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Superhydrophobic surfaces receive many applications in various industries such as desalinization, heat
exchanger, anti-fog and self-cleaning surface production. In this study a wet etching process was used to
produce superhydrophobic copper surfaces. The specimens were etched by multiple ferric chloride and
deionized water solutions to create micro-nano structures on their surfaces. The electronic scanning
electron microscopy (SEM) images of the resulted surfaces show a formation of micro-nano structures
with specific templates. Contact and sliding angle measurement of surfaces after etching process
showed that contact angles of specimens increased to nearly 140° while sliding angle of all samples was
180°, which is the same as a rose petal property. In the next step, to promote hydrophobicity of surfaces,
increased contact angle and decreased sliding angle specimens were immersed in an ethanol and stearic

Lotus effect acid solution with a specific concentration. Moreover, effects of etching time and etchant concentration
on the sliding and contact angles with/without stearic acid modification were investigated. Results show
that contact angles increased and sliding angles decreased remarkably so that it reduced to lower than
100 in some cases and lotus effect was achieved.
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Cassie-impregnation regime

Cassie-Baxter regime

Fig. 2 Schematic of droplet configurations on superhydrophobic
surfaces with high adhesion (Cassie-impregnation regime) or low
adhesion (Cassie-Baxter regime) [12].
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Fig. 1 Schematic of a) Sliding angle b) Contact angle [14].

[14] oled sausly 0 (2530 sl (@ Selods IS T S

! Lotus effect

* Petal Effect

* Hierarchical

* lang et al

* Cassie Impregnating Wetting State
® Cassie — Baxter Wetting State

390


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.38.9
https://mme.modares.ac.ir/article-15-10885-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.38.9 ]

Ve 9 s3wal pliyg

Uil 93 — 9 3Kx0 Slzsl 9 35 HFIEA sl 33 31 0 3Ll by yano x5 3Tl oo crsdlus

293 nl oIS 055 d 4l cad glpaS Oyo cpl 4o S bl
2 41 ot Glp iz op Sl 00l Jo opdnigs Of Sl e 5
520 1510 ;3 iy 43 ol oy,lS 255 Jaie 5 algdall3al
4 Gl gles 10 aaiges s el 00l J> 05ged ol i Lo 25
5 ams el ol 3 4sShe clacdale b sl Jslxe o cels 2 B
slos 3 b Sas 5 opines of b sitad 5 Jsbro 5l o] g5
9250 sla Fogll 5 LS9 e cunts 3l (5T s> x4 Kbl
(S50l Caol onitd S5 i g axkd (g9 2 oltlej] bazmo 5
“ombesl dadiges ol ud Sl aas S ClldS o wiad dlg sl
PU e 235 Sjge (Sainr Gl g oled aly Sojlul sla
5 95 S MolS dxkad vo a5 ol ol gl (6T o3Il o Glaan S
29l Jol plpabl g5 S0l pog: sl 5l e

Do ;0 ladiges « S wld gt gloj et Sl dm al> e 0
Loossnss @l g3 ool wpls Jolne 10 el 15 55 4 slagle;
al> o jo il ooy 8 el Coanny B dl> o 5l aST 4 4 1 ag clale
laaisgad a5 (b 53531 (20 5 5550l Ol GRSl
5% sl Sl 05 0.28) Jgibil g densl S Ll Y50 0.01 Jslome y
“ g e + [34] Wloads jgabgé el 24 e 4 (Joil! il Lo 100
Al o cpl o dilens Sid olKialejl (slod 48 g s o I L o
S e e S (Saiez Oliee 5 lod asly gl lagialesl 5
i S o nSe sl o 55 Dppo Sl ab St
“o3lasl (sl 5" 300050 (35 ety 3l Sulisl b3 augly 5 5ol
Seolinog e dfaglesl 0 ool aBlu oKiws 5l 55 S5 gl (65
G5 o3l 2B lls oS ont ooliiul () Canio 5 ple oKy (g0 ,)S
mojlail golad Bados (pl jo wizmes ([2] Cewl 42,0 0.05 3 (saul;
sl 0 bl [35F o meal 3l 5l onliial b obod aggly cslais oS
3553 5 S Tl b gl 3 48 ol S50 ol 0 (5 S 3ll (5o
FelsSae B oz boondsnss ol o)l (1h b ye 5 a8 4y il
osls [lae Blyzil ol jod 4y 0 Kile 5 Cewl 00l ools 13 oyl (g9,
~Coabad poe g Uas ol odds (555 (Clises (5 puSo3lasl 18 £ 900 ,0)
=03l sl Silatienns slallas 51 36 iles] mls s alol> slo
wilion 5l ooy 5 o alesT plomil s bl slallas L 5 (55

ngﬁjT =W-3

Shnz 9 G325l ol -1-3

Shoslital Gaw b g b lacdl (sl (Slewl (wles gy amylie 3 JS0
el 2 2ol log j0 a5 wes oo lis obbdiges Gl 1) sl Sl
IS j0 a5 jeblen ailoads ools 1,8 calisee glaclale b sl Jaloe jo
odds (wled aygly ol3dl a onie dl SO Ll 3l oolanwl canl asein 3
oobed aygly Jlade (asie ale b ladiges coled (gly a5 (glaieSay ol
3 eslatwl e cl gl i sl SOkl 5l solaisl > sl
4l cond b g0y gl ag cdalé uoren ol anl SOl
Sl ooles gl (e ol el Cesdey 0360 ST 3 el w5
ol 0] Cawdds 4z 0 1514223 el SO Ll 5l soliiul >
S kel sleslaiul feay clle gl (wled aygly Jlade (g iy a5 Jbo o

! Nikon D300
% ImageJ

391

o3l o 38 (59, 52,501 pl ol cga 50 ,lSlugl - g Sea ol
ol Gros o Slar Corio )3 5l 050 (F9,55 Al (ped il 03 S
Slml ez sl 5U S olml 6l 5L 950 (S0, Sl 0
3 ool w )l Jslome 5l Gaid ol 53 sl Sl g (xbans jlons cs2,5 ]
S = 5,50 ol (sl e 3B (53, p 053 Jslme S lsie 4 O
Slp ool s shas el S5 a4 p¥ andl cal onls oolail jlsle
Vgh ylis Sl (59, 5,52l sl gz jlSle 5 — 5 Se oln
sl 00 00liusl [32] pgaiagl o [31] gy <[30] K55 0

S b 59, p L 9758 0 5 (59,55 ol Sl aw
oxilis o iy sladiges (59, 2 mb S35l gl b 0oz sl S T aY
56 G5 Al Sl Olie s 5 elad gy Gl e b ond
s 0l ol Bsks 5y el Ly sl g 0 o0ls yials

Sl eslin 5 anie o5 cplol Gigy G alie (al )5 00 &) sas,
Jo b gshe 65y 2 b &5 cul SOl sk osdl wg
Gl b g bl b s ol s odle ablso Lzl BB 525 oy owiin
Skl b S0l b @ Ol Ghlesl el Jole (S
5ol cess (21 85k 5 ol b5 (5 U5 S0l ) VL (St
2255 VL Les 058 & (g, cnl g ge lagts) (B D el

o lo3T Cwegi -2

aigod 5 jlweokel-1-2

oolainl b «a0,0 99.996 osls b o iz 3l oladiges Gaiod pl o
0old 52 MM Cuwles b g1 em X1 om ol 4 (4555 (o, olSiws
a5 (S anld sl 5 loard Jsbrs 45 g Grizan W
ol 00 ooliiwl ool oS g g Gledl Sye 08,0 5 oliowds Slga
ladigod lay] ¢ ST anyl b ploxil Czr gl (g3luoolal 5 (0,5 a3 (s
JESPURVICIEC U & JPURUIRVIR VAP 5 Y RES T NERS
S gy - ilodd jgabogé 4380 10 Side 4 05dsn 60 ol i L 100
05 S5 5l 5 955 0350 T b oad g5 3k sk 5l n
ool tailoals jeabogd ad3s 10 Do a4y Sl SO j98la s )0 5 Jolowe o
9 s plnil ladigel mhaw (59) 2 e oS|G0 O 5l 6lp B
5 4 ojinnsd ol by gyl sl Jslme I ladigad e [33]
iloas Sz

o)l plowil -2-2
5 et oo CBle Gliee 51 ez Glalejl 5l Al pe ol o
ol 5 el il s (Satez 5 6,500 Gl 5 S ol S
Gl Jsl alzpe 30 i e S o) p Az ©ja bl
g oad 4,5 s ol (S ol S Jolre S T
Jslme clale aigy el b ol onds olodl Sglie cloclale by igle]
(S ey S il dge Cllo osd Gl pgd Al e 10000 (attiee
a8 8 Gl s ol ol al> e j0 ol casods agy slacdale L clale
sl o0 plowl alies sla o (sl alesl g oo

WS (g, b &S (e diged iy Jolone Calé ange Sl om0
L oojmignd ol 93 ol S Jelowe j0 coads oolol 172 Cand 1o 00l
=i b o Jglore ailoaiss ools J1 3 celus g0 Cow 4y el lacdale
opmiped ol g3l IS5l g4l 30ul20llalsbk

5 ooladis 16 095 1395 sl o (s e SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.38.9
https://mme.modares.ac.ir/article-15-10885-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1395.16.5.38.9 ]

Ve 9 s3wal pliyg

Uil 93l — 9 3Kx0 Slzsl 9 35 HFIEA gl 33 1 0 Sl by yano x5 3T il Zodaus wrsidlan

160

155

~@-Without st =@=With st

Contact Angle (Degrees)

1 2 4 5 15
Time (h)

Fig. 4 variation of contact angles versus immersion time for a
constant concentration of etchant of [1:4]
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(b)
Fig. 5 Schematic of droplets on the etched surfaces with concentration
[1:4] and time immersion time 5 hr for a) without stearic acid b) with
stearic acid (droplet volume, 5pL)
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Fig. 8 The SEM image with 500 magnifications of copper surfaces
etched for a) 1h b) 4h c) 5h, etched by concentration [1:4] of etchant
solution
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Fig. 6 droplet configuration at various surface positions of a upside
down
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Fig. 7 variation of sliding angles versus immersion time
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