
JSAP, Tokyo, March 29, 2004 

 
 
 

Quantitative texture analysis of single crystal/
powder Ca3Co4O9 composite materials 

  
 
 

E. Guilmeau, K. Chong, M. Mikami, D. Chateigner and R. Funahashi  
 
 
 

AIST (Kansai) 
Special Division of Green Life Technology CRISMAT Laboratory 

(Caen, France) 

CREST 



* Materials  
 
 

** Quantitative Texture Analysis 
 
 

*** Texture↔TE properties 
Relationship 



Materials 

Three composite samples : Powder + single crystals 

Ca2.7Bi0.3Co4O9 Ca3Co4O9 

Composition : 
100%wt Powder 
90%wt Powder + 10%wt Single Crystals 
80%wt Powder + 20%wt Single Crystals 

Hot-Pressing 

Single Crystals 
30 Discs (Powder) 
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Materials 
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(00ℓ) Texture 

Lotgering factor method  

c 
Degree of orientation ??? 

Insufficient to quantify  
the texture strength!!! 

◊ Only one sample orientation does not provide any information on the  

orientation distributions 

◊ Overlapping →deconvolution (problem!!!) 

◊ if only (00ℓ) are observed, f=1 for many possible degrees of orientation. 
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Quantitative Texture Analysis 

A quantitative approach 
 is necessary!!!! 

Dhkℓ(χ, ϕ) =  Distribution Density : 
(m.r.d) ℓ

ℓ

hk
r

hk

I
),(I ϕχ

Ihkℓ(χ, ϕ) : Integrated intensity of the {hkℓ} peak for the (χ, ϕ) orientation of the 
sample 
Ir

hkℓ : Integrated intensity of the same sample without texture.  
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D003(χ, ϕ) =  Distribution Density : 
(m.r.d) 

Quantitative Texture Analysis 

A quantitative approach 
 is necessary!!!! 
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Quantitative Texture Analysis 

24 26

Data: Data1_B
Model: Gauss 
  
Chi^2 =  107143.04632
R^2 =  0.99247
  
y0 14622.75797 ±34.96649
xc 25.00882 ±0.00088
w 0.14787 ±0.00181
A 3401.86554 ±37.79242

2θ(°)
  

Data: Data1_C
Model: Gauss 
  
Chi^2 =  86119.31088
R^2 =  0.99321
  
y0 14754.16599 ±31.4094
xc 25.01406 ±0.00086
w 0.15159 ±0.00176
A 3256.52888 ±34.36664

  

Data: Data1_D
Model: Gauss 
  
Chi^2 =  67690.75283
R^2 =  0.9916
  
y0 14770.18873 ±28.10661
xc 25.02432 ±0.00106
w 0.1693 ±0.00218
A 2757.49147 ±32.49241

  

Data: Data1_E
Model: Gauss 
  
Chi^2 =  70543.56178
R^2 =  0.98296
  
y0 14725.49756 ±29.0663
xc 25.0269 ±0.00172
w 0.19348 ±0.00356
A 2121.53835 ±35.91994

  

Data: Data1_F
Model: Gauss 
  
Chi^2 =  64329.0387
R^2 =  0.96768
  
y0 14709.73323 ±28.28752
xc 25.02639 ±0.00278
w 0.22783 ±0.00579
A 1602.27152 ±37.93338

  

Data: Data1_G
Model: Gauss 
  
Chi^2 =  47573.10167
R^2 =  0.94535
  
y0 14658.38523 ±25.25867
xc 25.02507 ±0.00458
w 0.29209 ±0.00969
A 1213.01385 ±38.35326

  

Data: Data1_H
Model: Gauss 
  
Chi^2 =  43465.65391
R^2 =  0.89297
  
y0 14563.27238 ±24.90496
xc 25.02061 ±0.00757
w 0.34151 ±0.01622
A 886.75303 ±40.88845

  

Data: Data1_I
Model: Gauss 
  
Chi^2 =  47405.64565
R^2 =  0.75927
  
y0 14422.66304 ±27.62188
xc 25.01059 ±0.01495
w 0.42896 ±0.03286
A 660.22008 ±50.8088

  

Data: Data1_J
Model: Gauss 
  
Chi^2 =  41738.11178
R^2 =  0.61763
  
y0 14154.15482 ±23.86837
xc 24.9747 ±0.02201
w 0.46 ±0
A 467.45704 ±37.15409

  

Data: Data1_K
Model: Gauss 
  
Chi^2 =  45168.38233
R^2 =  0.48657
  
y0 13717.37225 ±25.2508
xc 24.97672 ±0.03071
w 0.5 ±0
A 394.89945 ±40.97698

  

χ=0° 

χ=5° 

χ=10° 

χ=15° 

χ=20° 

χ=25° 

χ=30° 

χ=35° 

χ=40° 

χ=45° 

Integrated intensity I003(χ) 

Distribution Density D003(χ) 

Normalisation 

DDmax 

FWHD 
Texture 

(003) Peak for various χ angles  
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Quantitative Texture Analysis 

24 25 26
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Data: Data1_B
Model: Gauss 
  
Chi^2 =  21395.06104
R^2 =  0.99559
  
y0 2624.61158 ±0
xc1 24.89 ±0
w1 0.156 ±0
A1 730.45316 ±13.20545
xc2 24.99911 ±0
w2 0.12796 ±0
A2 1152.80631 ±0

2θ(°)
  

3000
6000
9000

Data: Data1_C
Model: Gauss 
  
Chi^2 =  13526.71438
R^2 =  0.99351
  
y0 2607.3659 ±0
xc1 24.89 ±0
w1 0.161 ±0
A1 709.53893 ±10.66682
xc2 25.00174 ±0
w2 0.1231 ±0
A2 575.25331 ±0

  

2200
3300
4400

Data: Data1_D
Model: Gauss 
  
Chi^2 =  7565.73644
R^2 =  0.98429
  
y0 2593.41 ±0
xc1 24.89 ±0
w1 0.177 ±0
A1 536.23151 ±8.36413
xc2 25.03278 ±0
w2 0.12535 ±0
A2 128.09701 ±0

  

2600
3250
3900

Data: Data1_E
Model: Gauss 
  
Chi^2 =  3265.7353
R^2 =  0.98033
  
y0 2576.69962 ±0
xc1 24.89 ±0
w1 0.203 ±0
A1 376.34154 ±5.88494
xc2 25 ±0
w2 0.13 ±0
A2 10.27 ±0

  

2500
3000
3500

Data: Data1_F
Model: Gauss 
  
Chi^2 =  2403.17234
R^2 =  0.96374
  
y0 2570.38 ±0
xc 24.88577 ±0
w 0.24629 ±0
A 273.6188 ±5.56113

  

2400
2800
3200

Data: Data1_G
Model: Gauss 
  
Chi^2 =  4425.96194
R^2 =  0.85398
  
y0 2534 ±0
xc 24.89096 ±0
w 0.29314 ±0
A 205.05738 ±8.23328

  

2400

2700

3000

Data: Data1_H
Model: Gauss 
  
Chi^2 =  9362.66883
R^2 =  0.22091
  
y0 2453 ±0
xc 24.952 ±0
w 1.6893 ±0
A 441.78111 ±30.08909

  

2400
2600
2800

Data: Data1_I
Model: Gauss 
  
Chi^2 =  3309.65557
R^2 =  0.48221
  
y0 2529.31314 ±0
xc 24.90145 ±0
w 0.32 ±0
A 87.14519 ±7.43788

  

 

χ=0° 

χ=5° 

χ=15° 

χ=10° 

χ=20° 

χ=35° 

χ=30° 

χ=25° 

SCs Powder 

80% Powder / 20% SC 

23.0 23.5 24.0 24.5 25.0 25.5 26.0 26.5

Powder Component 
Ca2.7Bi0.3Co4O9 

SC Component 
Ca3Co4O9 

Ca3-xBixCo4O9 

x 
c (Å) 

0 0.1 0.3 0.5 
10.7407 10.7576 10.7834 10.7921 
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 %wt Single crystals 

Texture strength (Powder) 

Texture↔TE properties Relationship 

Powder 

Resistivity 

SC 
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Texture↔TE properties Relationship 
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Conclusion 

Direct 
quantitative texture analysis Ø  Degree of orientation 

Ø  Composite Materials : 2 texture components  
identifided and quantified 

SC 

Powder 

Ø   Texture↔TE properties Relationship 

Ø   Analysis suitable for any materials where preferential 
 orientations must be quantified   


