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1. Stimuli-responsive Membrane

i, e

doddo

Osmmdgal (rizmad 5 (£ 5 ol byl (gllar
&) 55 bl 28 e Gy S plge s ]
S o0 Ll (g laolny Ly s o NS e
(sio sl 5l ol s sl [V
Sl e oS LS 5 5l 6l 95 Jds 4y
Elor Ol B s 5 o slacan] s 0B
S 68yl o3lasil o wizen V] S o )y Sl
Silmlaz (s g S wlile po Sds Ol a8
slaSam Ly ol g5 ol 5l Lag]
cale, L ol dia sl 0 S o ol pon (g
Slo fimw sl by ey slasluliul
g Sldsil (g S S (dz (S ks e 0,5
DV a5 15 oo )8 eolaial 0 )50 S 5lgm ol
Shgsaie glo iy L La iy, ol e ol L
Bran ol 2 ldes o Sazy 4 lex
wlie 3)lye g a9l Sog TN ol ol (55, ol
L bde lails ol gas aS s g4,

Sy e jl o blax 9 65,5 )0 (252450
S B - BV KCS A g | EVEEL S S Y
3l S= plse am vogdlae 3, Shoe 505 Sgp
S go ABlid Ol aaal o Loy, o 5 e
Sly—s ( Swig—i 5 sloa Sy ool o [V 0]
Olssse b ol 5l gy silomlaz jo ool ul 55
13,5 gaaiws Lslog, 5 g3 30 S o ba
e Sl [T L3 m Slgs g oo S 2lb Slgs
(38 sla,g adex 5l ip0 S Sloo o, Sles
Sr=Sone o v rhy sbolis 5 (Alws SLI
S P g i 0,8 4 pazie (Saig by
@ gazba pdBall) (29, L oD el sbaslé
S oo Jeted 15 518 50 S5 g3l o 5 ol
SLas)g (3,5 Slo sl ca iz glgsl plos o
Y (Sl bl 5l )ls 55 0 ds amy s5-18
sla S plyear ol Lo by Jlow jome ol
o9, @iz Lo p)l5 0wl 5 culie



Hop g Soli (sguge dlla

Sl Sy 5 bl oa S o bl an aag b
J—slse gy cgilmlaz o, Slas jo Lid o
SN0 loimg Cmenl Sl Lo Fhg =l She
o Jasl hde Cealiis (e oyl o e
(olS sl el 5l (S g A Lid s
= soiins ;3B (g Selins 08l e g ybae
b (s bme i ke ool asile (ola S
o=l TN VT o)ls Jlow y9ee )L SN
5 0> 050l ialS Ly Jsano j5 b g el
Syt g0 9l o0 4T Eal ol ot (5 ) il
Jb o=l L osd gilvlas ool sl )l g Saisi )i
e Slasl L
Sy IS 0, Slae Cil 5 (5,50 L il ibls
Sl 0l oo el Ceslrs (pizmen olo
Lig (60 ,Slos plgo g ools iol3dlly il Sl
ol S el Jlets Sliles Ll b 0 )
50 e aY cabies 5o g o aalllae
o Shee ulS sloa Sy = b=y =6
Cpols g (o (655« Sile 5yl alex
relats Ly ctmgiy ol 5o (V] o)l 65— Solggd
Olsme an olaend JLou (20 oy ai T ls;
Gilwlaz ool aily wesls J S Jle
o=t = 1y Jod B o, Shes 5l 5 s e
o=l oS i polas colaiwl a s > il

rE PR SR - BLIPNI R

3ot a8l as ol i o s (s
ol g Limdg cadlad ioals el ienls o>
Solied 4 S b )3 0eb o0 Jlow 59— )L
S g ()5 Bl A ;i SBLS
llozr o Slas 5 oo olsel Saisd i Copols
Glasllas 0 020 o )13 2w )_ul.; Sz |y
slalie gl 51l 5 Gaegls— s
52 slapsdsalsil silvlaz 1 (ol e alls
ol s iyl ol gl IAL a2
Lo e jlols Jld Y cslbs jials 4 s
Sed a1l Gl an ;o gl oojle

1. Janus Membrane
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1. Sodium Dodecyl Benzene Sulfonate (SDBS)

2. Krosene

3. Amino Ethyl Amino Propyl Tri Methoxy Silane (AAPTMS)
4. Cationic Methylene Blue

5. Celestine Blue
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Table 1 Effective parameters on seeding by immersion method (S,)

Assigned

Parameter levels
letter

Parameter

Preparation condition

A zinc oxide
. A .copper oxide .
A,: zinc oxide and copper oxide
composite
A,: copper oxide and SPAN-60 com-
posite
A,: copper oxide and SDS composite

A Composition type

A1:0.02 M zinc acetate and ethanol
A2:0.02 M copper acetate and ethanol
A3:0.01 M zinc acetate, 0.01 M copper ace-
tate and ethanol
A4:0.02 M copper acetate, 0.15 g SPAN-60
and ethanol
AS5:0.02 M copper acetate, 0.15 g SDS and

A copper oxide and Tween-80
composite

ethanol
A6: 0.02 M copper acetate, 0.15 g Tween-80
and ethanol

Immersion time
(min)

B,: 40
B.: 60

2

Number of seed
layers

C:

5

3

oNeNe
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Table 2 Effective parameters on seeding by thermal oxidation method (S,)

Assigned
letter

Parameter

Parameter levels

Composition type

D,: iron oxide
D,: iron oxide with chemical etching of the oxidized surface by hydro-
chloric acid (0.5 M)
D,: iron oxide with chemical etching of the oxidized surface by am-
monia solution (pH=10)
D,: iron oxide with surface modification of the seed-deposited iron
oxide by ethanol and stearic acid solution (0.05 M)

D.: iron oxide with chemical etching of the oxidized surface by hy-
drochloric acid (0.5 M), followed by surface modification with ethanol
and stearic acid solution (0.05 M)

D,: iron oxide with chemical etching of the oxidized surface by
ammonia solution (pH=10), followed by surface modification with
ethanol and stearic acid solution (0.05 M)

Thermal oxidation temperature (°C)

E,: 300
E,: 400
E,: 500

Thermal oxidation time (h)

FI: 2
F,:3
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Fig. 1 Comparison of the influence of key factors affecting seed layer deposition by immersion method (S1) using bar charts:

(a) type of Seed layer composition, (b) seed layer immersion time, (c) number of seed layers.
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Fig. 2 Comparison of the effect of factors on seed layer deposition using thermal oxidation method (S2) with bar charts: (a)
type of seed layer composition, (b) thermal oxidation temperature, (¢) Thermal oxidation time.
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Table 3 Parameters of copper ferrite growth on stainless steel mesh.

Assigned
Parameter Evaluated type/ amount
letter
A Molar ratio of copper nitrate trihydrate to iron 252.15.1.05
nitrate
B’ Growth process temperature (°C) 100-250
C’ Growth process time (h) 24 .12 6,3
Ammonia
, S Urea (molar ratio of precipitating agent to iron nitrate: 2)
b Precipitating agent type Hexamethylenetetramine (molar ratio of precipitating
agent to iron nitrate: 2)
E’ pH 8-12
F’ Final calcination process temperature (°C) 400-800
G’ Calcination process time (h) 6,2.5
by syl (il ane sl ley S yo el Sy ialesl (Hb ¥ Jgae
Table 4 One factor at a time design of experiments for optimizing the growth parameters.
Optimum
P t Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 "
arameter ep ep ep ep ep ep ep condition
Molar ratio of 0.5
copper nitrate trihy- 0.5 0.5 0.5 0.5 0.5 Variable g 0.5
. . (optimum)
drate to iron nitrate
th 130
Girowth process 120 | Variable , 130 130 130 130 130
temperature (°C) (optimum)
h
Growth process | v ioble | 12 12 12 12 12 12 12
time (h)
Precipitati t| A - A i
fecipriating agen m.mo Ammonia | Variable mfmma Ammonia | Ammonia | Ammonia | Ammonia
type nia (optimum)
pH 10 10 10 10 Variable 10 10 10
Calcination tem- .
aemmation "em 600 600 600 600 600 600 | Variable 800
perature (°C)
6
Calcination time (h) 2.5 2.5 2.5 Variable . 6 6 6
(optimum)
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Fig. 3 Comparison of the degree of influence of factors on copper ferrite growth using bar charts: (a) molar ratio of copper
nitrate to iron nitrate, (b) growth process temperature, (c) growth process time, (d) precipitating agent type, (¢) pH, (f) calci-
nation temperature, (g) calcination time.
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Table 5 Final experiments for specifying the optimum sample of copper ferrite coated Stainless steel mesh membrane.

Sample | Preparation condition | Seeding condition

Copper ferrite growth condition

O P S

2 2 2

Molar ratio of copper nitrate trihydrate to iron nitrate: 2

Growth process temperature: 130°C
Growth process time: 12 h
Precipitating agent type: Ammonia
pH: 10
Calcination process temperature: 800°C
Calcination process time: 6 h

1. Optimum (1)
2. Optimum (2)
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Fig. 4 Overview of the processes carried out in the preparation, seed deposition, and copper ferrite growth stages.
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Table 6: Comparison of the prepared membrane with reported results of similar articles.
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