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ABSTRACT: The work aims to fabricate superhydrophobic/superoleophilic copper foam surface with excellent oil-water
separation performance by efficient and low-cost laser-heat hybrid treatment, which provides an effective reference method for
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oil pollution purification in marine ecology. Firstly, the copper foams were dried with nitrogen after ultrasonic cleaning to
remove surface contaminants. A nanosecond laser beam was then used to induce hierarchical micro/nanostructures on the copper
foam surfaces. The laser textured samples were then heated in a heating chamber at 200 ‘C for 100-120 min. The copper foam
surfaces prepared by laser-heat hybrid treatment showed excellent superhydrophobicity/superoleophilicity under a certain range
of laser parameters. The surface topography, chemical composition and surface wettability of the copper foam surfaces were
characterized by scanning electron microscope (SEM), energy dispersive X-ray (EDS) and contact angle goniometer. The
oil-water separation effect of copper foam surfaces was measured by a self-designed oil-water separation experimental device.
The experimental results indicated that the rough micro/nanostructures of copper foam surfaces were significantly affected by
laser processing parameters, including laser scanning speed, laser power and line spacing. Under the laser power of 15 W, the
scanning speed of 200 mm/s and the line spacing of 0.02 mm, the copper foam surfaces retained complete skeleton structure. It
was also found that the micro/nano particles of higher density were attached to the skeleton. Herein, the copper foam surfaces
exhibited the best superhydrophobic/superoleophilic performance. At the same time, the chemical composition on the surfaces of
laser-heat treated copper foam changed rapidly under different processes. After laser texturing, the copper foam surfaces were
oxidized obviously. Polar hydrophilic groups such as hydroxyl and carboxyl groups in the air were deposited onto the surface,
which rendered the surface superhydrophilicity/superoleophilicity. The content of C element on the copper foam surfaces
increased after laser-heat hybrid treatment. Non-polar carbon-containing hydrophobic groups such as akyl in the air were
deposited onto the surface. The surface energy was significantly reduced, and the copper foam surfaces showed
superhydrophobicity/superoleophilicity. With the combined effects of surface structure and surface chemistry, the wettability of
copper foam surfaces changed from hydrophobicity to superhydrophobicity without changing the superoleophilicity of the
surface. The maximum water contact angle was 158.5°, and the oil contact angle remained constant as 0° on the copper foam
surfaces fabricated in this work. Oil-water separation experiments indicated that the oil and water could selectively pass through
the superhydrophobic/superoleophilic copper foam surfaces prepared by the laser-heat hybrid treatment. Therefore, when the
superhydrophobic/superoleophilic copper foam surfaces contacted with the oil and water mixture, the oil and water could be
effectively separated and the separation efficiency could reach more than 90%. In summary, the copper foam surfaces with
hierarchical micro/nanostructures fabricated by the laser-heat hybrid treatment shows distinct superhydrophobicity/
superoleophilicity and superior oil-water separation performance. Meanwhile, the laser-heat hybrid treatment method is simple,
efficient, feasible, and environmentally friendly, and has strong potential to realize large-scale industrial production. It can also
provide useful insights for solving the purification problem of oil pollution in marine ecology.

KEY WORDS: laser processing; copper foam; micro/nanostructures; superhydrophobic/superoleophilic surface; oil-water
separation

X, 4 WOL-PUbBE S TRk > 8w LA RE T 5T - 217 -

UTAER, A M B SO, R AR A
BTG E o ATl G R A A L BOIR
ARSI TT N Z —, A5G THFREKR, &
TR PR A 25 R GE B ICMERIAR , T EL X i A PR 5 i
R AL YT N AR S 7 A 5
Tl A== e, T I T i i S W i s AP A K i 2L
AR, W R A5 5 1 e T R A R
BA S ER A R B A 8220 kiR E Y
XPAEASERE . Tl AR BB i 5 i ke, AR AT i 2 7
XSO IR Y BA R AR A TR E

TEFRIRET, TRk Ifr 25, il K
TE[R]l— bRt e i b 52 SRR 2 A B A (A
A LA o A B 6 R R A S B L AR A R R T
PR R P , T R K 7 30 e b A 2 T T B 4 1) 2
5, AT S B A S 8 R LR & W e i i [l
S ek, BRSO GUR T AR Z ATk

BRI T A0, TR REmLET | e
WL LR T AT ekt
H 25 22 0518 s e - B i v 1728 4 — BRI N A
CATEASURIT T ARG TAF. Su 250858 i
TE R 3 M T Wt oy — AR A ke o A R e R 25 242
W, & IR A LIRS ELAA 5 2 90 K B0k 2T 4
ght, R UL B B K PR RE , HEE il mT ik 163°,
MRS MAH 3°, KR LA HER . FE, 246
Z LI FL BT 1k 80%, 5 oA b B 5 0 95 2 475 JBE 1Y)
fLERH (85% ) AHILZEFA K, £ Ti%H L2k
il 28 11 R B 7K R O 9 £ 0 B EL A R A R 3l K o3 s vk
fE. Li ZEMMSREERE 0 TiO,-FesO, 40K ik
TFRBHIRBIRA AR EM L, iR F RS #HA
I 2Z [ A 2P, DO RE N K JUR Bk ik A& 72 I 2
[ 3t 485 5 FE AR b, 2 T B 25 1 2 K S0k 45 W S B T
ZIIHE H I 15 e K & w2, W B Xl AKIR A



- 218 - * wm #H R

2024 4 5 A

1 BA BRI R4 Bt . Yuan NIRRT 4 23R
AW AR, 1558 T4 R-SI0, EEK,
FSE 1 RALTE BUE Wi BCS SBEENRE, SRJG TE K INER
BT, B MnO 40K F 7 41235 31 BCS S BEL £ 1 ,
il & o TR R4 L H K 2 IHERY HBCSM SBEIK
HoKZ i fa ik 155°, Izl 0°, wlAa Aot
ANERM IR A PLE ], SRR B H A, BRX
SOk ] LU RSB R K B 4y B S e, (R
A | AR A AR NS BRI 18 R 75 ATy R 2 1 e ke 16 W
B, MELASEEE T AR BB . R, iR A
I — P SRR L KA HICEE M 9 B AL K 43
AR,

BT, SOt Tk W H A & A g | JE#
il FT P SER I T RNEF I SE VY S A
TE T PR ATURAR 2 T )2 p IO STk R
T A0 ) 4% 20 AT UK B ) S AN S5 4, ER
l) Ak A i T i s 12224 R P O 26 v i
J5 ¥ TE BUR 0 4 8 1A Bk 22 FL A R L i & TR 0 Tl
SER ITAE 1 — 5 ) T A AR ) R A2 4R, mT L
ARG 45 B K oy B PERE R R 20 HRT, AFST
N GO0 2 T T B Ak i & K 4 B R U T —
SE R o Xin 0 FHEOE I Tkl 4 T B s
IR SRR 2 AV (AR TR I PR B A ) o 2 it be il
FRE e A AL S, 0 A H bR} 11 25 10 8 25 45 S P 1Y)
TR &5 ) IS /N PR 0 A kT . L K At 3R T
T REEflA N 156°, 4553, i FH A wii /K 5l 2%
P 7O 7T i A ) B A 1 e O 3 W
ik 99%, H il & AR B K 22 1 AT R4 RG] [Tk
Y. Chen Z:128F FHANAM OB K45 T — R HAT 240
SEAG ) B KR EIMAR T A AR S AR Ik
166.6°, Z5REM, FLEN 0.5 mm [ ZFLER AT LA
Ui 2 B AR BUIN T 50%E A [ IR & 4, [6)
S PR 7R 3 Q9UOF) I 43 B 200 o X e e 45 29 ] F b 0
POCTE WL R AR _F A T 2RI N5+, IS T AN
PO T2 B0kt 2 T 3 2K i S 1 5 e AR O n
TG JE R T Al o AR AL, 8 R AN A
T e FRAR 22 LA A SR RIAE T, ol J5 AR i 7K 2% T 4 3
R T R B T B K R SR I R, K ol A
ATk 157.4°, W filfA ORREAE 0°, iR AL AT H

Tk oy E s al T e, DR 92.4%.
BEA, vl £ 4 2 1 HAT RO A, 5V Al
S o BARARZ 2B Ao TI7 kil & 17
K T B R IF AT 1T Z RN, 15 B A ST A
fE—SERlE, FRAHE: (1) e T 2R,
SR BRI ; (2) —28 T T AT B AT ke
BRORI, BAEARRsATE R, S 1 A
P, Bk —Fh e RNAS IG5 BT 306
Ak B K 3 B R R A TN 55 2 A
FEXF LA R, AT T HOE- AR S T
Ziil g T BA KR R IR A T R e T, AT
AR T K EERE . 1 ST A RMEOLTE IR
AL 0T 2 A S, B G e R R A B
SCEL AL 2 B B R o (A R T OB | RE
TEASC 2 i 00 e ASONS O N T Y PR 2 T 4
WA | A2 E e R AU K R EEAT T R AE, JF
R 00 7K S 8 A 5 45 X O - PR AL B 5 i 55
YL PR AR 22 I AT 7K 3 B RCRPEAT T 9k, 5 2R3,
HOL- AL & T 2000 & 1 T AR R AR 451
AU 28 THT A F) B 6T K AR 256 L TR 2 T , 7 98 14 e
JK T 7 B H X T A K S8 2 AN R R A A, AT A
LB T R MK EERE o RIS, AT 07k
B A ROCR B R BRI G 3, Al gtk
rEmERA—EN S %,

1 e

1.1 B mI K #HAbE

B0 T PR A T R T T 5 TR T A R
B, H 20 mmx20 mmx1 mm PR, FLEREE K
130 ppi. BOGHN T34 A TH-UV200A 224NN FM O
TS5 (RN RSLEOEH A ). #otatEne
INTSHNE 1 s, A TAE I i 30s- ik
PG AT LA 1R o K R 75 78 Tk B
FKHEHERYE, BHARRKT . BOLR MRS &
S URERETR Yy S RO A 2N Y A T Y IS E S ES
WV R BEFAR , 38 1 98 RSO AE 32 100 4 2 P A 45
¥ B, RO T BIAE A 200 °C A
PR TR AL, InFA T [E] 2 100~120 min.

F1 HAXMISH

Tab.1 Laser processing parameters

Parameters Value Parameters Value
Wavelength/nm 355 Pulse energy/mJ 0.30-0.38
Pulse width/ns 10 Power density/(GW-cm ) 1.06-1.33
Repetition rate/kHz 40 Scanning speed/(mm-s™) 100-300
Spot diameter/um 60 Line space/um 10-30

Average power/W 12-15

Scanning area/(mmxmm) 25%25
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Fig.4 Surface and SEM images of copper foams fabricated at different laser scanning speed
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Fig.5 Surface and SEM images of copper foams fabricated at different laser power: a) untreated; b) 12 W; c) 13.5W; d) 15 W
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