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For clarification of the relation between void fraction and effective thermal conductivity of metal 

hydride, it is important to measure an expansion and a contraction ratio directly. From this viewpoint, 

we have constructed visualization experimental apparatus to measure change in the volume of the 

metal hydride packed bed. In present paper, our first apparatus was evaluated. The results of the 

evaluations show that the present apparatus has capability of the visualization measurement in a 

pressure range from 5 Pa to 1.1 MPa. The measuring error of hydrogen storage capacity will be 

within ±1% of the maximum hydrogen absorption rate. 
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P1 㸸 ࢡࣥࢱᅽຊ [Pa] 

P2 㸸 ヨ㦂㒊ᅽຊ [Pa] 
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T4 㸸 Ỉ  [℃] 

T5 㸸 ෭Ỉ ᗘ [℃] 

T6 㸸  Ỉ ᗘ [℃] 

σ 㸸 ᭱ ᘬᙇᛂຊ 
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Fig.2  Appearance of experimental apparatus. 
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Fig.3  Pressure tight case. 

Stainless-steel flange 

Polycarbonate flange 

Polycarbonate pipe 
Thickness 6mm 

Clincher 

Screw nut 

150mm 

Gasket 

77mm 

Return 

Vacuum 
pump 

Hydrogen 
cylinder 

P1 
T1 

P2 T3 
T2 Cool water tank 

Hot water tank 

Pressure control valve 

Vent 

Secondary 
tank 

Test section 
Circulation pump 

Metal hydride 

Fig.1  Schematic of experimental apparatus. 



ᚠ⎔Ỉࡢእ㒊ࡣ Ỉࠋࡿ࠸࡚ࡗ⾜ࢆᗘไᚚ ࡚ࡗࡼ

౪⤥※୍࡚ࡗࡼᐃ ᗘಖࠋࡿ࠸࡚ࢀࡓ Ỉ෭Ỉ

 ࠋࡿ࠶࡛⬟ᗘ⠊ᅖ࡛ไᚚྍ ࡢ℃0㹼80ࠊࡾ࠶ࡀ⤥౪ࡢ

ィ ࠊࡣ㸰ḟࡢࢡࣥࢱᅽຊ P1 ᅽィࢪ࣮ࢤࡣ

㸦KYOWA PG-50KU㸧ࠊ࡚ࡗࡼヨ㦂㒊ࡢᅽຊP2ࡣ

⤯ᑐᅽィ㸦࣋ࢿ࣑ NS100A㸧࡚ࡗࡼィ ࠋࡿ࠸࡚ࡋ

㸰ḟࢡࣥࢱ ᗘ T1ࠊヨ㦂㒊 ᗘ T2ࠊỈ⣲྾ⶶྜ㔠ࡢ

 ᗘ T3ࣝࣜࢡࠊỈᵴỈ  T4ࠊᚠ⎔Ỉ⏝ࢡࣥࢱỈ 

T5,T6 ࡚ࡍࠋࡿ࠸࡚ࡋ ィ࡚ࡗࡼ㹉ᆺ⇕㟁ᑐࠊࡣ

ࠊ࡚ࡗࡼィ ჾ㸦YOKOGAWA WE500㸧ࠊࡣ್ ィࡢ

ᑓ⏝ PC ࡋ⛊㸯ࡣ㛫㝸ࢢࣥࣜࣉࣥࢧࠋࡿࢀࡉグ㘓

 ࠋࡓ

Ỉ⣲྾ⶶྜ㔠ࡢయ✚࣓ࣛ࢝࢜ࢹࣅࠊࡣ㸦Victor 

GZ-HD620㸧ྍ࡚ࡗࡼどィ ࠊ࠸⾜ࢆ⏬ീฎ⌮ࢆ

 ࠋࡿࡍฟ⟭࡚ࡗ⾜

 

3.    ホホホホ    ౯౯౯౯    ヨヨヨヨ    㦂㦂㦂㦂    ⤖⤖⤖⤖    ᯝᯝᯝᯝ 

3࣭࣭࣭࣭1    ⪏ᅽᛶ⬟⪏ᅽᛶ⬟⪏ᅽᛶ⬟⪏ᅽᛶ⬟  ࢆ࣒࢘ࣜ࣊ࠊࡎࡲ⏝ࠊࡋ⪏ᅽ

ᐜჾࡢ⪏ᅽᛶ⬟ホ౯ヨ㦂ࠋࡓࡗ⾜ࢆ⤖ᯝࠊࡣ┿✵≧ែ

㸦5Pa㸧1.0ࠊMPa㸦⤯ᑐᅽ 1.1MPa㸧࡛ࡢࡽࡕࠊࡣሙ

⏕ࡣၥ㢟ࡶ࡚ࡋ⨨㸯㛫௨ୖᨺࠊࡎࡌ⏕ࡣࢀ₃ࠊࡶྜ

ែ㸦5Pa㸧≦✵┿ࠊࡓࡲࠋࡓࡗ࡞ࡌ 1.0MPa㸦⤯ᑐ

ᅽ 1.1MPa㸧ࢆ 10ᅇ௨ୖ⧞ࡾ㏉ࠊࡀࡓࡋၥ㢟࡞ࡌ⏕ࡣ

ࡗ࠸࡚ࡆୖࢆᅽຊࠎᚎࡽ1.0MPaࠊࡋࡋࠋࡓࡗ

1.37MPa㸦⤯ᑐᅽࠊሙྜࡓ 1.47MPa㸧࡛࢟ࢵࣃ࣒ࢦࠊ

ࣥ㒊ศࡽࡉࠊࡵࡓࡢࡑࠋࡓࡌ⏕ࢆࢀ₃࣒࢘ࣜ࣊ࡽ

㧗࠸ᅽຊ࡛ྍࡢどヨ㦂ࢆᚲせࡿࡍሙྜࠊࡣ㸰㔜㹍

 ࠋࡿ࠸࡚ࡋウ᳨ࢆ࡞ࡇࡿࡍᵓ㐀ࢢࣥࣜ

LaNi5ࠊࡣࡎࡲ ࢆࡇࡿࡍどྍࢆᙇ⦰≉ᛶ⭾ࡢ

┠ⓗࠊ࡛ࡢࡿ࠸࡚ࡋ┿✵≧ែ㸦5Pa㸧㹼1.0MPa㸦⤯

ᑐᅽ 1.1MPa㸧࡛ ࡃ࡞ၥ㢟ࠊࡣ࡚࠸࠾どヨ㦂ྍࡢ

ᮇάᛶึࡢᐜჾ࡛ࡢࡇࠊࡋࡔࡓࠋࡓࡋุ᩿ࡿࡁ࡛⏝

ࡣᅔ㞴࡛ࠋࡿࢀࡽࡳࡿ࠶ 

3࣭࣭࣭࣭2     ᗘไᚚ ᗘไᚚ ᗘไᚚ ᗘไᚚ  ᮏ⨨࡛ࠊࡣእഃࡢ⪏ᅽᐜჾ

ෆ㒊ࡢỈ⣲྾ⶶྜ㔠ᐜჾࢆศ㞳ࠊࡵࡓࡓࡋヨ㦂㒊࡛

⎔ᚠࠊ࡛ࡇࡑࠋࡿࢀࡽࡳࡿࡀ㛫ᗘไᚚ ࡢ

Ỉࡢ ᗘኚᑐࡿࡍヨ㦂㒊ࡢ ᗘኚࡢィ ࡗ⾜ࢆ

ᅗࠋࡓ ࠊࡣᅗࠋࡍ♧ࢆ୍ࡢィ ⤖ᯝࡢᗘኚ 5

⇕ఏᑟࡀᅔ㞴࡞┿✵≧ែࠊ࡚࠸࠾ᖖ 㸦30℃㸧ࡽ

Ᏻ࡛℃70ࠊࡾ࠶ᯝ࡛⤖ࡢࡁࡓࡏࡉኚࢆᗘ ℃70

ᐃࠊ࡛ࡲࡿࡍ⣙㸯㛫༙ࡢ㛫ࢆせࠋࡓࡋ⪏ᅽᐜჾෆ

ఏ⇕࡛ࡿࡼỈ⣲ࠊࡤࢀ࠸࡚ࡗධࡶ࡛ࡋᑡࡀỈ⣲

㛫▷⦰ࡢഴྥࡀぢࠊࡶ࡛ࢀࡑࠊࡀࡿࢀࡽᛴ⃭࡞ ᗘኚ

ᑐࡿࡍ ᗘไᚚࡣᅔ㞴࡛ࡿ࠶ぢࠋࡿࢀࡽᚑࠊ࡚ࡗ

Ỉ⣲྾ⶶࡢⓎ⇕ࠊỈ⣲ᨺฟࡢ྾⇕ᑐࠊࡣ࡚ࡋ

㛫࡚ࡅࢆᑐฎࡿࡍᚲせࠊࡾ࠶ࡀᮏ⨨࡛ࠊࡣᐃᖖ≧

ែࡢ ᗘࠊᅽຊᑐࡿࡍỈ⣲྾ⶶ㔞ࠊ⭾ᙇ⋡ࡢィ 

 ࠋࡿ࡞

ࡋ⏝ࢆ㟁ᑐ⇕ࠊࡣ ⢭ᗘ⢭ᗘ⢭ᗘ⢭ᗘ   ᗘィࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹࢱ࣮ࢹ    3࣭࣭࣭࣭3

⢭ᗘ࡛ࡢࡿ࠸࡚ 0.1℃⛬ᗘࠊࡋࡔࡓࠋࡿࢀࡽ࠼⪄ ᐃ

⬟ศゎࠊࡣ 0.1μV࡛㟁ᅽ್ࢆ ᐃࠊࡋ㟁ᅽ್ࡽ ᗘ

ィ⟬0.02±ࡣ࡛ࡁࡘࡽࡤࡢࢱ࣮ࢹࠊࡵࡓࡿ࠸࡚ࡋࢆ℃

 ࠋࡿ࠸࡚࠼⾜ࡀ ィࡢ⠊ᅖࡢ

ᅽຊィ ࠊࡣ㸰ḟࢡࣥࢱ⏝ࢪ࣮ࢤࡢᅽィࡢᵝࡀ

⢭ᗘ ⢭ᗘࡀᵝࡢᑐᅽィ⤯ࡢ⏝ヨ㦂㒊ࠊ1% 0.2%࡛

ኚࠊࡣᅽຊ࡛ࡿࡅ࠾ࢡࣥࢱ㸰ḟࠊࡣィ ⤖ᯝࠋࡿ࠶
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Fig.5  Temperature of test section. 

Fig.4  Metal hydride case. 
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Fig.6  Error of pressure at the secondary tank. 
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ኚࡶ࡚ࡵྵࢆ್ ィ࡞࠺ࡼࡢࢬࣀࠊࡣ࡛ ᅽຊィࡢ

ື⠊ᅖ±0.002MPaࡢィ ࠋࡿ࠸࡚࠼⾜ࡀᅗ㸵ヨ㦂㒊

 ࠋࡍ♧ࢆኚື⠊ᅖࢱ࣮ࢹࡿࡅ࠾ ᅽຊィࡢ࡛

Ỉ⣲྾ⶶ㔞ࠊࡣィ ࡓࡋᅽຊࠊ ᗘࠊ๓ ᐃࡋ

ࡢෆࢡࣥࢱ㸰ḟࠊࡽ✚యࡢ࡛ࣥࣙࢩࢡࢭྛࡓ࠸࠾࡚

Ỉ⣲㔞ࡢኚヨ㦂㒊ࡢỈ⣲㔞ࢆ⟬ฟ࡚ࡋᑟࡁฟࡇࡍ

ฟ್⟭ࡢ✚యࡢ࡞⟶㓄ࡸࢡࣥࢱࠊ࡛ࡇࡇࠋࡿ࡞

ㄗᕪࡿࡍุ᩿ࡽ࡞ᐃ⤖ᯝ ࡢ ணഛィࠊࡣ 3%

⛬ᗘ᭱ࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࢀࡲྵࡣ⤊ⓗࠊ㸰ḟࢱ

ࡑࠊሙྜࡓࡋฟ⟭ࢆỈ⣲྾ⶶ㔞ࡽỈ⣲ኚ㔞ࡢࢡࣥ

ࡢLaNi5ࠊࡣㄗᕪࡢ 100g᭱ࡢ྾ⶶ㔞 1.4gᑐࠊ࡚ࡋ

±1.0%ᮍ‶ࠋࡿࢀࡽ࠼⪄ 

3࣭࣭࣭࣭4    య✚ィ య✚ィ య✚ィ య✚ィ   Ỉ⣲྾ⶶྜ㔠ࡢ⭾ᙇ⦰ࣅࠊࡣ

Ỉ⣲྾ⶶྜᅗ㸶ࠋࡿ࡞ࡇࡿࡍฟ⟭ࡽീ⏬࢜ࢹ

㔠LaNi5ࢆෆ㒊ᐜჾ 100gሸࡿ࡞␗ࠊࡋሸ⋡࡞

࡞ࡽᖹࡀ㠃⾲ࡣ(a)ࠋࡍ♧ࢆീ⏬ࡢࡁࡓࡋ࠺ࡼࡿ

ࡣ(b)ࠊែ≦ࡢࡅࡔࡓࡋᗘ⛬ࡿ 10 ᅇࣉࢵࢱሸࡓࡋ

≧ែࠊ(c)ࡀ 100ᅇ௨ୖࣉࢵࢱሸࡓࡋ≧ែ࡛ࡇࠋࡿ࠶

ࡶᶓ᪉ྥࠊ᪉ྥ⦪ࡣゎീᗘࠊ࡚࠸࠾ീ⏬ࡢ

0.0775mm/pixel ⟭ࢆ⋠㝽✵ࡢࢀࡒࢀࡑࠋࡿ࠸࡚ࡗ࡞

ฟࠊࡿࡍ(a)52%ࠊ(b)47%ࠊ(c)39%ࠋࡿ࡞ 

ヨ㦂ࡿࡅ࠾⏬ീ࡛ࠊࡣゎീᗘࠊࡀ⣙ 0.17mm/pixel

ࡉฟ⟭ࡽ࠸㐪ࡢࣝࢭࢡࣆ㸯ࠊࡵࡓࡿࢀࡽࡳࡿ࡞

⣙ࡣ⬟ศゎࡢ⋠㝽✵ࡿࢀ 0.5㸣ࠋࡿࢀࡽࡳࡿ࡞ 

 

4.    ⤖⤖⤖⤖            ゝゝゝゝ 

ᮏ◊✲ࠊࡣỈ⣲྾ⶶྜ㔠ࡢ⭾ᙇ⦰≉ᛶࢆㄪࡓࡿ

≉⨨ࡢࡑࠊ࠸⾜ࢆᵓ⠏ࡢ⨨ࡿࡁ᥋ྍど࡛┤ࠊࡵ

ᛶホ౯ࠋࡓࡗ⾜ࢆᚓࡓࢀࡽ⤖ᯝࢆ௨ୗࠋࡿࡵࡲ 

㸦㸯㸧ᮏ⨨࡛ࠊࡣ┿✵≧ែ㸦5Pa㸧ࡽ 1.0MPa㸦⤯

ᑐᅽ 1.1MPa㸧࡛ྍࡢどヨ㦂ࠋࡿ࠶࡛⬟ྍࡀ 

㸦㸰㸧0℃ࡽ ࡛⬟ྍࡀ⠊ᅖ࡛ ᗘไᚚࡢ࡛ࡲ℃80

Ỉ⣲྾ⶶࡿࡍᑐᅽຊࠊᗘ ࡢᐃᖖ≧ែࠊࡀࡿ࠶

㔞ࠊ⭾ᙇ⋡ࡢィ ࠋࡿ࡞ 

㸦㸱㸧Ỉ⣲྾ⶶ㔞ࡣLaNi5ࡢ 100g᭱ࡢ྾ⶶ㔞 1.4g

 ࠋࡿࡁ࡛ ±1.0%ᮍ‶࡛ィࠊ࡚ࡋᑐ

 

ᚋࡢࡇࠊ⨨࡛ࠊỈ⣲྾ⶶྜ㔠ࡢ⭾ᙇ⦰≉ᛶࡢ

ヲ⣽࡞ヨ㦂ࠊࡽࡉࠋ࠺⾜ࢆ⭾ᙇ⦰ࡿࡼሸᐦᗘ

ࢆ✲◊ࡿࡍ㛵ᙳ㡪ࡢ⋠᭷ຠ⇕ఏᑟࡿࡍᑐኚࡢ

 ࠋࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡗ⾜ࢆ࡞⨨ᨵⰋࡵࡓ࠺⾜
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Fig.7  Error of pressure at the test section. 

Fig.9  Photographs in three types of void fraction. 

(a)52%  (b)47%        (c)39% 


