Journal of the Korean Crystal Growth and Crystal Technology
Vol. 20, No. 4 (2010) 178-184

Transition of 12Ca0O - 7AlLO; electrical insulator to the permanent semicon-
ductor using via thermo-chemical reduction treatment

Jun Ho Chung, Jong Won Eun, Dong Keun Oh, Kwang-Jin Kim*, Tae-Ui Hong* Seong-Min Jeong*
and Kwang Bo Shim'

Division of Advanced Materials Science Engineering, Hanyang Univ.,, Seoul 133-791, Korea

*KICET Business Support Division (Korea Institute of Ceramic Engineering & Technology), Seoul 153-801, Korea
(Received July 30, 2010)

(Revised August 12, 2010)

(Accepted August 16, 2010)

Abstract The 12CaO - 7AL,O4(C12A7) powders were successfully synthesized using combustion method with microwave-
assistant and C12A7:H were fabricated by post-annealed process in Ar/H atmosphere. X-ray diffraction patterns and TG-
DSC were used for investigating to the precursors of crystalline and reaction depending on temperature. CI12A7:H that was
treated post-annealed process were mvestlgated TG-MS and Hall-measurement for confirming H ions doping and checking
electrical resistivity of C12A7:H. H ion substituted to O ions in the CI2A7 cages were confirmed at 289.5°C by TG-MS
and CI12A7:H calcined at 1000°C in Ar/H=28:2 atmosphere for 8~10h has low electrical resistivity about 10°Q-cm at
room temperature.
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Fig. 1. Schematic of C12A7 Structures and transition of band gaps for C12A7. (a) Crystal structure of 12CaO - 7Al,0;. (b) The free
O ions replaced by Electrons in the C12A7 cages. (c) Energy levels of the free O™ ions were replaced by Electrons in the C12A7
cages.
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Fig. 2. patterns of (a) C12A7 raw powder calcined at 800~
1100°C and (b) C12A7:H post-annealed at 1000°C for 8 h in
Ar/H atmosphere.
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Fig. 3. Investigation of TG-DSC results between 0°C and

1300°C for C12A7 powders synthesized by combustion method
with microwave-assistant.
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Table 1
TG-DSC analysis table of powder reaction depending on temperature
Temperature Reactions
0~400°C The loss of remaining water and organic solvents
432.98°C formation of #Al0,
579.80°C Complete decomposition of calcium nitrate to CaO and crystallization of CaO
908.53°C Crystallization of »~Al, O and formation of a~Al,O;
1000°C~ Transformation of non-equilibrium CaO - AL,O; to equilibrium C12A7
Post-Annealing Activated by UV
Cage Cage Cage illumination Cage

of

Ar/H atmosphere

oriorio

Semiconductor

Fig. 4. Schematics of our experimental procedures about substitution to H ion into C12A7 cages. H ion that substituted in C12A7
cages give electronic properties to the insulating C12A7.
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Fig. 7. Electrical resistivity diagram of C12A7:H. Lowest resis-
tivity value of CI2A7:H is 10° Q- cm due to 8 h post-annealed
C12A7:H in Ar/H 8 : 2 atmosphere at 1000°C.
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Table 2

Electrical resistivity table of post-annealed C12A7:H in Ar/H atmosphere

Material Processing condition with 1 h UV illumination Electric resistivity (Ar/H=9: 1) Electric resistivity (Ar/H =8 : 2)
C12A7 (Not-treated) - ~10"U/em ~10" Yem

C12A7:H powder Ar/H atmosphere 1000°C/4 h ~10°U/cm ~10° Q/em

C12A7:H powder Ar/H atmosphere 1000°C/6 h ~10°U/cm ~10* Q/em

C12A7:H powder Ar/H atmosphere 1000°C/8 h ~10*Ulem ~10* Q/cm

C12A7:H powder Ar/H atmosphere 1000°C/10 h ~10*Ulem ~10* Q/cm
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