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Nano Structured Zn-Al Layered Double Hydroxide Synthesis and Its Effect on
the Perovskite Solar Cell Efficiency

H. Pourradi, K. Ghani*, M. Mahdavi
Faculty of Applied Science, Malek Ashtar University of Technology, P.O. Box 83145/115, Shahin Shahr, Isfahan, Iran
Received: 16-10-2017 Accepted: 17-03-2018 Available online: 17-02-2019

Nano-sized Zn-Al Layered Double Hydroxide crystals were synthesized using a modified two step process of “fast coprecipitation
and subsequent controlled hydrothermal method". Dynamic light scattering result showed a particle size of 71.68 nm to the obtained
stable and translucent suspension. The structural morphology of the deposited nano-crystallites was studied using field-emission-
SEM images. The phase purity of the as-synthesized LDH material and its calcined product was determined by using XRD, FT-IR
and TG-DTG analyses. A perovskite solar cell was fabricated using the LDH paste as mesoscopic layer for the first time. To have a
vast observation on the solar cell efficiency, a series of LDH-based perovskite solar cells were fabricated using the admixture of
LDH and TiO2 with (100-x)LDH + xTiO2 (x = 0, 25, 50, 75) admixture recipe. The solar cell parameters showed an increase in the
efficiency of the cell as the LDH content decreased in the admixture composition. J. Color Sci. Tech. 12(2019), 261-269®©. Institute for
Color Science and Technology.

Keywords: Layered double hydroxide (LDH), Aqueous suspension, Perovskite solar cell, Composite mesoporous layer.
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1- Perovskite

2- Hole blocking layer

3- Mesoporous TiO2 (mp-TiO2)
4- Hole transporting layer

5- Counter electrode

6- Inter-lamellar

7- Electron transporting layer

8- Dye sensitized solar cell (DSSC)
9- Quantum dots (QD)

10- Paste

11- Composite meso-porous layer

Journal of Color Science and Technology(2019)

vy

doddlo =)
a ’ . ’ & . & ..
Jsep b (lwgn s iz esle 08 (1)1 (s |
Jls 5 aels el sand s> gl Jsko Lo 5 CHaNH3Pbls
S5 Sn ol ey > (ol gk slo )5 ¥ 1Y
el Jlo iz (b )0 e oS 5,5k 4 L85 g0 (SulSs
a5 ams e lid Slalllas LV Y] 08 o W)l 2YY,) 4 b Joles
oS5 Sladobe (B35h Sgae aknej p3 4T ploxl sla gl
Ls Ladshe cnl as cngs slagts, b s Sl 5 (Byne ol
Jslws a5 Lol 1L IYT il 0y 250 (slaig, 5 DS 5 25
Vol e el glaay ols asl> cdl> 5Ky,
Y TTi02 | dsiter g5 asyY (COMpaCt Ti02) "o yis oaiiS
(AU) * i 05,2501 5 ©o i oo Jinl 4Y «ylSasg s 555 il
Jalw oaijlw slaceend 51 Sy 0 Wlgi oo b iagsy ol el
s eJglaie (sUlu o oS 5 laxe 4 MP-TIO2 Y 03 &g
2 el JHe 550 gl yo sl o slSle (Lol 1521
o L] w3155 4Y el 5 AlOs sle osle 5,58 Y+ Y Jlo
BaSn0z ZnzSn0s SiO2 :abex 5| akisee oS 5 5l eslicul ]
o=l tElw o TiO2 @l )deil o jos a4 b 5 2less 43 0 0¢ 4 SITIOs
1o-Al oo 8 ol35 4y

IS Gl slagm, b alfge glany glao Sy un
s |y oBinlosl lames 1o i coblB oS aiivn Some LS 5
Aw g 9yl 50 slaeslS sy euijle Il ail oo aijle
UGS QT A S0P b mgete Se8 gl Lojlasl po 28,
Sl 5l Jols s i aliize ;5 o s il 5l plaS a5
Laasy s o Joood (JBlol ot )L ailaid 5 > 0nSg 00
oduS i dL‘”u}“—’—‘ G5, B L d bav slopyesls lawgs

. . A . . 1 .
Pl g)lade ol Lad pl 0gd oo i laY o slad jo
Lo S Ly (G5aen iz B85 Ly a5 aibon i ol b
sy )Ll U o5 oo oz bappsall (S5 5 oS00
Sy G slapsal s LaY (58 adle (5550 ol e 4 S 3
Ceod LalDH 5,8 ;amis slo Sig L] 098 Lis 50 Sone
loda ) 0 aslEeo laY SLuS 5 aS Cosl odds g 0408 g
00lo sty 950l yis 5515 e asy alos 5 il
tlordgigd SED () 5 9o Sl piass (23 95U
amil aials 0,5l 0,8 g goui e sla ol ilos, ol
as aslEg slany ooy e 0 55 o)lse alas Iyve-vyl

A & & > V . bR

5 SIS, undys> Jobe s sl onsas Jlanil 4 lse
Ul 5L sl sl 45 0l o mole <l cogiilsS Ll
Y leme 4y LalDH o,,Ls 51 LolS concd 0l (Byme YoV -

(WWAY) 55, 69US 9 pgle a9 33 —sole & it



Yy

o 9 paizoglT-(59) A3l5'9S SlAY SumnSg)3ud HUALw 93l juiiww

LGhy95 Jol 5o (yg,iSUl saums Jlatl Y lgie 4y LLDH o )15 51 Lol cencd Y Jgue

& (1) 003 oS b (°C) Hgmwliguds’ gloo Sy jod oS ) @9,
[vy] T N3 fo- Zng 25 Ti-LDH \
YA £ ZnTi/DS*-LDH
- £ O -
[vfl . OVY N719 Ix ZNa s Ti-MMO** Y
XY Yoo
e VO D+
[vol o AF N719 Foe Zn,Al-MMO e
oo oYY Y.
<Y O -
[vs] ., qY N719 g Zn;Al-MMO f
R Yoo
£,0V £0- P25
[yl YA N719 £ MgsAI-LDH 0
sy ‘. MOAI-LDH 4 P25 jj5 Vi) byl
[VAl 1,0 N719 O - TiO,@Zn,Al-LDH 2
RS ACRAD)
Vb Zn,Al-LDH
ARG Zn,Al-LDH
[val R At N3(N719) 0 ZnAL-LDH 4
anAl-LDH ~ Zns(OH)s(CO3)2
<00 (+,YY)
[v-] - Ff Cds QD b ZnsTi-MMO s (31,5 59 700 Y A
[vy] - FA CdS QD O~ ZnsSn-MMO q
Q
[vv] <A Cds QD o - ZNAI-MMO 3 (31,5 S35 70 ,) Ve
* Dodecyl sulfate; ** Mixed metal oxides
Y . _ - “
)L,.i‘._‘)r:.) %9 o..\_:._ﬂ).g 00— gs’b))l—f °}:?-;9—1‘> u‘ )—‘-“-Igrl-“" )lS uﬁj) =YY

Se 4y gl U315 ojlaz sl | Sijus il (6,2 o B¢
Sy 3l ey 28,5 18 STy o Ve °C les yo sl VP
ol Il 5 Blhdan S5 ek | geilges LiBps (0
Sl 3B cov aS sel cawws 4 ZNAILDH o0y 5L oo 5l Olxas
Sl MelS ole ¥ 5 sl b gy 55 525 (9o
YT IO P SINE PP NP EYRPS IO | g [OW
3l g 00t Gondy yHlw 4880 93 VFr e (222 b Jol>
b Sgemilomgm Jolome 4y 28,5 1,8 olulid 5550 (0 S Sas
Sl o9 FUIL Jlgte (ot 9 550t il al> 50 ¥ 5l ool

2- Autoclave

3- Stainless steel
4- Suspension
5- Translucent
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1- Ultrasonic
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2- Etching

3- Sol

4- Spin coating
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10- lithium bistrifluoromethanesulfonimidate (LiTFSI)
11- Bragg's equation
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1- Amorphous
2- Dynamic Light Scattering
3- Tyndall effect
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