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Introduction

With the increase in offshore drilling for oil
extraction, exploitation and transportation of oil and
oil products, the risk of oil spills and oil wastes in
the marine environment has increased significantly,
on the other hand, easy, controllable and economical
separation of associate water has become necessary
with new technologies. Oil spills and oily waste water
have a disastrous effect on the ecosystem and the
environment, and the separation of oil-water mixtures/
emulsions by traditional methods also requires the use
of expensive chemicals. During the past few years,
the development of special wetting materials for the
separation of water and hydrocarbons has attracted a
lot of attention from researchers. Many researchers
have made materials with selective wettability that
are hydrophobic/oleophilic or hydrophilic/oleophobic,
which can be used to separate a selective phase from
an oil-water mixture.

Crude oil is found along with gas and brine in the
formation, and as the reservoir is drained, brine and
gas are also produced with crude oil. During the well
production, the number of wells producing brine
increases steadily [1]. Emulsions encountered during
crude oil processing are sometimes of a complex
nature that can be classified as water in oil (W/O), oil
in water (O/W) and finally water in oil in water (W/O/
W). Among them, water-in-oil emulsion is dominant,
and the portion of other emulsions, is a small amount
[2]. The problems associate with the presence
of emulsions in process facilities include but not
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restricted to flow line pressure restriction, production
reduction, pipeline corrosion, pump failure, poisoning
of downstream refinery catalysts, and other problems
related to the production equipment and the distillation
tower overheads [3]. Therefore, there is a need to
demulsify the crude oil before transferring or refining,
to avoid economic losses and operational challenges
[4]. Moreover demulsification process is often done
using a suitable demulsifier.

Materials and Methods

Among the various methods that have been proposed
to solve the oil-oil wastewater problem, the use
of materials with special wettability for water-
hydrocarbon separation has received great attention
and has been widely developed [5-7]. The first mesh
with superhydrophobicity and superoleophilicity
surface used to separate oil-water mixtures provided a
new idea to use the wettability property of materials in
oil-water separation.

Results and Discussion

In this research, a 5-micron mesh is coated with
tungsten oxide nanostructure by a simple hydrothermal
method. The reaction is as follows:

NaJy0,+2HCl WO, +2NaCl +H,0 (1)
The mesh showed good hydrophilic properties in air,
while when it was placed underwater, it showed good
grease (oil) resistance properties. These wettability
properties raised the possibility of application in water
and oil separation. As an observation, water could pass
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uniformly through the mesh, while oil or hydrocarbons
were prevented from passing through the mesh. The
SEM images of the raw mesh and the created filter are
shown in Fig.s | and 2 respectively.

SEM MAG: 200 kx Det: InBeam
WD: 4.67 mm BI: 7.00
View field: 1.04 pm Date(m/d/y): 12/03/19

Fig. 1 Raw stainless steel mesh.
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Fig. 2 Created nanostructure on stainless steel mesh.

The wettability of the raw mesh and the hydrother-
mally coated one (after calcination) was investigated
by measuring the static underwater contact angle. The
difference is shown in Fig. 3.

In the EDS analysis (X-ray Energy Diffraction
Spectroscopy) of the filter sample with high current
intensity shown in Fig. 4, the almost uniform
distribution map of tungsten nanoparticles and the
corresponding EDS diagram are noticeable. Tungsten
and oxygen elements can be seen in the shown
spectrum.

(b)

Fig. 3 Underwater contact angle on a) raw mesh and b) cre-
ated filter.
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Fig. 4 EDS analysis of created filter a) nanostructure WO,
distribution map and b) EDS spectrum.

Conclusions

The mechanical stability of the fabricated filter was
evaluated by measuring the underwater contact angle
after the filter was placed in an ultrasonic bath for 10
hours. It should be mentioned that the contact angle
did not change significantly, and the constructed filter



maintained its hydrophilic behavior and oil repellency
without any change. The chemical resistance of the
coated mesh sample was also evaluated in such a
way that the manufactured filter was kept immersed
in alkaline and acidic solutions of NaOH and HCI for
24 hours each, and again the underwater contact angle
was measured after each 24-hour period. Again there
was no noticeable change.

References

1.

Matijasevic, B., & Banhart,J. (2006). Improvement
of aluminium foam technology by tailoring of
blowing agent. Scripta Materialia, 54(4), 503-508,
doi.org/10.1016/j.scriptamat.2005.10.045.
Zolfaghari, R., Fakhru’l-Razi, A., Abdullah, L.
C., Elnashaie, S. S., and Pendashteh, A. (2016).
Demulsification techniques of water-in-oil and
oil-in-water emulsions in petroleum industry.
Separation and Purification Technology, 170, 377-
407, doi.org/10.1016/j.seppur.2016.06.026.

Liu, J., Li, X., Jia, W., Li, Z., Zhao, Y., and Ren,
S. (2015). Demulsification of crude oil-in-water
emulsions driven by graphene oxide nanosheets.
Energy and Fuels, 29(7), 4644-4653, doi.

Petroleum Research, 2024(April-May), Vol. 34, No. 134

org/10.1021/acs.energyfuels.5b00966.

Yi, M., Huang, J., & Wang, L. (2017). Research
on crude oil demulsification using the combined
method of ultrasound and chemical demulsifier.
Journal of Chemistry, (1), 9147926, doi.
org/10.1155/2017/9147926.

Cao, Y., Chen, Y., Liu, N., Lin, X., Feng, L., &
Wei, Y. (2014). Mussel-inspired chemistry and
Stober method for highly stabilized water-in-
oil emulsions separation. Journal of Materials
Chemistry A, 2(48), 20439-20443, doi.
org/10.1039/C4TA05075D.

Lee, C. H., Johnson, N., Drelich, J., & Yap, Y. K.
(2011). The performance of superhydrophobic
and superoleophilic carbon nanotube meshes in
water—oil filtration. Carbon, 49(2), 669-676, doi.
org/10.1016/j.carbon.2010.10.016.

Li,H., Wang, X., Song, Y., Liu, Y., Li, Q., Jiang, L.,
and Zhu, D. (2001). Super “amphiphobic” aligned
carbon nanotube films. Angewandte Chemie,
113(9), 1793-1796,  doi.org/10.1002/1521-
3757(20010504)113:9<1793::AID-
ANGE17930>3.0.CO;2-1.



. > 0‘0 4 . o~ . a o
Gy Allio nuu’4 FA-0F axbo NPV Clguudyl (09,8 IVYF o Loy

Jowl (FTNgh g ki (ARG il
e SR WK g FUITPXIY Y PR VR | PREL < SR W

TR V-FR SR PR KW TRVE TIPSR PE P
OlRl ol cCaio 5 ple oRiils ¢ coud pwiige 0aSLil I g Sl ¢ goudh (pwiigs 00Sils )
Ol Ol s Cario oSyl o(nyS g b Dlido S e =Y

VECYNYY iy G VR AL A el s f s

2SS

Sy (st 3l e slmod gl 8 g ki Ly Sz 5 ()10 0 il gl il (sl Jlosl B sloms i iylél Ly
S 2B e silslaz 505 o sl andls lataMe L8 2l (ol aomme (o (i slacbny 5 ot B
= el a2l 1 i glaclny 5 i (b Celaidly Oy 0w slagieleiSs Ly oo of p e o (goladl
Cmail,S (o olye B0 o3l o (i sl Ly Sk olyan O (gluhiz g 4l G lae 5 pissS|
oS ot 5l ool Az (S 5 Ol ilsliz Sl (pls swisd 5 Slss dag 41338 Jlw aiz (b il s
5 O mgdnl Ly S S0l a8 (i3S (Swig3 5 L sl (ool S shegly 5 4ty Syl 355 4y,
15 g ol (S 5 S y0em erfny) otyz 5 ol by L 1 bl L5 Sy (g3 sl ailgs o S Wl
OBl (o2 poaieds Sjal Jial e (595 G Sy Oloieds (S5 anST il ool (Sl 55 Sl iaghy
D gy Ll bg e 5l 5 S5 000 Ly Ol slailh Sl (oS0 (23S illar g T slosliiul e (Swig i3 s
S5 oillad LS lagls (X 0T Sl oaBgy Jlo g 000 (g, Ly SSjs Juiwl (9 7Se B e (5d)b s latecnon
55080y 955 )8 0l sy 4T ol 5 Cgaol ga 10 g boye (s aS ologlts i il 55y (£5) 5 2 Gobed sl
gy 54 (ts)) cdi g ol labglies (s5llaz gl 0l oo Gioinl ( Sais— i Lo iz 4ol 0 09 b e
eyl oo YO+ ML (g5l sl 31 gy Ly oS5l 50 Sijas 69958 oo aaliiiSy o] el 5 lasony
VA °C slas Lo gl 33 U551 68 5,5 ¥ B 5oy ooty 1,8 ST sl 5 Sy 1S sl sl oS ]
3992 (gl ey S Gl ey g aBools g ST g JoibT Ly (60Y5d hoaxkad (3T (slws po s Sis ] Jlsoas
St lsd anygly oS o3l Ly 5 50 S 000y 2l ) 5o ~Cemmgo] ;i (Swis b A SaindS Y0 "CopyS 0V h
s S ) 9 g DS 553U b glald Sl 4 Uidee o0t a5l Pl (Sasdy L, Bgile ot (L)
25l 5 s 59y 00 S5 iy EDS (slajlil cdly (iliil mlass (sgo] cols 550l 5l 5 039 bgye o]
A S505 el i Byl g3 50 WO, Ll i gy ooy 5l Sl - Sas o0 x5l 5515 TEM 4 FE-SEM

Jlo s 930 ¢ gibligy 53 johud Jusiw] (gio ¢ 5 W5 g i ¢ J LS Lwgili ¢ yianSss a2 glS” SILolS

S Jghmott
sadeghi@iust.ac.ir SS9 5SI ol
(DOLI: 10.22078/pr.2024.5290.3346) : Jiuzgs awlis



ot 8 &
FA-0F aiio IF+T gyl 3 cpy3y3 ITF 0ylod &&-/}2

Suogomas ey (5 adgl s (59595 o
e s 5 iyl oSVl (lac 1S
) ol iy Wl 5 oy Sl L by
a=lio (5,50 s § S diil> Lv] 25,5 oo Juli
=il aS il b o Loy L Yo ane oo
55 o=l 3D i e a0l o T (pgedssl
slogilly 5 goladl slagl; 5l s =S5l ¢l —
sl el e 2Vl L Jlasl 5l 8 Shlee
B g0 4 pls cdi g 50 O byl g5l
3525 Gl CnSS ay poge (TLles (b 1o
31 ool Ly odél 5wy S il 3 a] ol
Sk Sy 05 s ploml cmnilin TS S5 las Sy
adyl s 5 o5t Sl ool Lages sa by
Sloas ol i o Jlie Glg—icds 0 08,90, 1,
5 G sl s s cis i g o Sl
i Ve pth ® 5 (BSEW) o 5 (lisl Sligs, Y
&S i slacasgase 4 o lasbiwl ol adh sl
il H0 Seoi oyl K adyd s Clalyll g s
5o 00l Bl T 5o Jsdoro 5 cl Jolonal 89, Ly
5 555 alS ol el b0 d i oS i
== Glg—ize s BS&W (5 s Lo Sad g
bl (S 0 o Jlemday &g s S S
5| e gl Gl &g, oSty o
Sl ple s9 L (59,65 olonl jl 8 pls s
JUL VI p-F SR IRGUN I L Ay | PR U N S
a5 Cmlossay Ol (Sogl aze cnj late
(e Sl a8 5150 05059, (6 i Al
SS9y sla ol cti 5 (S gladll;
i asle  Solg il axlge )T L piawsST 4
Tl Gy oo s Lpliai o i
w0l o g b slac] Sogll cel asl,
5 e Sl (S Cmylarme o 1) Ol ahal

\.\Jl—u))‘sn [

[\ ‘9 \V] CA_.»|0»)3A.3 6)9)_»5

1. Dispersion

2. Dispersant

3. Demulsification

4. Demulsifier

5. Pounds Per Thousand Barrels

RENCRVEN . |

Aoado
el il e a0l 5 5 Lol en ol s oo i
D9 so Al () See 45y blen g 09 S e
Sasi g oo tadg sl seai Ly 5o 5 5 o0 O
Wmgn He—ba He b0l ea S g Losol>
095 ysiyligl el VLo Loyl oy o iyl
by (hp S plaied Jee L (ol S
b g LaSer (ol Sl o L
53 90 Jlas a5 ol [V ] s o g gal
il 4 Bls 052y i S 0 gliel S50
0Ty o S iy oo | (ST Ll 4
IV] el g 5L S g ToassTy 5L S Jalss
JS—is pls ki i g Jom g glipel Jo b 5o
Sad o0 &) (olKim g 009 BT LB 1 (gand sl
Wik 5 (25 df gl s )3 g Spal byl a5
sosazlse YUy glas 5 Lid Ly oaisis o sl
5 o OlS S ol JLad Jalse (20 50
cdél s Lol gla il 5 S 0,58 U pH
Sy plSds J B g J—o> 5 0y Job o
Lals L o slopysedssl LS5 o] o
LF ¥l el s OT L ol b 5 ooy
S o0sy Sl Ly o ol had oy g sl oyl
90— 3l sloai cu STy, sl scw a g L3 o
(W/O) ((—£9,) ey o (ygmadsal (lg—ioas Lyl
Job o aS slaygdgel [0] wgn o aslis
Cale Lals wig 5 oo azlye T Ly plcds (31,8
o9y 0 2l an |y Ll lssge a8 ai il (glos oy
2 ol Haaadgal 0,3V 5 (O/W) O jo (ég, (W/O)
Lasl e 40 20,5 (gaiaiws (W/O/W) Ol o 029,
sl 50 g o0g o Jle aisS (129 )0 O (grudsal
S5 32U Olie 4 500 glsl oy g5l
L olel o0, 0 O fsdsel LSz [F] o)l
el gl agzrg 5005 oo by 5 Ltd slag s
S gl b 50 (goa e IS s g, 4y e
5 Ylie ;o oo b3S oMt [F] 04t o s
Gl L ad 5 o s Lad s cagass sl



Bl 3 5595 saxo

Slge 39,el 4 L5 [YF 5 VY] il ouis ool s,
oS V0] aslEgs s Sy 0um ol —alise
a9 [V 5 VAL (6 asly slaJig,0mm 5 [YYV 5 V7]
Cwgoo] §98 b w (g3lwoslel gl (glos xS
Jeos o (T olgs ol Sl ol L ccmulonds sols
Sl Caglie aile (ool slaysgaze Lo
Lo )55 5 ooz (silmoslol wyl)f cchns
Sly—o e Jmlio o [V i a s loe cs ) Lo

e @bt 5 (S )l Jdoar (o
Sy L s ;Soshe (o bl b oo
B e A SO 00 4 (gl Lo B
b sy MWL (Same sl S 4 ol
sl s 5 YU 5lliz Lol slason s
lacad b a S o sleols ylsi olallbas 5l (5 ,bun
L smdilice,ms o ol cslgS L i (e
o9y 5l 2l iz Sy s oy 55 Ce s ialS

i )0 S oo Ll (ooie B (o079
3 il vl iy B Sy Se (535158 00

e e290 Oy9—0 4 S Al Bl Ol e e byl

S—hbice 55 Cewglin o g0l )_.uLI S

S 2lEiyles] anllas

J—are J> sl a5 alise Lo g, ol o
oolaiul cxsloa s olpiing s, - o~ ool
s5bas g 039 410,53 (3l azr g Gl Sy -
bz (gl A5 Cgoif)398 5 5 S0l 368
&l gomaz eosl o solaiwl G- 24, slalbglsn
6'_{0;;‘ Aaal 59 é‘a_;o g;s.x)ﬁ-v.l)’ u—f)’ﬁ )‘ oolaul
Sobmas 45 as ase i [VF V] 5,5 sl eag
ol d dvy Swisd 5 el Cols Wy
TR JUEIVA SO LSO PEPPT SR ¥ | BIPAP L]
l—"’-‘—*’r—*—*sﬁ‘r“’dr—**—'sr*—*—*—’*‘ﬁ—"
=l (Sxigb 5 oS sl Sh il (—ols w5 5
5 Vol og b ols 55 589,35 5 (SmsdlGod
aile (ol perls 9 AT 59,008 lge ol ;55107
U‘Hd"’ )l_: U_J9| ‘5‘)_’ as 09g—3 MTJ;;TGL
hns atais SO Ll .abos 8 yme Cmgoo] oly s
o] aS jebylen 45 Sgm iyl olgo Eo= o=l (el
== g ey J5g 0 Bl o aslol ool
e I Y e R g

[V\] 0)‘») Q_c.-‘-s) 39— J_:Lu )é ool cla_w
9 e_;‘ FULY 0\39_3 LS)lJ Lg)l_....o‘d..’> )155)‘@ u»l_...J‘ —
g 4l 8 il slajls o MalS ((s),) (o>

3o B ot 3l Gl (g ] Sl
ST awgoo] c oz (Some olyg e s iyl
Oly—eas o518 slaouS1.o 8.5 )|, S >g5 0,5
954 CUOH), gl L 45 (gl e s o JL

S adis L o Ho0ols o "‘% Lirl/: ’ 9 ,l\“ Y|

)l 3525 Lol (i ely S e e Sy atien
i Sl Gdod g9dge Sl z)lS g gl
ol gy Lo (S9 S B e S G o
S5 s S Ll g i Ly
2 5 g ColB e ulazs 518
5 aS e a5 J> 0 eols i 0g > Sl o
S5 (£9) stz Smpols <35 L5 00 s
S V55 pleS b ols 59, 055 ) (sllas
o295 5 2l @slaslaz 50 0,05 YL Jloz
iy co Ol oamlie S lgeay 0, S 7, lae
JaS Iy a8 5e G jl CBeS O )50

D o Cmilow S g,0ue Ly ofg,y yoe

ol $0lgs i wgao] Cpals [ VY]
38 Elodls ol cwgoo] g wlbegl sl
sa_dodlo g (sla e ¢ T 59,0 L auslis
09y 4 ;S ey sl gl ol @ ds 5 La
Sloagie 039 ;5598 (S ek slaig e 5l =
aisged adsl anle Ly L agzlse ;o (6,Spglie
= Obzen s wsilaliz a2 i 5l e
o= S Las 1) 0g 5 Swgoo] cols clys
S N5y Jeeiliy L iz g aa Sl o
—ol gilmlas Gl s 81,5 asile 095 ol



*? :, 3

Y )Lad Dot )0 i 5l Gy 00 03, 9,2
g oo Jinie VA "C sled (g9, 00 it 9 4y
SLL 5l e aoile (BL el sl o] Ho Y h Soea
NS 551 0 oo (glos 4 ah S g STy
Lo g 0l oS g B b (90 5l i 0083,
Dl g )0 00,8 sttty ol 5 05iges o
Seis 3L sles o pin Slas v i Gl

il S a8 S0 00 STy 0l
NaWO,+2HCI ->WO,+2NaCl + H,0 )

T (w2 g Sy

FE-SEM ‘s)b).gﬂya’i
d\_fod._wwl_w)_.l.JB'ale._ASEMﬁgtm
S35 5 ot S
ools plzd ) ISl jo adl g0 SSjus Jiwl e
ooled a9l gm0l

oole & 9_’ 3‘Bl_> g;h\-’j—“’)-’d At s
oddsaindS ()T CBlaite 5 Jloigyaan by, 4o e
S92 O 9,8 0 k3 (el agl (6 Sojluil L
SRRSOt S NV D SN I R AP
H@'a—w)—’))oauL&)—‘““—LJd"’ub—i“
S SaSa L amolyl S walay o i bg
Dy aBgle e ghw ) 503, Sogmo (5Ll

scanfll SEmmAG: 200 kx Det: InB
WD: 5.17 mm

View field: 1.04 pm  Date

FENTIpUER

pdolojl sy

3lgo

CAS 10213+ z ol -LX ) asl,0ie Sl uSsS uaw
CAS 7647- g ol T-LeS ) ol S ,00,15 (10-2
CAS zu, L) a5l juus sl SILLST(01-0
Ol (J9bl coai 0105009 ylaie T (6153-56-6
Ol 5 Spas il (5Se O aYsd is g
Al eolawl s Koo Loy

W leST RS Gindig b e (5 jlweslel

ey Ole—ea SAlES ooVs S i
00ls gt yiwl g 03wigs ol L  Hlgie & jgoas
A o G A Sl 3T sl o g 00l
Lol lg=i S 6 9k o 005 45,0 )« 0 em? Slalad
O g—ods DS gl (S 0oz s 35as &j5o
mol loae . iloaSs i Sly B, b g0 ool
Sl YO mL o lol 4l oue Sl wlis gow +/+ Y0
Sl SIS Jg oo (s 00 B> 05 i
pH L o—sadlsl o] a0, lado had &y 0ty Y M
YO mL U5 Jodowe pom (s wdno p ¥V d Jodone
S_JSIVNG 8 5 0y 58, IS 53l gz o5lolay
Ol L aBa8lal (3502 (e ()] 4y
Ol lesay WSt il S05 Sl el gassls
sl e STy Jslve Gls—isar (gl
4S5 Heboles Jeiul e aBoslitul Jlo 5y 0
Wl S5 (G335lS (gl 5o o 0Ll

D2 =41.69 nm,

9

*wuw‘q) (7 S50 il e (59 00d JoSid [zl plw (@ pls Sojas Jiwl e (Y SIS
s_f_t)M o | Yoo (59 = 0O L Ses )tl.'}Lwy'U

1. Underwater Contact Angle
2. Morphology



Bl 3 5595 saxo

ol agl S ol GISsl g zrge ol tylos]
agly Lo yo 0095 09250 (053 dngly L) Sl
G 2 (59 b (5 =S ol Sl el
Cilien b ;5 ol (sl olaitygly (omeSils
slael a5 so_bawlrs ¢ (5,03l Liwpaw g9,
lodds (5,55 ) so o dbogsye

EDS ;JUf

=2 S5 Gl i) EDS 5Ll o
3 aS YL > ol Gl s dbges (eSS
B ey Lo a5 2 595 A coadoololas ¥ IS
J—B abbg 10 EDS log—os 3 5 (iS5 &l)3930
y—olie sa_doslolas b o ol a s
ol ol e B8 ST g XS

sabaislo (o «Sleds (A O 5 eled gl (6 puSe il ool aileles ¥ S

s oSyl anlllas

o9 by s e )3 e Al
Mrle s SaSay 5 00l (gl eSe Jlims
3 4mgy Ol g o dslre (4 Silee j5-boa; Image]
ablw s (|, 6 =l xha
agly ol gl ¥ Si jo eals ealy ylid
ool 3,50 ST 5y 5o i (55, OS2 els
2l wles aly T S e e85 18
G i 5 ol S il e g5, 91
o=l 5l e je b len Laulonds osloylis jlo gy

. 5 1‘7Ln LS‘LQ‘ 3

G $9) S 9y eled agly Salay S8
a8 Sl (5 5k3 59, Al Sl Sz S (S el
39053 3500 (Vb Jlas (A0S (o809 S
O (il (AR (8 g S A S (5
Sl L aS bl ol ol (wled gl o

R RN ]

b2 69, (ol gl Dacs Ghls il 6, (@ ol el e 59, (G O 5 50 (3R pulas angly ¥ S
Yo oz wad gl

<l s 0 2 sy OFe eled sbilsy slalie ) Jguar

) S &9 () <l 25 5 olos a5l
) S NS
Y RV PSSP SNE I VATV
Y YU 23508 SV L e HYYA




o« s &
FA-0F aiio IF+T gyl 3 cpy3y3 ITF 0ylod &&-/52

[EVEREN LY. )

pasisl

o ol (Kev) le

wigal )s aslmS) Him ST Ghd gl

JEIVED 51 DI NEE-NEN IRCOI <+ VO 1 RUA Y HFUEIN PR (1 PRWAPVES WCT R S 1) g L

BRIRTY WELE DRL{ DU I W S Wy P 8 (PSR S J
10020 (dBardloaSs g4 bge YT h ooty S o
}‘w—.ﬁ. ‘r’] — )—‘J-'-9 $9) Q‘}—i‘” u"L"S 4—.’.5‘5
S ‘S—’G“‘b aS o Lg)_xfo)’k\j‘ Yfh 0,90 &

S5 ST go,5 3L ) TEM g & JSib
Sjas Jil e (3 o0 eSS

S S0 Glaay ibe bl ) a adliocpl yo
Ay Q—l Ld, o oo bazls p S Sjus Juu!
alaxdo gdg 4 Ol 1) 40 (55— S(Cui) 29,
ol hwg (Solwa Sjus i wl (o 0
shld oilwarny ol Jlssa 5 Jlosyig,oun
‘05_{:)@ o.))_gs)é g.)" )O A_Tksoli& 45 K wy
Ot led g0 280 05 S5l (659,55 000 5LS
aS ololis s c.'a_..) yoo gy )'_3JL3—| 5 Olax_in
od—d JoSid glal s LS wgil e (65

s 53531 Lo yo 55 5o S Ul el ;S0 03
e 0 ol olie v jocS 5l SiKlw
D2 oo LS 1) ea b6 lo paiges S >S AU
cstpliion ol ais Jloges o ol slial a
SemeST Lo g0 s 3500 500 (—Eg% 5
PURNEVISNI-ENUPI | o f GOV SV S I JRICEIWR <%
FVEe Jlogyned STy 5o eSS dST 4
o ailaw ,uld S JBTE ST jo o wiomen el
PR SV SR VWA I . PN g S O WA g BP0
gl 0 el sa il ools Lis LS EDS (o b
S55—98,50 0ol ool Las & IS ;0 S TEM
J.u__w‘ UM_.A S9y— onL?u‘ u».‘._..a.uy )L.>L_~.:5.sl)
Ay Sz (9o Ql)és_EUQT B g SSjas
wloads oolo )il Fe—dgdy at i

sl 9 (Sl (5,0l

S—S ol Ly sasasle ,ols SGSG (g lasl
ol 5 50 s g9, o)X 0, a8 a5 asgl;
Seig—wl ol sl ;0 Ve h Soeay ;s 4 STl
el S35 oY o bl s ca_dosls,l 3
Cii ol ) 0 g Cewgao] s, sodasle s
DS b 6yt g D9 ) 053 (25 %)
s 00l 0310 i gy e ddged (oliend Cnglio



md|)l$mb56)9édm ).._._u‘_s_a:l.imuj axJlas

L8y wlgion g 0ogmpslia g ol s plod sl 5l S0 ol g 4Bl Rl e e (59,
3, 45 (wgdol AV 5l (S, 0g s (Swis s 5 S desle ailioo Of iy 30 655 00895
aoled i mgra adleel Giagl 0,3Vl g ol iey e s (el (e

5 SeilSo , 51 lo gy e cnl)] (msgo]

&=l

[1]. Matijasevic, B., and Banhart, J. (2006). Improvement of aluminium foam technology by tailoring of blowing
agent. Scripta Materialia, 54(4), 503-508, Matijasevic, B., & Banhart, J. (2006). Improvement of aluminium
foam technology by tailoring of blowing agent. Scripta Materialia, 54(4), 503-508.

[2]. Goodarzi, F., & Zendehboudi, S. (2019). A comprehensive review on emulsions and emulsion stability in
chemical and energy industries, The Canadian Journal of Chemical Engineering, 97(1): 281-309, doi.org/10.1002/
cjce.23336.

[3]. Issaka, S. A., Nour, A. H., & Yunus, R. M. (2015). Review on the fundamental aspects of petroleum oil emul-
sions and techniques of demulsification, Journal of Petroleum and Environmental Biotechnology, 6(2): 1, x.doi.
org/10.4172/2157-7463.1000214.

[4]. Zolfaghari, R., Fakhru’l-Razi, A., Abdullah, L. C., Elnashaie, S. S., and Pendashteh, A. (2016). Demulsifi-
cation techniques of water-in-oil and oil-in-water emulsions in petroleum industry, Separation and Purification
Technology, 170, 377-407, doi.org/10.1016/j.seppur.2016.06.026.

[5]. Daniel-David, D., Le Follotec, A., Pezron, 1., Dalmazzone, C., Noik, C., Barre, L., and Komunjer, L. (2008).
Destabilisation of water-in-crude oil emulsions by silicone copolymer demulsifiers, Oil and Gas Science and
Technology-Revue de I’IFP, 63(1): 165-173, doi.org/10.2516/0gst:2008002.

[6]. Abdulredha, M. M., Aslina, H. S., and Lugman, C. A. (2020). Overview on petroleum emulsions, forma-
tion, influence and demulsification treatment techniques. Arabian Journal of Chemistry, 13(1), 3403-3428, doi.
org/10.1016/j.arabjc.2018.11.014.

[7].Liu,J., Li, X., Jia, W., Li, Z., Zhao, Y., & Ren, S. (2015). Demulsification of crude oil-in-water emulsions driv-
enby graphene oxide nanosheets, Energy & Fuels, 29(7),4644-4653, doi.org/10.1021/acs.energyfuels.5b00966.
[8]. Kang, W., Yin, X., Yang, H., Zhao, Y., Huang, Z., Hou, X., ... & Aidarova, S. (2018). Demulsification perfor-
mance, behavior and mechanism of different demulsifiers on the light crude oil emulsions, Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 545, 197-204, doi.org/10.1016/j.colsurfa.2018.02.055.

[9]. Yi, M., Huang, J., & Wang, L. (2017). Research on crude oil demulsification using the combined method of
ultrasound and chemical demulsifier, Journal of Chemistry, 2017(1): 9147926, doi.org/10.1155/2017/9147926.
[10]. Osuji, L. C., and Onojake, C. M. (2004). Trace heavy metals associated with crude oil: A case study of Eb-
ocha-8 Oil-spill-polluted site in Niger Delta, Nigeria, Chemistry & biodiversity, 1(11), 1708-1715.

[11]. Nordvik, A. B., Simmons, J. L., Bitting, K. R., Lewis, A., and Strem-Kristiansen, T. (1996). Oil and wa-
ter separation in marine oil spill clean-up operations, Spill Science & Technology Bulletin, 3(3): 107-122, doi.
org/10.1016/S1353-2561(96)00021-7.

[12]. Gossen, L. P., and Velichkina, L. M. (2006). Environmental problems of the oil-and-gas industry. Petroleum
Chemistry, 46, 67-72.

[13]. Liang, H. W., Guan, Q. F., Chen, L. F., Zhu, Z., Zhang, W. J., and Yu, S. H. (2012). Macroscopic-scale
template synthesis of robust carbonaceous nanofiber hydrogels and aerogels and their applications, Angewandte
Chemie International Edition, 51(21): 5101-5105, doi.org/10.1002/anie.201200710.

[14]. Cao, Y., Chen, Y., Liu, N., Lin, X., Feng, L., and Wei, Y. (2014). Mussel-inspired chemistry and Stober
method for highly stabilized water-in-oil emulsions separation, Journal of Materials Chemistry A, 2(48): 20439-
20443, doi.org/10.1039/C4TA05075D.

[15]. Lee, C. H., Johnson, N., Drelich, J., and Yap, Y. K. (2011). The performance of superhydrophobic and
superoleophilic carbon nanotube meshes in water—oil filtration. Carbon, 49(2), 669-676, doi.org/10.1016/j.car-
bon.2010.10.016.

[16]. Li, H., Wang, X., Song, Y., Liu, Y., Li, Q., Jiang, L., & Zhu, D. (2001). Super-“amphiphobic” aligned carbon
nanotube films. Angewandte Chemie, 113(9): 1793-1796.

[17]. Yuan, J., Liu, X., Akbulut, O., Hu, J., Suib, S. L., Kong, J., and Stellacci, F. (2008). Superwetting nanowire
membranes for selective absorption. Nature nanotechnology, 3(6): 332-336, doi: 10.1038/nnano.2008.136.

[18]. Cao, Y., Zhang, X., Tao, L., Li, K., Xue, Z., Feng, L., & Wei, Y. (2013). Mussel-inspired chemistry and mi-
chael addition reaction for efficient oil/water separation. ACS applied materials & interfaces, 5(10), 4438-4442,



ot 8 &
2 . n a & Lad N . .
fA-0F axao NFY k.ﬁm.Q.f.lé)‘ 9 (10)9° VY o)l.o.w VM/; ;‘“‘bsf Jlo

doi.org/10.1021/am4008598.

[19]. Aulin, C., Netrval, J., Wagberg, L., & Lindstrom, T. (2010). Aerogels from nanofibrillated cellulose with
tunable oleophobicity. Soft Matter, 6(14): 3298-3305, doi.org/10.1039/C001939A.

[20]. Jin, M., Wang, J., Yao, X., Liao, M., Zhao, Y., and Jiang, L. (2011). Underwater oil capture by a three-di-
mensional network architectured organosilane surface, Advanced Materials, 25(23): 2861-2864, doi:10.1002/
adma.2011010438.

[21]. Liu, M., Zheng, Y., Zhai, J., and Jiang, L. (2010). Bioinspired super-antiwetting interfaces with special lig-
uid— solid adhesion. Accounts of chemical research, 43(3): 368-377, doi.org/10.1021/ar900205g.

[22]. Zhang, F., Zhang, W. B., Shi, Z., Wang, D., Jin, J., and Jiang, L. (2013). Nanowire-haired inorganic mem-
branes with superhydrophilicity and underwater ultralow adhesive superoleophobicity for high-efficiency oil/
water separation, Adv. Mater, 25(30): 4192-4198.

[23]. Crick, C. R., Gibbins, J. A., & Parkin, 1. P. (2013). Superhydrophobic polymer-coated copper-mesh;
membranes for highly efficient oil-water separation, Journal of Materials Chemistry A, 1(19): 5943-5948, doi.
org/10.1039/C3TA10636E.

[24]. Jinlong, S., Shuai, H., Yao, L., Xiangwei, B., Aritra, G., Ranjan, G., and Wenji, X. (2014). Self-driven one-
step oil removal from oil spill on water via selective-wettability steel mesh, doi.org/10.1021/am505254;.

[25]. Li, H., Yin, Y., Zhu, L., Xiong, Y., Li, X., Guo, T,, ... & Xue, Q. (2019). A hierarchical structured steel mesh
decorated with metal organic framework/graphene oxide for high-efficient oil/water separation, Journal of haz-
ardous materials, 373, 725-732, doi.org/10.1016/j.jhazmat.2019.04.009.

[26]. Li, X., Zhang, W., Liu, N., Qu, R., Wei, Y., & Feng, L. (2018). Superwetting copper meshes based on
self-organized robust CuO nanorods: efficient water purification for in situ oil removal and visible light photo-
degradation, Nanoscale, 10(9), 4561-4569, doi.org/10.1039/C7NR09201F.

[27]. Deng, W., Long, M., Miao, X., Wen, N., & Deng, W. (2017). Eco-friendly preparation of robust superhydro-
phobic Cu(OH), coating for self-cleaning, oil-water separation and oil sorption. Surface and coatings technology,
325,14-21,doi.org/10.1016/j.surfcoat.2017.06.040.

[28]. Manna, U., & Lynn, D. M. (2015). Synthetic surfaces with robust and tunable underwater superoleophobic-
ity. Advanced Functional Materials, 25(11): 1672-1681, doi.org/10.1002/adfm.201403735.

[29]. Liu, Y., Yin, J., Fu, Y., Zhao, P., Zhang, Y., He, B., & He, P. (2020). Underwater superoleophobic APT-
ES-SiO,/PVA organohydrogel for low-temperature tolerant, self-healing, recoverable oil/water separation mesh,
Chemical Engineering Journal, 382, 122925, doi.org/10.1016/j.cej.2019.122925.

[30]. Chen, X., Chen, D., Li, N,, Xu, Q., Li, H., He, J., and Lu, J. (2019). Durable and stable MnMoO,-coated
copper mesh for highly efficient oil-in-water emulsion separation and photodegradation of organic contaminants,
ACS applied materials & interfaces, 11(26): 23789-23797, doi.org/10.1021/acsami.9b07091.

[31]. Yu, Z., Yun, F.F., Gong, Z., Yao, Q., Dou, S., Liu, K., Jiang, L. and Wang, X. (2017). A novel reusable supe-
rhydrophilic NiO/Ni mesh produced by a facile fabrication method for superior oil/water separation. Journal of
materials chemistry A, 5(22), 10821-10826, doi.org/10.1039/C7TA01987D.

[32]. Ahmadian, H., Tehrani, F. S., and Aliannezhadi, M. (2019). Hydrothermal synthesis and characteri-
zation of WO3 nanostructures: effects of capping agent and pH. Materials Research Express, 6(10): 105024,
doi:10.1088/2053-1591/ab3826.



