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fhccbeg"\f("Ybe"XkT`c_X("Ta"\bab`Xe*"9f"g[X"TUbiX"X_XVgebWX"VTgT_lfg("Ta"X_XVgebWX"

VTgT_lfg"hfXW"\a"T"^abja"I>?<"VTa"UX"hfXW*"L[X"X_XVgebWX"VTgT_lfg"VTa"UX("Ybe"XkT`c_X("

T"abU_X"`XgT_"VTgT_lfg"fhV["Tf"c_Tg\ah`("cT__TW\h`("\e\W\h`("ehg[Xa\h`*"9_gXeaTg\iX_l("
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`TWX"bY"cbebhf"UbW\Xf("TaW"eXTVg\iX"ZTfXf"W\YYhfX"g[XeX\a*"L[X"TabWX"ZTf"W\YYhf\ba"_TlXe"

2;"TaW"g[X"VTg[bWX"ZTf"W\YYhf\ba"_TlXe"3;"`Tl"UX"`TWX"bY("Ybe"XkT`c_X("T"`XgT_"cbebhf"

`TgXe\T_"be"T"abajbiXa"YTUe\V"bY"T"VTeUba"Y\UXe*"Ba"g[X"ceXfXag"X`UbW\`Xag("g[X"TabWX"
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VbaWhVg\i\gl*"
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" 9"WX[lWebZXaTg\ba"VTgT_lfg"\f"Vbhc_XW"gb"Tg"_XTfg"baX"bY"g[X"TabWX"ZTf"W\YYhf\ba"

_TlXe"2;"TaW"g[X"TabWX"VTgT_lfg"_TlXe"29*"L[X"WX[lWebZXaTg\ba"VTgT_lfg"`Tl"ceXYXeTU_l"

UX"T"c_Tg\ah`"VTeel\aZ"T_h`\aT"VTgT_lfg"hfXW"Ybe"Ta"beZTa\V"V[X`\VT_"[lWe\WX"`Xg[bW*"

L[X"c_Tg\ah`"VTeel\aZ"T_h`\aT"VTgT_lfg"\aV_hWXf"Ta"T_h`\aT"VTee\Xe"TaW"c_Tg\ah`"Tf"Ta"

TVg\iX"`XgT_"VTee\XW"Ul"g[X"T_h`\aT"VTee\Xe*"I_Tg\ah`"\f"Ybe`XW"\agb"cTeg\V_Xf("TaW"

W\fcXefXW_l"VTee\XW"Ul"g[X"T_h`\aT"VTee\Xe*"L[X"c_Tg\ah`"VTeel\aZ"T_h`\aT"VTgT_lfg"[Tf"

TVg\i\gl"j\g["eXfcXVg"gb"g[X"WX[lWebZXaTg\ba"eXTVg\ba"bY"T"[lWebZXaTgXW"Teb`Tg\V"fhV["Tf"

`Xg[l_VlV_b[XkTaX*"
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" L[X"TiXeTZX"cTeg\V_X"W\T`XgXe"bY"g[X"c_Tg\ah`"cTeg\V_Xf"`Tl"UX"."a`"be"_Xff("

ceXYXeTU_l"UXgjXXa",*1"a`"TaW".*,"a`"\aV_hf\iX("`beX"ceXYXeTU_l"UXgjXXa",*4"a`"TaW"

-*1"a`"\aV_hf\iX*"?heg[Xe("g[X"f\mX"bY"3,$"be"`beX"bY"g[X"c_Tg\ah`"cTeg\V_Xf"`Tl"UX"."

a`"be"_Xff("ceXYXeTU_l"UXgjXXa",*1"a`"TaW".*,"a`"\aV_hf\iX("TaW"`beX"ceXYXeTU_l"

UXgjXXa",*4"a`"TaW"-*1"a`"\aV_hf\iX*"L[X"TiXeTZX"cTeg\V_X"W\T`XgXe"TaW"f\mX"bY"g[X"

c_Tg\ah`"cTeg\V_Xf"`Tl"UX"`XTfheXW"Ul"T"geTaf`\ff\ba"X_XVgeba"`\VebfVbcl*"L[X"

c_Tg\ah`"cTeg\V_Xf"`Tl"UX"VTee\XW"Ul"g[X"T_h`\aT"VTee\Xe"Tf"c_Tg\ah`"X_X`Xag"%Ig&"\a"T"

eTaZX"UXgjXXa",*-"jg*$"TaW"-*1"jg*$"\aV_hf\iX*"
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T_h`\aT"VTee\Xe"`Tl"UX".,,"`.+Z"be"`beX("T"cbeX"ib_h`X"bY"g[X"e)T_h`\aT"VTee\Xe"`Tl"

UX",*1,"`.+Z"be"`beX("Ta"TiXeTZX"cbeX"W\T`XgXe"bY"g[X"e)T_h`\aT"VTee\Xe"`Tl"UX"\a"T"

eTaZX"bY"2,"r"gb"-1,"r("TaW"T"eTg\b"bY"T"ib_h`X"bY"cbeXf"[Ti\aZ"T"W\T`XgXe"j\g[\a"q/,"
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" L[X"c_Tg\ah`"VTeel\aZ"T_h`\aT"VTgT_lfg"Tf"g[X"WX[lWebZXaTg\ba"VTgT_lfg"`Tl"

[TiX"T"fXVbaW"Vb`cbaXag"gbZXg[Xe"j\g["g[X"c_Tg\ah`"cTeg\V_Xf*"L[X"fXVbaW"Vb`cbaXag"

`Tl"UX"Tg"_XTfg"baX"fX_XVgXW"Yeb`"T"Zebhc"Vbaf\fg\aZ"bY"T_^T_\"`XgT_"fhV["Tf"fbW\h`"TaW"

cbgTff\h`("iTaTW\h`("`b_lUWXah`("V[eb`\h`("fh_Yhe("TaW"c[bfc[behf*"L[X"fXVbaW"

Vb`cbaXag"`Tl"UX"VTee\XW"Ul"g[X"T_h`\aT"VTee\Xe"\a"T"eTaZX"bY",*1"jg*$"gb"-*1"jg*$*"

?be"XkT`c_X("g[X"T_h`\aT"VTee\Xe"`Tl"VbagT\a"fh_Yhe"be"T"fh_Yhe"Vb`cbhaW"\a"T"eTaZX"

UXgjXXa",*1"jg*$"TaW"-*."jg*$"\aV_hf\iX"Tf"X_X`XagT_"fh_Yhe"%K&*"?heg[Xe("g[X"T_h`\aT"

VTee\Xe"`Tl"VTeel"T_^T_\"`XgT_"\a"T"eTaZX"UXgjXXa",*1"jg*$"TaW"-*1"jg*$"\aV_hf\iX*"L[X"

fXVbaW"Vb`cbaXag"\aVeXTfXf"g[X"fX_XVg\i\gl"bY"g[X"c_Tg\ah`"VTeel\aZ"T_h`\aT"VTgT_lfg("

g[XeXUl"XkgXaW\aZ"g[X"_\YX"bY"g[X"VTgT_lfg*"

R,,25S"

" L[X"WX[lWebZXaTg\ba"VTgT_lfg"`Tl"UX"cebi\WXW"\a"g[X"TabWX"ZTf"W\YYhf\ba"_TlXe"

2;"\a"iTe\bhf"^abja"Ybe`f*"?be"XkT`c_X("g[X"WX[lWebZXaTg\ba"VTgT_lfg"`Tl"UX"Ybe`XW"

\agb"T"cbjXe("TaW"g[X"cbjWXel"WX[lWebZXaTg\ba"VTgT_lfg"`Tl"UX"Y\kXW"gb"T"fgehVgheX"

Ybe`\aZ"g[X"TabWX"ZTf"W\YYhf\ba"_TlXe"2;*"?heg[Xe("g[X"TabWX"ZTf"W\YYhf\ba"_TlXe"2;"`Tl"

UX"Ybe`XW"Ul"ch_iXe\m\aZ"g[X"WX[lWebZXaTg\ba"VTgT_lfg"TaW"`b_W\aZ"g[X"ch_iXe\mXW"

WX[lWebZXaTg\ba"VTgT_lfg*"L[X"WX[lWebZXaTg\ba"VTgT_lfg"`Tl"UX"cebi\WXW"\a"g[X"TabWX"

VTgT_lfg"_TlXe"29*"
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" L[X"Y\efg"fXcTeTgbe"5"WXY\aXf"g[X"TabWX"V[T`UXe"4"UXgjXXa"g[X"Y\efg"fXcTeTgbe"5"

TaW"g[X"TabWX"ZTf"W\YYhf\ba"_TlXe"2;*"9"c_heT_\gl"bY"ZebbiXf"Ybe`\aZ"g[X"TabWX"V[T`UXe"

4"`Tl"UX"cebi\WXW"ba"Ta"TabWX"ZTf"W\YYhf\ba"_TlXe"f\WX"%T"f\WX"bY"g[X"TabWX"ZTf"

W\YYhf\ba"_TlXe"2;&"bY"g[X"Y\efg"fXcTeTgbe"5*"9"fcTVXe"-1"`Tl"UX"cebi\WXW"UXgjXXa"g[X"

Y\efg"fXcTeTgbe"5"TaW"g[X"TabWX"ZTf"W\YYhf\ba"_TlXe"2;"gb"XkcTaW"g[X"TabWX"V[T`UXe"4*"Ba"
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Tabg[Xe"X`UbW\`Xag("g[X"fcTVXe"-1"`Tl"UX"b`\ggXW("TaW"g[X"Y\efg"fXcTeTgbe"5"TaW"g[X"

TabWX"ZTf"W\YYhf\ba"_TlXe"2;"`Tl"UX"\a"W\eXVg"VbagTVg"j\g["XTV["bg[Xe*"
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" L[X"fXVbaW"fXcTeTgbe"-."WXY\aXf"g[X"VTg[bWX"V[T`UXe"--"UXgjXXa"g[X"fXVbaW"

fXcTeTgbe"-."TaW"g[X"VTg[bWX"ZTf"W\YYhf\ba"_TlXe"3;*"9"c_heT_\gl"bY"ZebbiXf"Ybe`\aZ"g[X"

VTg[bWX"V[T`UXe"--"`Tl"UX"cebi\WXW"ba"T"VTg[bWX"ZTf"W\YYhf\ba"_TlXe"f\WX"%T"f\WX"bY"g[X"

VTg[bWX"ZTf"W\YYhf\ba"_TlXe"3;&"bY"g[X"fXVbaW"fXcTeTgbe"-.*"9"fcTVXe"-2"`Tl"UX"

cebi\WXW"UXgjXXa"g[X"fXVbaW"fXcTeTgbe"-."TaW"g[X"VTg[bWX"ZTf"W\YYhf\ba"_TlXe"3;"gb"

XkcTaW"g[X"VTg[bWX"V[T`UXe"--*"Ba"Tabg[Xe"X`UbW\`Xag("g[X"fcTVXe"-2"`Tl"UX"b`\ggXW("

TaW"g[X"fXVbaW"fXcTeTgbe"-."TaW"g[X"VTg[bWX"ZTf"W\YYhf\ba"_TlXe"3;"`Tl"UX"\a"W\eXVg"

VbagTVg"j\g["XTV["bg[Xe*"
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" L[X"Y\efg"fXcTeTgbe"5"TaW"g[X"fXVbaW"fXcTeTgbe"-."TeX"`TWX"bY"[XTg"VbaWhVgbef*"

?heg[Xe("\a"g[X"ceXfXag"X`UbW\`Xag("g[X"Y\efg"fXcTeTgbe"5"TaW"g[X"fXVbaW"fXcTeTgbe"-."TeX"

`TWX"bY"X_XVge\VT_"VbaWhVgbef*"L[X"Y\efg"fXcTeTgbe"5"TaW"g[X"fXVbaW"fXcTeTgbe"-."`Tl"UX"

`TWX"bY"`XgT_"fhV["Tf"fgT\a_Xff"fgXX_("VTeUba("be"T"VTeUba"eXf\a"Vb`cbf\gX("Ybe"XkT`c_X*"

L[X"Y\efg"fXcTeTgbe"5"\f"X_XVge\VT__l"VbaaXVgXW"j\g["g[X"TabWX"2("TaW"g[X"fXVbaW"fXcTeTgbe"
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bY"baX"bY"g[X"cbjXe"ZXaXeTg\ba"VX__f"."\f"\a"VbagTVg"j\g["g[X"fXVbaW"fXcTeTgbe"-."bY"

Tabg[Xe"bY"g[X"cbjXe"ZXaXeTg\ba"VX__f"."fb"Tf"gb"XkV[TaZX"[XTg*"L[X"Y\efg"fXcTeTgbe"5"TaW"

g[X"fXVbaW"fXcTeTgbe"-."bY"g[X"cbjXe"ZXaXeTg\ba"VX__f"."TW]TVXag"gb"XTV["bg[Xe"`Tl"UX"

Ybe`XW"\agXZeT__l*"9f"g[X"Y\efg"fXcTeTgbe"5"TaW"g[X"fXVbaW"fXcTeTgbe"-."TeX"\a"VbagTVg"

j\g["XTV["bg[Xe("g[X"TW]TVXag"cbjXe"ZXaXeTg\ba"VX__f"."TeX"X_XVge\VT__l"VbaaXVgXW"\a"
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R,,31S"
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[XTgXe"/."`Tl"UX"Ta"X_XVge\V"[XTgXe"g[Tg"[Tf"T"cbjXe"_\aX"g[Tg"ZXaXeTgXf"[XTg"Ul"

X_XVge\V\gl("be"T"[XTgXe"g[Tg"hfXf"Vb`Uhfg\ba"[XTg"bY"Ybff\_"YhX_"Tf"T"[XTg"fbheVX*"L[X"
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_\dh\W"fXcTeTg\ba"WXi\VX"/0*"L[X"Vbb_Xe"//"Vbb_f"Ta"Xk[Thfg"ZTf"W\fV[TeZXW"Yeb`"g[X"YhX_"

bhg_Xg"..*"L[X"Xk[Thfg"ZTf"`T\a_l"VbagT\af"gb_hXaX"TaW"[lWebZXa"Ybe`XW"Yeb`"

`Xg[l_VlV_b[XkTaX"TaW"haeXTVgXW"`Xg[l_VlV_b[XkTaX*"L[X"Vbb_Xe"//"_\dhXY\Xf"gb_hXaX"
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R,,33S"

" L[X"ZTf)_\dh\W"fXcTeTg\ba"WXi\VX"/0"fXcTeTgXf"_\dh\W"gb_hXaX"TaW"

`Xg[l_VlV_b[XkTaX"Yeb`"g[X"Xk[Thfg"ZTf*"L[X"fXcTeTgXW"gb_hXaX"TaW"`Xg[l_VlV_b[XkTaX"

TeX"fgbeXW"\a"g[X"hfXW"YhX_"gTa^"/1*"L[X"ZTfXbhf"Vb`cbaXag"bY"g[X"Xk[Thfg"ZTf"Yeb`"

j[\V["_\dh\W"gb_hXaX"TaW"`Xg[l_VlV_b[XkTaX"[TiX"UXXa"fXcTeTgXW"\f"`T\a_l"[lWebZXa*"

L[\f"ZTfXbhf"Vb`cbaXag"bY"g[X"Xk[Thfg"ZTf"`Tl"UX"fXag"i\T"c\cXf"Yeb`"g[X"ZTf)_\dh\W"
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T\e*"L[X"bhg_Xg"bY"g[X"VTg[bWX"V[T`UXe"--"\f"VbaaXVgXW"gb"T"W\fV[TeZX"c\cX"g[Tg"
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" L[X"YhX_"VX__"-"`Tl"\aV_hWX"T"gX`cXeTgheX"TW]hfgbe"VbaY\ZheXW"gb"`T\agT\a"g[X"

gX`cXeTgheX"bY"g[X"cebgba"VbaWhVgbe"1"UXgjXXa".,,p<"TaW"2,,p<"\aV_hf\iX*"L[X"

gX`cXeTgheX"TW]hfgbe"`Tl"`T\agT\a"g[X"gX`cXeTgheX"bY"g[X"cebgba"VbaWhVgbe"1"UXgjXXa"

.1,p<"TaW"2,,p<"\aV_hf\iX*"L[X"gX`cXeTgheX"TW]hfgbe"`Tl"UX"g[X"[XTgXe"/."g[Tg"TW]hfgf"

g[X"gX`cXeTgheX"bY"`Xg[l_VlV_b[XkTaX"fhcc_\XW"gb"g[X"TabWX"V[T`UXe"4*"9_gXeaTg\iX_l("

g[X"gX`cXeTgheX"TW]hfgXe"`Tl"UX"T"gX`cXeTgheX"TW]hfg\aZ"WXi\VX"0-"\aV_hW\aZ"Ta"T\e)

Vbb_\aZ"WXi\VX"g[Tg"Vbb_f"g[X"YhX_"VX__"fgTV^"/"Ul"bhgf\WX"T\e"be"T"jTgXe)Vbb_\aZ"WXi\VX"

g[Tg"Vbb_f"g[X"YhX_"VX__"fgTV^"/"j\g["Vbb_\aZ"jTgXe*"9_gXeaTg\iX_l("g[X"gX`cXeTgheX"

TW]hfgbe"`Tl"UX"T"Y_bj"eTgX"Vbageb_"iT_iX"g[Tg"eXZh_TgXf"g[X"Y_bj"eTgX"bY"

`Xg[l_VlV_b[XkTaX"fhcc_\XW"gb"g[X"TabWX"V[T`UXe"4*"L[X"cbjXe"ZXaXeTg\ba"`Xg[bW"
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VbaWhVgbe"1"UXgjXXa".,,p<"TaW"2,,p<"\aV_hf\iX*"L[X"gX`cXeTgheX"bY"g[X"YhX_"VX__"-"`Tl"
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`b_WXW("TaW"\g"\f"VbaY\e`XW"g[Tg"X_XVge\V"VbaWhVg\i\gl"\f"_bjXeXW"TVVbeW\aZ_l*"Ba"T"VTfX"

j[XeX"T"aba)TdhXbhf"fb_iXag"\f"hfXW"j[Xa"g[X"cebgba"VbaWhVgbe"\f"`TahYTVgheXW("g[X"

fgehVgheT_"fgTU\_\gl"\f"\`cebiXW"TaW"g[hf"g[X"X_XVge\V"VbaWhVg\i\gl"\f"\aVeXTfXW"XiXa"

g[bhZ["g[X"\ba"XkV[TaZX"eTgX"`Tl"UX"_bjXeXW"Tf"Vb`cTeXW"j\g["T"VTfX"j[XeX"Ta"

TdhXbhf"fb_iXag"\f"hfXW*"

R,,45S"



)".5")"

" K\aVX"g[X"YhX_"VX__"-"hfXf"g[X"cebgba"VbaWhVgbe"1"g[Tg"[Tf"eX_Tg\iX_l"[\Z["X_XVge\V"

VbaWhVg\i\gl"UXgjXXa".,,p<"TaW"2,,p<("fb"g[Tg"g[X"YhX_"VX__"-"VTa"XYY\V\Xag_l"ZXaXeTgX"

cbjXe*"?heg[Xe("f\aVX"g[X"WX[lWebZXaTg\ba"eXTVg\ba"\f"VThfXW"Ul"hf\aZ"g[X"[XTg"

ZXaXeTgXW"Ul"g[X"VTg[bWX"eXTVg\ba"Tg"g[X"VTg[bWX"3("XaXeZl"XYY\V\XaVl"VTa"UX"\`cebiXW*"

R,,5,S"

" Ba"g[X"YhX_"VX__"-("g[X"cebgbaf"TeX"eX`biXW"gb"g[X"bccbf\gX"X_XVgebWX"Ul"g[X"

cebgba"VbaWhVgbe("fb"g[Tg"g[X"V[X`\VT_"Xdh\_\Ue\h`"\f"f[\YgXW"gb"T"_bjXe"gX`cXeTgheX*"

9VVbeW\aZ_l("g[X"WX[lWebZXaTg\ba"eXTVg\ba"bY"fhUfgTag\T__l"-,,$"VTa"cebVXXW"XiXa"Tg"

/.,p<"be"_bjXe*"?heg[Xe`beX("g[X"WX[lWebZXaTg\ba"eXTVg\ba"VTa"UX"ceb`bgXW"Ul"

\aVeXTf\aZ"g[X"bcXeTg\ba"gX`cXeTgheX*"

R,,5-S"

" L[X"\aiXagbef"bY"g[X"ceXfXag"Tcc_\VTg\ba"[TiX"W\fVbiXeXW"g[Tg"g[X"cebgbaf"VTa"UX"

`biXW"Ul"cXeYbe`\aZ"g[X"\ba"XkV[TaZX"Yeb`"g[X"_\g[\h`"\baf"gb"g[X"[lWebZXa"\baf"

%cebgbaf&"\a"EBKB<HG*"?heg[Xe`beX("g[X"\aiXagbef"bY"g[X"ceXfXag"Tcc_\VTg\ba"[TiX"

W\fVbiXeXW"g[Tg"g[X"\ba"XkV[TaZX"hf\aZ"T"aba)TdhXbhf"fb_hg\ba"eTg[Xe"g[Ta"Ta"TdhXbhf"
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cebgba"VbaWhVgbe*"9f"WXfVe\UXW"TUbiX("g[X"cebgba"VbaWhVgbe"1"bY"g[X"YhX_"VX__"-"
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Claims 

 

1. An electrochemical cell, comprising: 

 a proton conductor represented by (Li, H)14-2xZn1+x(GeO4)4 where a portion of 

lithium ions of Li14-2xZn1+x(GeO4)4 where x is a number equal to or more than 0 is 

substituted with protons, the proton conductor having electric conductivity of 0.01 S/cm 

or more at 300°C; 

 an anode provided on one side of the proton conductor; 

 a cathode provided on another side of the proton conductor; 

 a first separator provided on an anode side of the proton conductor to define an 

anode chamber; and 

 a second separator provided on a cathode side of the proton conductor to define 

a cathode chamber. 

 

2. The electrochemical cell according to claim 1, further comprising a 

temperature adjustor configured to maintain a temperature of the proton conductor 

between 200°C and 600°C inclusive. 

 

3. The electrochemical cell according to claim 1 or 2, wherein the x is 0. 

 

4. The electrochemical cell according to any one of claims 1 to 3, wherein 40% to 

70% inclusive of movable lithium ions contained in Li14-2xZn1+x(GeO4)4 are substituted 

with the protons. 
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5. The electrochemical cell according to any one of claims 1 to 3, wherein 50% to 

60% inclusive of movable lithium ions contained in Li14-2xZn1+x(GeO4)4 are substituted 

with the protons. 

 

6. The electrochemical cell according to any one of claims 1 to 5, comprising a 

plurality of cells each including the proton conductor, the anode, the cathode, the first 

separator, and the second separator, 

 wherein the first separator of one of the plurality of cells is in contact with the 

second separator of another of the plurality of cells so as to exchange heat. 

 

7. The electrochemical cell according to any one of claims 1 to 6, wherein 

hydrogen is supplied to the anode chamber, 

 air is supplied to the cathode chamber, and 

 an electromotive force is generated between the anode and the cathode, and the 

electrochemical cell functions as a hydrogen-oxygen fuel cell. 

 

8. The electrochemical cell according to any one of claims 1 to 6, wherein a 

hydrogen-containing compound containing hydrogen is supplied to the anode chamber, 

 air is supplied to the cathode chamber, 

 a catalyst layer containing a catalyst configured to generate a hydrogen gas 

from the hydrogen-containing compound is provided in the anode chamber, and 

 an electromotive force is generated between the anode and the cathode, and the 

electrochemical cell functions as a hydrogen-oxygen fuel cell. 
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9. The electrochemical cell according to claim 8, wherein the hydrogen-

containing compound is an organic hydride compound where an aromatic having 1-3 

rings is hydrogenated. 

 

10. The electrochemical cell according to claim 8, wherein the hydrogen-

containing compound includes at least one selected from a group consisting of 

methylcyclohexane, cyclohexane, trimethylcyclohexane, decalin, benzyltoluene, and 

dibenzotriol. 

 

11. The electrochemical cell according to claim 8, wherein the hydrogen-

containing compound includes at least one selected from a group consisting of 

ammonia, formic acid, methanol, and dimethyl ether. 

 

12. The electrochemical cell according to any one of claims 8 to 11, wherein the 

catalyst is a dehydrogenation catalyst including an alumina carrier and platinum carried 

by the alumina carrier, and 

 an average particle diameter of the platinum is 2 nm or less. 

 

13. The electrochemical cell according to any one of claims 1 to 6, wherein water 

vapor is supplied to the anode chamber, 

 a DC power supply is connected between the anode and the cathode, and 

 the electrochemical cell functions as an electrolytic cell to form hydrogen at the 

cathode. 
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14. A power generation method using the electrochemical cell according to any 

one of claims 1 to 6, comprising: 

 supplying hydrogen to the anode chamber; 

 supplying air to the cathode chamber; and 

 maintaining a temperature of the proton conductor between 200°C and 600°C 

inclusive. 

 

15. A power generation method using the electrochemical cell according to any 

one of claims 1 to 6, comprising: 

 providing a catalyst layer in the anode chamber, the catalyst layer being 

configured to generate a hydrogen gas from a hydrogen-containing compound; 

 supplying the hydrogen-containing compound to the anode chamber; 

 supplying air to the cathode chamber; and 

 maintaining a temperature of the proton conductor between 200°C and 600°C 

inclusive. 

 

16. The power generation method according to claim 15, wherein the hydrogen-

containing compound is an organic hydride compound where an aromatic having 1-3 

rings is hydrogenated. 

 

17. The power generation method according to claim 15, wherein the hydrogen-

containing compound includes at least one selected from a group consisting of 

methylcyclohexane, cyclohexane, trimethylcyclohexane, decalin, benzyltoluene, and 

dibenzotriol. 
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18. The power generation method according to claim 15, wherein the hydrogen-

containing compound includes at least one selected from a group consisting of 

ammonia, formic acid, methanol, and dimethyl ether. 

 

19. The power generation method according to any one of claims 15 to 18, wherein 

the catalyst layer includes a dehydrogenation catalyst including an alumina carrier and 

platinum carried by the alumina carrier, and 

 an average particle diameter of the platinum is 2 nm or less. 

 

20. A manufacturing method of a hydrogen gas by electrolysis using the 

electrochemical cell according to any one of claims 1 to 6, comprising: 

 supplying water vapor to the anode chamber; 

 maintaining a temperature of the proton conductor between 200°C and 600°C 

inclusive; and 

 applying a DC voltage between the anode and the cathode and generating a 

hydrogen gas at the cathode. 

 

21. A manufacturing method of a hydrogen gas by electrolysis using the 

electrochemical cell according to any one of claims 1 to 6, comprising: 

 providing a catalyst in the anode chamber; 

 supplying the anode chamber with ammonia or at least one hydrocarbon 

selected from a group including methylcyclohexane, formic acid, methanol, and 

dimethyl ether; 

 maintaining a temperature of the proton conductor between 200°C and 600°C 

inclusive; 
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 applying a DC voltage between the anode and the cathode; and 

 generating the protons from the ammonia or the hydrocarbon by the catalyst in 

the anode chamber, moving the protons to the cathode through the proton conductor, 

and generating a hydrogen gas at the cathode. 

 

22. A manufacturing method of a hydrogen gas by electrolysis using the 

electrochemical cell according to any one of claims 1 to 6, comprising: 

 performing the electrolysis in a pressurized condition. 


