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Study on Hydrophobicity of Surface Texture on Fe-based Amorphous Alloy Coating
Treated by Nanosecond Laser
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F e-Cr-Mo-C-B-Y amorphous coatings were prepared on 35CrMo steel by cold spraying (CS) technique. The mastoid-like, dot and groove
surface texture structures with regular arrangement were constructed by nanosecond laser. The result show that the surface characteristics of
the coating vary with the laser texture structure and spacing. Under the action of high flux pulsed laser, the coating surface produces larger protru-
sions along the laser path, and the protrusions are covered with particles formed by the splashing structure of molten particles. Texture surface
has texture, particle and polished surface at the same time. Besides, the coating surface after laser processing has excellent hydrophobicity, and
the contact angle with deionized water and drilling fluid increase to (151.6+0. 3)° and (145. 9+0. 4) ° respectively. With the increase of lattice
and groove texture spacing, the wettability changes from superhydrophobic to hydrophobic, and becomes hydrophilic when the spacing is maxi-
mum. The spacing change of mastoid-like texture has little effect on hydrophobicity, and even if the spacing increases to 300 um, the coating sur-
face can still keep hydrophobic. At the same time, the coating surface showed hydrophobic stability and low adhesion.

Key words cold spray, Fe-Cr-Mo-C-B-Y amorphous coating, surface texture, hydrophobicity
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Table 2 Drilling fluid composition ( mass fraction, % )
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Table 1 Laser processing parameters

Parameter Value
Pulse width/ns 100
Rated frequency/kHz 85
Pulse energy/m] 0.5
Mean power/kW 37.5

Spacing time/ s 13.33
Spacing distance/ pum 20

L2 REFZE

K AT oL T 14 (SEM, ZEISS, Germany ) Fil X 5 £
AETE AT ( EDS , Oxford , England ) 2k WWELFN 43471 4 2 B0
JESFICRFNZE A5 R . M B SE2 {5 5 3d il |
15 kV TAEH . R =4EFDET W R IE S (NexView,
ZYGO, America) Ml I3 2 1 = 4ETEH0

DI A B FH 25 8 5 7K ORIl I, SR P A 42 k) AL
(OCA25 , Dataphysics , Germany ) 43 51 +2 H: 5 % )2 26 T A9 &
A o LIRS T e Rt 2 BEAR A T A B BEL B
RZRBCTT B FROLAr W36 2 B BB il B AL R LA
B, FHEME R 5 WL ARG e 7E AT i R T, 19 T A
S, W A A A, DL A7 1 ST (R Ay A o A 10
SBRAE R R E AR R HL( Photron FASTCAM) i i /K T 7%
(3 R S RS UR TR 7K BE T 4 A

Component Sodium base slurry Na, Si0O, KCl XC PAC-LV XY-27 PAC-HV
Content 1—3 3—5 5—10 0.1—0.3 0.3—0.5 0.3—0.5 0.4—0.6
T AT LA Y OGAL BRUS U 2 2 T80 43 591 2 0 H T 300 1 )
2 ZHRE5SMH

2.1 RERNLEH

WnEl 1 R, A RS SO i Y 2L R U (Mastoid-like
texture ) 2 FEZHF) ( Dot texture ) F1 Y18 2R 44 ( Groove texture )
FIHRUREE S, BRIV Pl 02 b7 A 1 T S0 0 M0 PR
AR A S ) A PR SR

Pl 2 7R T AN [] [E) B A e R B9 — 2 TR 50 R AR A1
B VL, Bt 2 K ] B %) 6, k) B R 8 B RO 20 i i/
BRIE M 220 pwm J/NZE 150 wm, H LU R EE R 300 wm
I, SR T R T S B D' % T 194 - JEOG 3 A AR, L
PR 4 SO 2O 1 1] BE 39 K 3 300 wm B, BOGAE H TR 2
1T ARV 2345 92 F1 , DT 3 03 T 4R 7 RSOl . 33
DI T R BF 2 Jo] Bl O MEAR I 2 10 wm , 350 T SUAE 3 TH 1)
HBEFE

P T2 22 [ 1 16 1 2 1T Bt 4 2R TR R R S I i 9 K
ZEUR 2 TR RELE 2 10 2 I D B2 g 38 DA T /) (1] B o R AR
IHAEM R m i JUAS) , Q& 3 Frzs 2 T RERES B2 2 e o [
AR T ) P 94 D B HEL R 2 1) 728 1 2 o 6 TR g 7K e 7 A A
KEgsEm=

Kl 4 RBOCLUE G CS IR 2R B SLIE . A 4

P TR RN ZL S 128, o I R TV 0 ) BE 5 A S vk, i [
I SedE — ZRURE 1 2R G54 . X2 B T 9 R0 1 A 0T
BRI AL — N G R, ol B bk OB FE CS TR 2 R M4l
i, J A ) PR 1 L R R o, R ) 0 T ) Mk o s L el 4545
OYURIZBZE R I AT A AN T 3 BRSOG4 4 DA
AMIIR I ok PR st i) B4 i A0 il %) A R T, A
T A T O B AR R e B, R e - 3 55
FRRIRL T I 25 M B A UL, 2K 2 1T [ IS A7 AR 208
WOk o2 = 2R EE
2.2 FRkIERE

5 R T 37.5 WIOETIRTN 258 /K RAES I e
CS RIZA RO CLURE J5 1 A H2 il ff (S1.,S2 A1 S3 43 5l 3=
ZRIEE D=150 um 200 wm A1 300 wm), Z558 %, #HOLH
P I AR it 78 A [R) UK T B R ) i S 1 B R
FEh— BB A R R AR R M B v W, HA B R iy 2 imi
sk 7, s b s RN T AL R B S R B K
TS F) 2 ik A3 KD X VIR 9 YRR A T A ik A N
Fe 3L S & & Uk B 7061 (0 200 T /2 36K ™ o8y
Ji ,CS WR)ZEFRIA 5 X B K M Hz il f (DWCA ) Fl 5 8 -
Befil /1 (DFCA) 73T+ 2 (151. 6+0. 3) °F1(145.9+0. 4)°,

211201342



WA AR & Fe KM E&2RER B BM AR R/ FRAF

Sa 48.811 pm

(a) Sa 52.809 pm (b) Sa 48.995 pm (c)
Sq 59.638 pm Sq 65.538 um Sq 65.373 pm
Sz 301.896 um Sz 327.527 pm Sz 338.677 pm
0 0 0
50 100 100
£ 100 20 200
;— 150 EREN i 300
g w o 400 o 400
S 220 5 500 E 500
; 300 2 600 S 600
350 =700 =700
0400 00 800 00 800
400 150 200 250 300 35 800 0 400 500 600 7 800 400 400 500 6007
s0 100 0 100 2007 o 100 2007
(420299 ¥ 83370 B g0 B
Sa 37.923 pm (d) Sa 19.219 pm (e) Sa 8.569 pm (f)
Sq 52.714 pm Sq 33370 pm Sq 24.300 wm
Sz 306.837 pum Sz 250.470 pm Sz 272.726 pm
0 0 0
50 100 100
£ 10 200 _ 200
;— 150 Ei 300 S 300
2 200 o 400 o 400
N = =
s 0 I T s
; 300 600 2600
350 = 700 =00
50 400 i 700 800 700 800
400 150 200 250 300 3 800 g 400 500 600 800 L0 40 500 600
N 50 100 12 n o 100 200 9 N o 100 200 3 .
X: 420299 W X: 234370 W X 234370 B
Sa 42.495 pm (2) Sa 26.344 um (h) Sa 15.119 pm (i)
Sq 56.534 pm Sq 44.862 pm Sq 31.181 pm
Sz 314.719 pm Sz 294.871 pm Sz 282.835 pum
0 0 0
100 100 100
200 200 200
g w0 g w0 ERE)
o 400 o 400 o 400
= = =
Qs o s Qs
2600 % 600 %600
=700 =700 = 700
800 800 00
800 0 40 0 600 700 800 o 400 O 600 700 800 o 400 0 600 700 8
o 100 200 ° o 100 2007 o 00 2003
§: 834370 o . 834370 pm

X 83A370 pm
B 1 OR[E] B AN A 2R O TR E A = 4R 30. (a—c) FLAELUM, [ B 4308 150 um 200 pm H1300 wm; (d—f) 55 U [81BE 23 514
150 wm . 200 pm F1300 pm; (g—i) MAHZUG  [#E 250020 150 wm 200 wm #1300 pm

Fig.1 Three dimensional morphologies of laser machined surfaces with different spacing and pattern design: (a—c) mastoid-like texture with spacing of 150 pm,
200 wm and 300 pm; (d—f) dot texture with spacing of 150 wm, 200 pwm and 300 wm; (g—i) groove texture with spacing of 150 pwm, 200 wm and 300 pwm
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Fig.2 Two dimensional morphologies and cross-sectional profile of dot texture with different spacing; (a, b) 150 pm; (¢, d) 200 pm; (e, f) 300 pm
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Fig.3 Relationship between CS coating roughness and texture spacing
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Fig.6 Change of hydrophobic angle on mastoid-like texture surface of CS coating
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Fig.7 Rebound behavior of water droplets on mastoid-like texture surface of CS coating with spacing of 200 pm
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Table 3 Coverage and contact angle of different textures ( mastoid-like, dot and groove)

Texture type D=150 pm D=200 pm D=300 pm

R 0. 804 0.913 0.951
Mastoid-like texture DWCA of CS coating/ (°) 151.1+£0.3 145.6+1. 1 145.7+2.5
DFCA of CS coating/(°) 141.5+3.3 142.9+5.6 139.8+0. 8

R 0. 196 0. 087 0. 049
Dot texture DWCA of CS coating/( °) 150.9+0. 8 148.9+0.9 117.3+0. 4
DFCA of CS coating/(°) 145.6+0.7 140.5+8.2 123.5+3.2

R 0.25 0.11 0.062 5
Groove texture DWCA of CS coating/( °) 151. 6+0. 3 148.5+0.7 105.7+8.9
DFCA of CS coating/(°) 144.9+0. 8 145.7+1. 8 114.9+3.8
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Fig.8 State model before and after coating surface treatment: (a) Wenzel
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