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+ What is delafossite

p-type transparent semiconductor thin films

+ The other functions of delafossite materials
(Novel functions developed in our Lab.)

Nanocomposite catalyst derivate from
delafossite nanopowder
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What is delafossite (- &fifeeh

RED COPPER IRO NERAL

+ Delafossite is an oxide of
copper along with iron
with the composition
CuFeO, .

+ ABO,

« A=Ag, Cu, Pd, Pt

x B=Al, Cr, Ga, Fe, Mn, Co,
T nababsomon ot < G1x P 2 QST

http://iwww.mwit.ac.th/~physicslab/hbase/minerals/delafossite.html
+ e.g. CUAIOz, CuCrO2
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Received Apeil 6, 1981; in revised form July 9, 1981 Crystal structure of delafossite

(Rhombohedral 3R)

Single crystals of the delafossite-type ¢ 35 #18 R MERSI 92 [1] 1984 35
slow-cooling method from 1200°C. Three
columnar twin crystals with concave ang W ¢ - Paper
the spinel-type twin. CuAlO, is rhomboh —

gfem® and Dm = 5.06 g/em®. The crysta)
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Transparent p-type conductive thin films

*H. Kawazoe, M. Yasukawa, H. Hyodo, M. Kurita, H. Yanagi, and H. Hosono,
Nature (London), 389 (1997) 939-942

Preparation of CuCrO, thin films by
chemical solution method

NSC-98-2218-E-027-004 (2009.1-2009-10)

+ PLD is difficult to prepare on wide area.

CuAlO, 70 815) 0.34 PLD 4 . q d 3 .
* Vacuum system is expensive for industrial application.
CuGao, 80 3.6 0.063 PLD . .
+ Challenge in wet chemical process
CuGa,Fe,0, 60 3.4 1.0 PLD 3 ! .
+ Difficult to obtain pure delaffosite phase (easy to form
Culn,_,Ca0. 70 3.9 0.028 PLD . .
S spinel phase CuCr,0, and residure CuO)
CuCrO. 40 3.1 1.0 PLD " A .
i + Thin film quality always lower than prepared by vacuum
CuCr,,Mg,0, 50 31 220 RF-sputtering method
CuYo, 60 35 0.025 PLD « High process temperature
CuY,,Ca,0, 50 35 1.05 PLD
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Properties of copper—aluminum oxide films prepared by
solution methods

Acetic acid Water o cuio,] T ! I
40 mmol 100 ml v CuAbO,
8000 | x QO | | series "B" fired at 1100 °C
Copper Source Aluminum @ 7| . °
S : :
= s |- ¢ 1 Lo D A
poly oxyethylene (10) [ : 1
octyl phenyl ether 2 [
10mmol z 2000 L series "B fired at 1000 °C
: g CHEAN N z
= l ’
i T ke
dip-coating and drying 2000 v i |
@ o o] B metas0n'c
|sinlering at 1100 °C for 4H in air |
0
* 10 30 40 50 60 70
2 g

K. Tonooka et. al, Thin solid films, 411, 2002, p129
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Preparation of p-type conductive transparent
CuCrO,:Mg thin films by chemical solution
deposition—with—twoe—step-annealing

+ Solid state reaction :
+ 2Cu0 + 2Cr,05 — CuCr,0, + CuO 700°C
CuCr,0, + CuO — 2CuCrO, + 1/20, 1050°C

*

Strategies of two step annealing
# 2CHeES Ho, " EUL® +£H,0~ ~400°C
CU; O 4Cr583s===CuCrO, 500°C

*

*
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Two-step Annealing |
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GIXRD pattern of Cu-Cr-O thin films
annealed at various temperatures
under forming gas ambient
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GIXRD patterns of the CuCrO,:Mg
thin films prepared with two-step
annealing.
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Optical transmittance spectra of CuCrO,:Mg thin
films prepared with two-step annealing. The
inset shows the absorption edge of CuCrO,:Mg
thin films.
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Reported electrical and optical properties of -
CLCIO,:Mg thin films | The other functions of CuCrO,
rocess | ; . *
(Composition Method femperature Resistivity ITransmittance [Thickness Ref.
(C) (Q-cm) (%) (nm)

[CuCrossMgoosO2 i . R. Nagarajan, et. al, J. Appl. A . We are the first to demonstrate
i Sputtering 600 0.045 30 250 pha?,sgfpoglgfiﬂ * Antibacterial this function
uCro.9s| 0.0502 500 0.1 60 100 i -W(?r n

i o | s % oo | e + Photo catalyst for Hydrogen generation
ICuCro9sMgo.0702 4

g y 2 s [Stmecdsshscien. | +  Photo catalyst for environmental applications |

IAr annealing

W e urface ares

Ar annealing 700 210 2 200 Peoksels Il3h e * Gas pur|f|Cat|On CataIySt
ICuCro.95Mgo.0s02 ! . e - -

e o 2 e I S +  Additives for the catalytic combustion
annealing 0 Oz (o &5 International, aécepted
700 652 70 155 + Thermoelectric materials
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Antibacterial properties (E. coli) |

Incubated with glass substrate. Incubated with CuAlO,/glass substrate.
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Potential application of transparent
antibacterial thin films |

+ Touch panel
+ Avrtificial-tooth, glasses
+ Antifouling

+ Sightseeing submarine
| + Aguarium box

(R)eHE) ()
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Photo catalyst for Hydrogen generation
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Apparatus for measuring H,
generation efficiency

S. Saadi, A. Bouguelia, M. Trari, Solar Energy, 80 (2006) 272
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Flesistants {Lehm)
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Electrical resistance changes at room temperature of CuCrO, (a)nano
crystal and (b)micro crystal due to successive increases in
O, concentration.

S. Zhou, X. Fang, Z. Deng, D. Li, W Dong, R. Tao, G. Meng, T. Wang, Sensors and Actuators B, 143 (2009) 119.
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Japanese Patent: 2007-149996
+ Japanese Patent: N0.2008-156130 LAYERED OXIDE THERMOELECTRIC MATERIAL HAVING
+« DELAFOSSITE TYPE OXIDE, METHOD FOR MANUACTURING DELAFOSSITE STRUCTURE
THE SAME AND EXHAUST GAS PURIFICATION CATALYST PROBLEM TO BE SOLVED: To develop ?-t){pe and n-type oxide
+ PROBLEM TO BE SOLVED: To provide a delafossite type oxide having thermoelectric materials being chemically stable at a high"temperature and
high oxygen storage capacity from a low temperature range without having a dimensionless figure of merit ZT close to 1.
requiring the presence of a noble metal, a method for manufacturing the SfOLIUT|OdN Tf&e ﬁ_type the(jrnﬂqfdeq{ricfone/ersi%n material is C?Tpose(i'j
same and an exhaust gas purification catalyst. of a layered oxide having a delafossite structure shown in general formula
g p ) y . CuCr { Mdgx 0] (BO.OSSXQSO.OS). Mg?* with an ion radius ngar that of Cr3* is
* SOLUTION: the delafossite type oxide of 3R type is represented by the substftute fozr &rs of CuCrO, and carriers are introduced, and a figure of
general formula  ABOXx, wherein A represents at least one selected from merit Z (Z=S? o/KK) can be enhanced by improving an electric .
o ; conductivity o. The excellent electric conductivity is obtained at the high
the group consisting of Cu, Ag, Pd and Pt; and B represents at least one temperaturé of 600 to 1,100 K, and a Seebeck coefficient reaches 200 to
selected from the group consisting of Al, Cr, Ga, Fe, Mn, Co, Rh, Ni, In, 350 p1V/K. The dimensionless figure of merit ZT exceeds 0.2 at 1,100 K,
La Nd. Sm. Eu. Y and Ti and the p-type thermoelectric conversion material is available as a high-
a, Nd, >m, Eu, ¥ and T1. temperature thermoelectric power-generation material.
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+ Cu-Cr-O nanocomposites that can be used as additives for
the catalytic combustion of AP(ammonium perchlorate)-
based solid-state propellants.

+ The Cu-Cr-O composites in recent years are found great
promising in application as burning rate catalysts (ballistic
modifier) for solid propellants used in defense (ballistic
missiles) and space vehicles (rocket propellants).

+ Addition of the Cu-Cr-O nanocomposites as catalysts
obviously enhances the burning rate as well as lowers the
pressure exponent of the AP-based solid-state propellants.

LI Wei, CHENG Hua J. Cent. South Univ. Technol. (2007)03-0291-05
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Rock candy Granulated sugar Cotton candy
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Various type of CuCrO,

r N
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CuCrO, Ceramics
Sintered at 1250 °C

Microscopic view

T2 3 & 4 & 1 & % W

- 3 o i
s M) S11/10.20:10 -y

CuCrO, powder
Calcined at 1200 °C

Porous CuCrO, powder
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Synthesis of CuCrO, powder

+ Solid state reaction

+ The particle size of CuCrO, powder prepared by traditional
solid state reaction is in micro order

+ Easy to contain spinel impurities (CuCr,0,)

+ In order to obtain pure derafossite phase :High calcination
temperature and controlled atmosphere was required (High
energy consumption)

+ Our method

+ Burning the raw material by ignition (self combustion)

+ With out high temperature furnace

+ Just under air
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Porous CuCrO, powder
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XRD

Raman spectra

~~~~~ GNP method
CuCro, a —— solid state reaction cucro, —solid state reaction

by —— nanopowder -
5 2 =
s 5 &
> S 2 ) 2 N
= = hy S o —~ ‘0
2] = — = - o T g
5 5 2 | =7 259 5
= i > g s
© 2
3 s AW/\“‘““‘“ T T %
& PDF#39-0247 CuCro, L

L1 | L -
1 i 1 i 1 i 1 i 1 i 1 i 1
1 1 1 1 1 200 300 400 500 600 700 800
20 30 40 50 60 70 80 Wave numbers (cm™)
2 Theta (degree)
Depend on Scheller Eq. the crystalline size of CuCrO, are 45.65 and
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Absorption isotherms

017 "
Solld state reaction nanopowder
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Absorption isotherms of CuCrO, Absorption isotherms of CuCro,
power prepared by solid state nano powder

reaction. Surface area = 30.92 m?/g
Surface area = 0.47 m?/g
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Composite catalyst derived from
Delafossite

+ Use delafossite it-self as + Supported metal cluster

a catalyst + Using delafossite as a
+ Photo catalyst supporter materials

+ Gas purification + CO selective oxidation
+ Combustion catalyst + Preparation method

« Cu-base catalyst derived = CO-precipitation e
R e « Deposition-precipitation

+ Steam reforming
+ CO oxidation

*

+ Modified wet impregnation
+ Photo-deposition
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Au nano particle catalyst

Developed by Prof. Haruta (U. of Metro. Tokyo)

Au/TiO,

Co-precipitated
Calcined at 400°C

Semispherical Au
particle supported on
TiO,
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Failed experiment?

Very large
Au Cluster |

NTUT 15.0kV 12.0mm x3.00k YAGBSE 12/1/10 13:39 10.0um

Au/CuCrO, nano composite

Au nanoparticle
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Application on steam reforming

Self-assembled porous nano-composite with high catalytic performance by
reduction of tetragonal spinel CuFe.0,

Satoshi Kameoka **, Toyokazu Tanabe?, An Pang Tsai*"
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Results of catalytic reaction test for nano CuCrO,,
Reported by Satoshi Kameoka IMRAM, Tohoku University

© Catalyst pretreatment
- CuCr0, : [I] H, treatment 300°C for 1h.
[I] H, treatment 600°C for 1h.

CuCrO, — Cu* + Cr,05 (reductive decomposition)
(2CuCr0, + H, — 2Cu + Cr,0; + H,0)

© Reaction
+ Reactor : aconventional fixed bed flow reactor
- Reaction : Steam reforming of methanol (SRM)

CH4OH + H,0— 3H, + CO,

CH4OH/H,0 = 2/3 (mol ratio)

LHSV=15 h1 (SV=85000 h, F/W=7000 mlg-1h?1)
- pretreatment: at 300 °C with H, for 1h.
- analysis :  an on-line GC (Shincarbon: H,, CO,, CO, CH,)

Cu based compound oxide High active Cu nanocrystal

H, reduction
—-

. Cu nano cluster

CuCrO, nano powder H, reduction HR image

Ref: http://www.nedo.go.jp/informations/events/190710/shiryou/oral14-1.pdf
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Steam Reforming of Methanol
T T T T T T T
CH,OH + H,0 = 3H, + CO,
|

nano CuCrO, (H-600)

3000

H, production rate / ml STP/min g-cat

2000 + nano CuCro, (without H-600) —
Cugro, (H600; t \
ugro, (| ) as casf |:|
CuCrO,Mg H600) as cas
1000 [ / \
/ Commercial Cat. (Ref.)
240 280 320 360
Temperature /°C
Ref: commercial Cu/Al/Zn catalyst
S. Kameoka, et. al, Applied Catalysis A: General 375 (2010) 163-171
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Summary

+ Conductive and transparent p-type CuCrO,:Mg thin films
were prepared by chemical solution deposition with two
step annealing.

+ Antibacterial properties of delafossite thin films such as
CuAlO, and CuCrO, were demonstrated

+ Highly porous CuCrO, nanopowder were performed by self-
combustion process in air.

+ High performance steam reforming catalyst were derived
from CuCrO2 nanopowder.

+ CuCrO2 supported Au nano cluster were synthesized by
photo catalytic reduction.
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