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Electrochromic windows with nickel oxide film design and fabrication
provided by spin coating and with different anneal temperatures

Farzane rezaei, seyyed mohammad bagher ghoraishi
Kashan, university of kashan, Department of Physics

In this study, electrochromic glasses with NiO thin film are fabricated with using spin-coating method. The
structure of Glass/ FTO / NiO / electrolyte / FTO /Glass is used in this paper. A thin film of NiO is deposited
on three of FTO and annealed at temperatures of 250, 350 and 450,C. then the electrochromic cells are
fabricated by three another FTO and the electrolyte is injected in them .The voltage is applied to the samples.
The switching time and transmittance are measured and the results have been compared with together.
Keywords: electrochromic, nickel oxide, spin coating, switching time

$Y)
05l s> HEWWW.OPSIIE cyles o a5 el Jliel s 5,50 55 allie oyl


http://www.opsi.ir/
http://www.opsi.ir/
https://www.opsi.ir/article-1-1536-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

VAP age Vo) Y

Se09,59 5 Jobw el Y

FTO) L) st 5o 5l SogSsishl Jobo 2ol ol
0T 0l i a5 joblen Wil 51 (So (55, 45 el outiosliiul
alewgas 1,0 laisg, a5 Koo il 5 Sl ons Slis Y S5
Sk Y S gabwgay 5o (nl il Y aas eadolml 4
Ly 5l aspe e il Vi) olal 4y oape a5 (sl caisSTas
sl JI5 sLad 13 ares 0 sdilinz 18 il oad o )]
Gy VsV WIS end s xSl ais) Gasb 5l sl e 0ns
FERANC N RN APCEA IPHORNCHN L | SCTRE WS IS RS,
ez 3l oslial b aij; iy i8I s 5l 6T ol sl

A Ay Sl 53)le 5 (Tl (25 05Le 93 I (Dogle a5

00 Eliges FTO g pcral 51 (g o9 1) U5

w3l ST ,iSIl gloJsbos 51 gpmslai ¥ 5 ¥ 0 ¥ sl JSs 4o
RO P o.)‘.)u LJ}Y’/\“ U9 JLo.C‘ ‘«.\JUBJJQM

sbo b o5 > ‘sal‘w aY gy 4 awwb Jobes (1Y JSs
Ul (o Gy ! 030 1 Seios 43 VB
g YV 5Ly Jlee! 51 G oaisazsle

=) o

oo b ot Sl A g, a sasansle Jslu (I Y IS
Jobs (@ Gy Jlosl 90 S Sl 4z 53 YO - e 5L
ey YIY5Ls Jlosl 5 g sl

< =

Glos b i > las Y by, 4 easansle Jshu (Gl1F S5
sko (0 Gleds Jlas! (30) ol S a0 F+ 2y
ey VIY5Ls Jlosl 5 oy ool

YY

Olp! Sgigh (5,9l g (cwsdige il S (e Sigigh 9 Sl (uil S (el 9 G

doddo -

e Gz ol 53 Gl 02 2N e Slegdes 5 (S
7 o ke B o sl ol W1 Sl s (5
Cpe Malgh dlnl (£95 093 &5 Sieg )9 ySIl slaaiad
Lolis mals B yb 5l (6551 S pan palS 4 (SLLS SeS W oo
D sl oo plessle J30s olidy, 5 Loy (il 5 g
P oy SaSy Slpdi Jold @lye Soeg SoSUl laonsy
S sl 5l GA6 wsle o (B 5 @iz wdlid) 9 el
Galf - last STy S Jol> g (oS Ol b Gl
by S a1 4 25 abaly Gy 51 STy el [Y] el
)

NiOH + Ni(OH)2 NiO3 +3H+ +3e-

Jo obbollins ;o it slaoslain! ahuly sbajls oSl
Sy S oSl glo ated (alerds 2SI Gl Jsbo oyl
IrTss s b yguces o b 55061

s NDO. NiO M0O « WO3 Julss J1,é Sog 2SIl slge
SIS Slye Slyie 4 ol J) i o5 [Fll 5,8 15 4,50
@ Ll Koo i g NiO Jolis (pualS > j0 00y () X,
WO3 Jelss ((asleST s 55 oud (55)) (55, o] Slge olgas
[&] Xl oalls ey

sl cdl> 10 5 K o 5 Jlasl g clls o USG5 ST
[Fleat o5 (6l osd 5Ldg

Ay Jols a5 ols 0929 NIO Slasay sl ibie sloig,
el (Gl G g S p9abst (S xSl

i lo3l Slgo g gy =Y

3 Vae /0 Sliwl S5 ol (S5 aunST Jole g jglaieas
Fyo Felishen IV G g 0t Jo Joill (cnSgte il Lo V-
i dewg cels SO Gae 4 g ab wdlal ol 4 el Jgil!
Y hls bas i dadiges ol jolateds 0b 00 o8 (gunbline
sy ke O wamgs L 15X2BMM° L FTO
@ plaS e (Sgold ple> )é;héne' 5585k 5 (23T il
4z 0 VY- gles jo Culpdye g wiad ools gacincds 4o Y+ Lo
oliws 51 eoliinl b wius Sis 4 ds VO S 4y o le
Sl Y wisgy ot 4t S5 a5 FTO aw (59, b 4w sy
a0 fo- 9 Yo ‘Ya’sl.cd o Lasmjl ») u.:‘ B AW Fl?u‘
olRiws 3l eolaul b aials Cou il ands FO Sae 4 ol 5 sl
S5 b surface profilometer olfws) g miwcwbs
Saie a5l (g pFeslail 4Y Culbs (gl Ve CBo by Siew
Gy yshte 4 K0 FTO s s sl sy jiogl Yoo ]

00 8 FHlyg e o 1V ka8 4 4t b o] g STl

a3l g yss LEWWWLOPSEIE culs )5 a8 ol el ls 50 5 allis o)


http://www.opsi.ir/
http://www.opsi.ir/
https://www.opsi.ir/article-1-1536-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

VAP e Vo1 Y

Ohgy 4 o SLas Y wiges 5l eadass S AFM yeai v JSs
ol )5 (Sl a0 YO+ coyjb sles b g iy

o8 gl 4z 2 YO coyib sl b g pis >

9y 4 oo SLid Y diged 5l eadans § AFM g 4 5o
ol 5 sl a0 FO oyl sl by ois >

el ooy -F-¥

MgS s by Oloy 1) Wged (ol Koo o8 (K pley e
sSshol 5 5l siosis Jald BT olKius ) eolizl b as
Ol Swileds glas Ve U 0 a5 a6 uSojlul ladiges sl

ol | — > D

59507 olKs 51 Seslass slas ) IS

BT aS joue Dlyss do )0 Ve gl Foly o s sl
ol loj5ls loged jo 5Ly (gaiiion g aeS loj
oanlice VY o V) slo S jo lej—5kdy sl loged .ol el

g 0

FYY

Olp! Sgigh (5,9l g (cwsdige il S (e Sigigh 9 Sl (uil S (el 9 G

oud aslw b Jokw 5 Sojlail -

XRD ;JGT -f-)

ool 45 54 o odlive & Kb 4y 455 b a5 s a8 5§ XRD
ol &S cal i Sy a glls oo Slis Y ISS alST

odbploul g jody T 4B 0 5 00g ol (5551 Billas b Sy

:qd“! A NiO

3
=
F

NG

o i IS5 ST osbe I XRD Jsges b ISt
Ggee b -F-Y
Slr @957 90 S egigd Sl oliws Sl eoliiul b jgee il
ooy Jagll VL g gl VYo e BYFe (2ge Jobo oS
Slis Y S5 oSt s 5l e e £ USE 50 el ol
azy0 FOe g YO YO coujb slales L g FTO (g9, oo
el 0 o0l L g Jsb e 2 0l Kaibes

350/
— 450
70
60
A 50

T T T T T T T T T J
300 400 500 600 700 800 900 1000 1100 1200

() g b

oo glas Y IS wuST s 5l jeue Oy Jloged 18 S
Sl ax 0 O+ 5 YD YO eyl slalo L s FTO 54, 5

ol 8

(AFM) b bl &3y, 56T -F-Y
0eST &Y 5 358 e oomlie & g A Y sl IS5 o a5 [sblen
56T o5 il azyo FO¢ 5 YO YO couil gloles L JSS
Ve i by guily 5 Sy 0nSile &5 0 i85 AFM
el eyl les o8, Yo @ jo el jtegilh O 5 YA

ol oas &Yl b FESeS,

0l sy HEWWWLOPSIIE cyls o a5 conl el s 50 5 allio oyl


http://www.opsi.ir/
http://www.opsi.ir/
https://www.opsi.ir/article-1-1536-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

VAP e Vo1 Y

Glass/FTO/NiO/electrolyte/FTO/Glass ,tsle L
el s @y azei JB s

¥ a5 Jsko sl ooel caws s ul ooy s o lid @l
sl 00l CBy b oS il 4z 0 YO gles o o IS5 0]
il a0 FO. sles jo .l 00gr 10,95 5 (g 5eS polis
s B USS Geb mizen 9 09 52U aul Gley polie SIS
Jobo a5 Ceal ()] (Ge & 0l g 0t osalis ()] 53 (wgane S,
o sl Joboo <35l slod (nl b oats sl

S5 ezt -0
Sk glo b iy (hg) 4 ead aBle Jolw aSul 4y ax g3l

sladob ;K00 4 S (6565 Gl plej 8 (File 4z 0 YO
50, 85 le ax 0 YO- conil slabes b oads asle

T coysl los Lboad aisls Jsho (19505 llas (izen
o8 il 4z 0 YO los a5 caS lgiw ol )5 cole ax o

oo Sl (252 Ghg) 4 Sl AY (sl ange les e

YW

&l -F

[1] L. M. Bertus, C. Faure, a. Danine, C. Labrugere, G. Campet,
a. Rougier, and a. Duta, “Synthesis and characterization of
WO3 thin films by surfactant assisted spray pyrolysis for
electrochromic applications,” Mater. Chem. Phys., vol. 140,
no. 1, pp. 49-59, 2013.

[2] S. K. Deb, “Photovoltaic-Integrated Electrochromic Device
for Smart-Window Applications Preprint,” no. May, 2000.

[31 P.M.S Monk, R.J Mortimer, D.R. Rossensky,
Electrochromism: Fundamentals and applications (1995)
Weinheim, VCH.

[4] Grangvist, C. G. (Ed.). (1995). Handbook of inorganic
electrochromic materials. Elsevier.

[5] Moulki, H., Park, D. H., Min, B. K., Kwon, H., Hwang, S.
J, Choy, J. H, .. & Rougier, A. (2012). Improved
electrochromic performances of NiO based thin films by
lithium addition: from single layers to devices.
Electrochimica Acta, 74, 46-52.

[6] Pang, Y., Chen, Q., Shen, X., Tang, L., & Qian, H. (2010).
Sizecontrolled Ag nanoparticle modified WO 3 composite
films for adjustment of electrochromic properties. Thin
Solid Films, 518(8), 1920-1924.

Olp! Sgigh (5,9l g (cwsdige il S (e Sigigh 9 Sl (uil S (el 9 G

230,

3y

(S

0 0 20 30 40 50

(45t) Oloy

4 oad Al Seag 59 iSUl (sla Johoo gy Lo jloges VY S8
Bl 4z, 0 FO- g VOO oy b glales b g i > )
O 05 o ol 5

—— 450nm

259 —250nm

——350nm
240|
230
s 9

(y o)
210
200|
190|
0 10 20 30 40 50
(458) Ol

0 4L S 53,25 sl oo il ol logei 1Y S
o Blad Sl

Jleel b g @slite iyl slalos b ouss axsles sl Jobo anslie
ool 0TV Jgaz o TIY 5y

P9y & 0ad wiSle Sieg S 9 2SN sla Joko s lo 1) Sy
o5 sl a0 FO- g VO YO couib slbles b g b5y

2o o gl ol

(4B G 0 5

o s fly oo

-y SSas]
slos b oas gles
Y0-°C eyl

AR

V4,5

oY JShas]
6Lo$ L 00 Lf’L“"’
¥0-°C oyl

VO,Y

—aY SSas]
6Lo$ L W) Lf’L“"’

F0-°C coujb

Sy g, 4 S5 08T L sad wisle sladigei T L
g ol Kle ax 0 FO- 5 YO YO- Coujl bl b g o5 >

0l sy HEWWWLOPSIIE cyls o a5 conl el s 50 5 allio oyl



http://www.opsi.ir/
http://www.opsi.ir/
https://www.opsi.ir/article-1-1536-en.html
http://www.tcpdf.org

