk, UK
o 0 th/(°)120 T 15T O Y R JRE A o 7K 952 T R A ) TR 2
ertex angle of toof " NI, NS Y= o 3
N 2 W) 7K ik T8 2 X AR B o A 1) 288 B 0 R/ o IR TR
F13  SHERRE R HEEH KR B, MR BRI R, T I U 2 A B

Fig.13 Relationship between rolling angle and adhesion
force of multilevel textured surface
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