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² 1  ³´9VWPX 

Fig.1  Hydrogen sensor with erected U-shape tube 
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² 2  �´9VWPX 

Fig.2  Hydrogen sensor with inverted U-shape tube 
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� 3  ����� 

Fig.3  SCY5 (a), SCY10 (b), and SCY15 (c) proton conductor tubes 
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� 4  ����� 1450 �/10 h ���� XRD �� 

Fig.4  XRD patterns of mixed powders after calcining at 1450  �

for 10 h 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  � 5%Yb ����� 1000~1500 ��� 10 h �� 

XRD �� 

Fig.5  XRD patterns of 5%Yb-doped mixed powders after 

calcining at 1000~1500 � for 10 h 
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� 6  � 5%Yb ����� 1400 ��� 1, 4, 7 h �� 

XRD �� 

Fig.6  XRD patterns of 5%Yb-doped mixed powders after 

calcining at 1400 � for 1, 4, and 7 h 
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� 7  � 5%Yb����� 1000~1500 �� 10 h! SEM�" 

Fig.7  SEM images of 5%Yb-doped mixed powders after calcining at 1000 � (a), 1100 � (b), 1200 � (c), 1300 � (d), 1400 � (e), and 

1500 � (f) for 10 h 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  SCY5�#$%&'()*+,- 

Fig.8  Relationship between relative density and forming pressure 

for SCY5 tubes 
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� 9  SCY5�#$%.(/0*+,- 

Fig.9  Relationship between relative density and holding pressure 

time for SCY5 tubes 
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� 10  SCY5�#$%:(/0*+,- 

Fig.10  Relationship between relative density and pressure relief 

time for SCY5 tubes 
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Fig.11  EMF response of SCY5 probe with reference gas flow of 

20 or 40 mL/min 
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� 12  SCY5;<K�LM�NOP 

Fig.12  Measured and fitting EIS of SCY5 probe 
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� 13  SCY5;<K�NOP�Q=R 

Fig.13  Equivalent electrical circuit of the measured EIS for 

SCY5 probe 
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� 14  SCY5;<STUCDE�FGVNOP 

Fig.14  EIS of SCY5 probe at different gas flow 

 

 

 

 

 

 

 

 

 

 

 

� 15  W UX SCY5;<=>?-/0,- 

Fig.15  EMF response of erected U-shaped SCY5 probe 

with time 

 

 

 

 

 

 

 

 

 

 

 

� 16  Y UX SCY5;<=>?-/0,- 

Fig.16  EMF response of inverted U-shaped SCY5 probe  

with time 
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Fig.17  EMF responses of probes with different Yb-doped 

amounts with time 
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� 18  TUEZ[$ SCY5;<=>?-/0,- 

Fig.18  EMF responses of SCY5 probes with different air 

chamber lengths with time 
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@EZ[$ 23 mmA 

Fig.19  EMF responses of SCY5 probes of different wall thick- 

ness with time (air chamber length 23 mm) 

 

 

 

 

 

 

 

 

 

 

 

� 20  TU�\]$ SCY5;<=>?-/0,- 

@EZ[$ 14 mmA 

Fig.20  EMF responses of SCY5 probes with different wall thick- 

ness with time (air chamber length 14 mm) 
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� 21  TU SCY10;<U/�G=>?-/0,- 

Fig.21  EMF responses of different SCY10 probes 

with time 
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� 22  U^ SCY5;<_`�G=>?-/0,- 

Fig.22  EMF responses of the same SCY5 probe by multiple 

measurements 
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Application on Determination of Hydrogen Content in Molten Aluminum 
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Abstract: 5%, 10% and 15%Yb-doped SrCeO

3

-base proton conducting ceramic tubes were prepared by solid reaction and cold isostatic 

pressing method. Electromotive forces (EMF) were continuously detected by the hydrogen probes which were fabricated with the tubes in 

molten aluminum at 750 °C. Hydrogen contents were calculated as a result. Synthesis and pressing process parameters of ceramic tubes 

were discussed. The effects of Yb-doped amount, assembly methods, air chamber length, and bottom thickness of the probes on the 

response time, sensitivity, accuracy, reproducibility and impedance spectrum characteristics for the hydrogen sensors were studied. The 

results indicate that the mixed powders form relatively pure proton conductor after calcining at 1400 °C for 4 h. The relative density of the 

tubes is higher at higher pressure (275 MPa) or more holding pressure time (3~6 min). The inverted U-shaped sealing method is correct. 

The response time of the sensor can be reduced to 2~4 min using tubes which have more Yb doped amount, less tube wall thickness or 

shorter gas compartment length. The reference gas flow or pressure has a rapid, outstanding and reversible effect on the EMF. It is 

necessary to measure and control the reference gas flow or pressure for acquiring the accurate hydrogen content.  

Key words: Yb-doped SrCeO

3

; proton conductor; hydrogen sensor; cold isostatic pressing; hydrogen content in aluminium liquid 
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