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We developed a novel ceramic forming process by surface hydration 
of particles through microwave irradiation   In this process  irradiating a green body 
with microwaves enhances the hydration reaction between water and particle surfaces  
creating surface aluminum trihydroxides structure of adjacent particles that bind together 
tightly. The key point of improvement in binding strength on this process was enhancement 
of surface hydration reaction   In this research  we investigated that effects of 
mechanical surface treatment on the microwave absorption properties of alumina powder 
surfaces The dielectric loss of alumina powder was increased by the surface treatment 
using planetary ball mill, as a result, the microwave absorption of surface treatment 
powders was carried out effectively.  It was considered that treated powders surface was 
heated locally and it is thought that a hydration reaction of powder surfaces was promoted 
and mechanical property of green body was improved. 
 

 
                                

    
2010  2,500,000 750,000 3,250,000 

2011  700,000 210,000 910,000 

    

    

      

    

 
 

 
 

13903 

 

2010 2011   

22710074 

                     

Developments of Innovative Environmental-friendly process using Local 

Selective Reaction Control through the Microwave Technique 

 

SHIRAI TAKASHI  

 

 30571426 

 



 

 

 

 

 

 

 

 

 
[Shirai et al., J. Am. Ceram. Soc., 91, 
2367-2370, (2008)]

 
 

 

 
 

 

 
 

 
in-situ  

in-situ

2.45

FT-IR(ATR)

 
 

 
 



 

 

 
 

 
 

 

 

 

AlVI AlV AlVI
coordinatively unsaturated site: CUS

H2O CO2

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

in-situ
(DRIFT)

200

 
 
 
 
 
 
 
 
 

in-situ
 

 

250rpm 40min
5mm

100rpm 10min
1mm

 
 
 
 
 
 

(a) AlIV : 1380 cm-1 [1] 

H
O

H

Al

(b) AlV [2]

H
O

H

Al

AlV : 1530 cm-1 [3] (c) AlIV-AlVI, AlVI-AlVI : 1460cm-1 [1] 

H

O

H

Al Al

H

O

H

Al Al

(d) AlV : 1580 cm-1 [2] 

H
O

H

Al

[1] L. Valave et al., (1989) [2] Fripiar et al., (1997) [3] Shirai et al., (2001)

 

Al

AlO

O

OAlAl

Al

CUS
CUSCUS

Al AlAlAl
CUS

Al
CUS

Al Al
Al

Al AlO
O

O
O

OAl Al

OO

 



 

 

 
 
 
 
 
 
 
 
 
 
 

DRIFT
 

 

1640cm-1 1580cm-1 AlIV
1530cm-1 AlV

1460cm-1 AlIV-AlVI AlVI-AlVI
1380cm-1 AlIV

AlV
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OH
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
5mm

AA-04

200
30

40vol%

AR-250

Pulverisette-6  
Fritshch 10mm

20×30mm
5mm

 

MWK-B3  2 45GHz
80 C 2K/min

0.05

Ab
so

rb
an

ce
 / 

a.
u.

1800 1600 1400 1200

Wavenumber, / cm-1

5mm

40min

250rpm

1mm

10min

100rpm

raw

: 1640 cm-1Physically
adsorbed

: 1580 cm-1AlVI

: 1530 cm-1AlV

: 1460 cm-1AlIV-AlVI, 
AlVI-AlVI

: 1380 cm-1AlIV

 



 

 

Spectrum GX  Perkin Elmer Japan

 
 

IR Bayerite
Gibbsite Nordstrandite

 
 
 
 
 
 
 
 
 
 
 
 
 

IR  
 
 
 
 
 
 
 
 
 
 
 

 
 

15

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

10

11
10

IR

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10
 

 
 

4000 3500 3000
Wavenumber, / cm-1

Ab
so

rb
an

ce
, 

/ a
.u

.

0.1

 

0 5 10 1510-2

10-1

100

101

102

, t / hr

, 
r
ta

n

-Al2O3

Water (25 C)

Al(OH)3

 

4000 3500 3000
Wavenumber, / cm-1

0.1

Lo
g(

1/
R

) /
 (a

.u
.)

MW

MW

 

3800 3600 3200
Wavenumber, / cm-1

0.1

Lo
g(

1/
R

) /
 (a

.u
.)

3400

36
93

36
56

36
22

35
60 35

50 34
72

34
39

34
26

Bayerite Gibbsite Nordstrandite
3655 3623 3658
3618 3530 3622
3550 3474 3565
3470 3396 3545
3431 3380 3495
3380 3434

3375

wavenumber / cm-1 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

AF-IS,

1mm/sec, 05sec

 
 
     
     

(N),d (mm),l
(mm)  

12

65MPa

Unwin

5MPa 75cm

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

1) T. Shirai: J. Soc. Powder Technol. Japan, 
49, 4, (2012)in press. 
2) T. Shirai, C. Takai, M. Fuji: J. Soc. 
Powder Technol. Japan, 49, 5, (2012)in 
press. 
3) T. Shirai, M. Fuji: TAIKABUTSU, 64, 6, 
(2012)in press. 
4) A. Eiad-ua, T. Shirai, H. Watanabe, M. 
Fuji, K. Orito and M. Takahashi: J. Jpn. 
Soc. Powder Powder Metallurgy, 58 (2011) 
91-96 
5) A. Eiad-ua, T. Shirai, H. Watanabe, M. 
Fuji, K. Orito and M. Takahashi: Ceram. 
Trans., 219 (2010) 129-135. 
6) A. Eiad-ua, T. Shirai, T. Kato, K. Orito, 
H. Watanabe, M. Fuji and M. Takahashi: J. 
Ceram. Soc. Japan, 118 (2010) 745-748. 
 

5  
1) , , , 
2011 2011

24  
5) , Eiad-ua Apiluck, , 

, 2011
2011  

6) J. Li, T. Shirai, M. Fuji, F. Wang, M. 
Takahashi, ISIMME-6 2011, 2011 , 
Beijing 
7)J. Li, T. Shirai , M. Fuji, M. Takahashi,  

2011
 

8)T. Shirai M. Fuji, 13th ISEPD2012 2012
Gulin China 

 
 

(1)  

SHIRAI TAKASHI  
 

30571426 

0

0.5

1.0

1.5

2.0

2.5

3.0

(
M

P
a
)

RD:51.9% RD:51.9% RD:51.3% RD:51.2%

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

, r tan

(3
47

2c
m

-1
) /

 a
.u

.

 


