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Introduction

Hydrogen accumulation, based upon the reversible
sorption of hydride-forming metals, is a widely
used way of hydrogen storage. One of the main
requirements to hydrogen sources for hydrogen
energetics is a release temperature, which
shouldn’t exceed 373K according to modern views
[1, 2]. From this point of view, some alloys on the
basis of palladium are of special interest.

Results and Discussion

As a result of the fulfilled work, equilibrium
deuterium pressures over palladium (foil, powder)
and Pd-In-Ru, Pd-Y(foil)-alloys, proposed for the
utilization in the work [3], have been measured.
The isotherms measured over (22°C — 100)°C tem-
perature range in the process of deuterium desorp-
tion are presented in Figs.1, 2. Pd-Y—D, system is
characterized by the absence of palladium deu-
teride isotherms plateau (Fig. 1)
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Fig.1 Equilibrium pressure isotherms
for Pd-Y—D, system

Pd-In-Ru alloy deuteride isotherms (Fig. 2)
are characterized by the presence of plateau. The
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extent of alloy plateau region at room temperature
is ~35 cm’/g and by ~40% smaller in comparison
with palladium isotherm.

The value of the equilibrium plateau pressure
for Pd-In-Ru alloy is 1,6 times lower than for pal-
ladium and constitutes ~2,7 kPa (~20,5 mm Hg) at
room temperature.

Fig.2 Equilibrium desorption pressure isotherms
for Pd—D,, Pd-In-Ru— D, systems
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e- Pd - powder, A- Pd - foil;
*- Pd-In-Ru — alloy foil.

The dependences of equillibrium desorption
(sorption) pressures on inverse temperature have
been plotted on the basis of measured isotherms.

Such a dependence for Pd-In-Ru alloy at
deuterium content in the alloy =~ 20 cm’/g (plateau
middle) is presented in Fig. 3.

The dependences of equilibrium sorption
and desorption pressures on temperature for the
alloy deuteride can be expressed by the relations:

1gP s (kPa)=6,66-1787,0/T;

1gP 4 (kPa)=7,49-2082,3/T.

The values of enthalpy and entropy for
Pd-In-Ru alloy deuteride decomposition and for-
mation have been calculated from the obtained de-
pendences:

AHges= 40 kJ/mol, AS4.s= 105 J/mol-deg;



AH,ps= 34 kJ/mol, ASs= 89 J/mol-deg.
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Fig. 3. Temperature dependence of equilibrium
deuterium pressure for Pd-In-Ru alloy.

The dependences of the equilibrium sorp-
tion-desorption pressures for palladium foil deu-
teride on temperature can be expressed by the rela-
tions:

1gP s (kPa)=6,89-1756,8/T;

1gP g (kPa)=6,93-1862,2/T.

The values of enthalpy and entropy for pal-
ladium deuteride decomposition and formation are,
respectively:

AHges =36 kJ/mol, AS4es=94 J/mol-deg,
AHps=34 kJ/mol, AS,;s=94 J/mol-deg
and are in good agreement with literary data [4].

The phenomenon of hysteresis is typical of
the studied Pd-In-Ru—D, system as well as of the
magority of metal-hydride systems [5]. It is charac-
terized by the ratio of equilibrium sorption pres-
sure (Ps) to the equillibrium desorption pressure
(Pges.). The effect of hysteresis, P/ Pges., at deute-
rium interaction with Pd-In-Ru alloy is in the limits
of 1,1-1,6 over the investigated temperature range.
This value is ~1,5 times lower than that for the pal-
ladium foil.
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Conclusion

1. The isotherms for equilibrium deuterium
pressure over palladium foil and Pd-In-Ru, Pd-Y —
alloys are plotted in the temperature range of (21-
100)°C. Pd-Y—D, system isotherms are characte-
rized by the absence of plateau. The value of the
equilibrium desorption pressure for Pd-In-Ru
alloy in the middle of plateau is ~2,7 kPa
(~20,5 mm Hg) at room temperature. The extent of
the plateau region is ~35cm’/g at temperature men-
tioned above.
2. The values of enthalpy and entropy for Pd-In-Ru
alloy deuteride decomposition and formation are
calculated. These values are, respectively:

AHges = 40 kJ/mol, AS4es= 105 J/mol-deg;

AH,ps= 34 kJ/mol, AS,s= 89 J/mol-deg.
3. The value of hysteresis Ps/ Pges. at deuterium
interaction with Pd-In-Ru alloy in the temperature
range of (21 - 75)°C is within the limits of 1,2-1,3.
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PABHOBECHBIE JABJEHUS JJEUTEPUSI
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Beenenue

AKKyMyJIHpOBaHHE BOIOPOJa, OCHOBaHHOE
Ha oOpaTUMoOil copOuuM TrUAPHI000Pa3yIOMINX
METAIUIOB, SBJISETCS IIHMPOKO UCIIOIB3YEMBIM CIIO-
coboMm xpaHeHHs Bogopona. OJHUM W3 OCHOBHBIX
TpeOOBaHMM, MPEIbSBISIEMbIX K HCTOYHHKAM BO-
Jopoja A BOJOPOJHOM JHEPreTHKH, SBISETCS
TeMIeparypa BBIJIEICHUs, KOTOpas MO COBPEMEH-
HBIM TPEACTABICHUSM HE JOJDKHA TPEBHIATH
373K [1, 2]. C 3To¥i TOYKHM 3peHMs HpPEeACTaBIsAET
MHTEpEC PSAJ CIUIABOB HA OCHOBE ITaJIIa IHs.

Pe3yabTaThl 1 00CyxK1eHne

B pesynbrare mpoBeneHHOW pabOTHI H3Me-
PCHBI PaBHOBECHBIC AABJICHUS ACUTEpHUs HaJ Hal-
naaueM (¢omera, mopomok) u crasamu Pd-In-Ru,
Pd-Y(¢omnbra), npeanoxeHHBIMH K HCHOJIb30Ba-
HUTO B pabote [3]. 30TepMBbl, H3MEPEHHEIE B TEM-
nepatypHoM auanasone ot 22°C mo 100°C B mpo-
Hnecce JecopOnuM JAeHTepHs, NpeNCcTaBICHBl Ha
pucyHkax 1, 2. Cucrema Pd-Y—D, xapakrepusy-
€TCsl OTCYTCTBHEM IIIaTO M30TepM (puc. 1) meire-
puaa mamagus. >

2

Ig P, (xIIa)
—
7

—
1

100°C

R
(9]
1

75°C

<
1

50°C
-0,5 4
21°C

-1,5 T T T T T T
0 5 10 15 20 25 30 35 40 45

3
YaenasHoe ra3ocoiep:kanue, cM /T

Puc.1 U30TepMBbl paBHOBECHOTO JTaBICHUS
B cucreme Pd-Y—D,
Uzorepma  nmefitepuma crmaBa  Pd-In-Ru
(puc. 2) xapakrepusyercs Hamuduem 1ato. [Ipo-
TSHKEHHOCTHh 00JIACTH IUIATO CIUIaBa MPU KOMHAT-
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HOH TemmepaType cocTaBiser ~35 cM’/T U Ha
~40% MeHbIIEe MO CPAaBHEHHUIO C M30TEPMOU mMmaj-
Jaausl. 3HaueHHE PaBHOBECHOT'O JaBJICHUS Ha IUIa-
to s crutaBa Pd-In-Ru B 1,6 pas mensbuie, yem
ULl TIAJUTAAMs ¥ COCTaBIIAET NPH KOMHATHON TeM-
nepatype ~2,7xlla (~20,5 mm pT.cT.).
e- nopotrok Pd, A-domera Pd;
*-porera criaBa Pd-In-Ru

Puc.2 I/I3OTCpMLI PaBHOBECHOTI'O AAaBJICHUA

(]
]

Ig P, (xIIa)
—
=)

1,2 1

0,8

0,4 -

0 v ) v ) v ) v ) v v ) v

10 20 30 40 50 60
YnensHoe ra3ocoaep:kaHue, cM

necopbuuu B cucremax Pd—D,, Pd-In-Ru— D,

Ha ocHOBe M3MepeHHBIX HU30TEPM ITOCTpOE-
HbI 3aBHCUMOCTU PAaBHOBECHBIX JaBJICHUH JecopO-
uuu (copOIwm) oT 0OpPaTHOM TeMIEePaTyphl.

Ha puc. 3 mpuBenmeHa Takas 3aBUCHMOCTH
st crasa Pd-In-Ru nipu copeprkanuu aeritepus B
crutase = 20 cM/r (cepenuHa mIaTo).

3aBHCHMOCTH  PaBHOBECHBIX  JIaBIICHUH
copOIMu M IecopOIny AeHTepraa CIuiaBa OT TEM-
MepaTypbl UMEIOT BUJIL:

1gP 6. (x[12)=6,66-1787,0/T;

1gP e (xI12)=7,49-2082,3/T.

W3 nonyyeHHBIX 3aBUCHUMOCTEH ObLIM pac-
CUMTAHbl 3HAYCHUS DHTAJIBIIMA U SHTPOIHUH pas-
JToxeHuss W o0pa3oBaHWs JeWTepuia cCIuiaBa
Pd-In-Ru, cooTBEeTCTBEHHO:

AH, .. =40 xJx/Monb, AS..=105 mK/MoabTpan;
AH,6. =34 xJIx/M0omb, AS,5.=89 mK/Monb Tpa.
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Puc. 3. 3aBUCHMOCTB paBHOBECHOTO JaBJICHUS
neiitepust Hag ciutaBoM Pd-In-Ru ot Temneparyper.
3aBHCHMOCTH  PaBHOBECHBIX  JIaBIICHHH
copOumu U aecopOiuu jaentepuaa Goabry najia-
JUsl OT TeMIIepaTyphl UMEIOT BU:

1gP 5. (x[12)=6,89-1756,8/T;

1gP e (k112)=6,93-1862,2/T.

3HadeHUS SHTAIBIINN U SHTPOIUU Pa3I0Ke-

HUS U 00pa3oBaHHs JAeHTepua Maytagusi COCTaB-
JISTFOT, COOTBETCTBEHHO:
AH,ec=36 xJIx/MONb, AS;.=94 K/MOIbTPa;
AHgs.=34 xJlx/Monb, AS,5.=94 mx/MonbTpan u
XOpOIIO COOTHOCSITCSI C JINTEPAaTypHBIMU JTaHHBI-
mu [4].

Wzyuennoit cucreme Pd-In-Ru—D,, xak u
OOJIBPIIMHCTBY METAILIO-THIPUIHBIX CHCTEM, TpPH-
Cyllle SIBICHUE THUCTepe3uca [5], XapakTtepusylo-
mIeecsi OTHOIICHHWEM PaBHOBECHOT'O JABJICHUS
copoumn (P,5.) X paBHOBECHOMY [IaBJICHHUIO [ie-
copOoru  (Pye.). Dddexr tuctepesnca Page/Piec.
NpyU B3aUMOJICUCTBUU JEUTEpPUS CO CILIABOM
Pd-In-Ru B numamaszoHe umccnemoBaHHBIX TeMIlepa-
Typ Haxoautcs B nipenenax 1,1-1,6 u u B ~1,5 paza
MCHBIIIC AHAJIOTHYHONW BETUYHHBI IS (QOJBIH
ENREN 15
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3akaouenne

1. TlocTtpoeHbl U30TEPMBI PABHOBECHBIX JIABJICHUM
neirepus Haj (OJBrON Majyiaius M CIUIaBaMU
Pd-In-Ru, Pd-Y B pwnamasoHe TtemmepaTyp
(21-100)°C. Cucrema Pd-Y—D, xapakrepusy-
eTcsd OTCYTCTBHEM IUIATO H30TE€pPM. 3HAuEHHE
PaBHOBECHOTO JABJICHHS IeCOpOLMHU Ui CIUIa-
Ba Pd-In-Ru Ha cepenuHe miaTo mpu KOMHAT-
HOM Temmeparype cocrtaBisger ~2,7 klla
(~20,5 MM pt. ct.). llpoTskeHHOCTH 06IACTH
IUIaTO MPH YKa3aHHOM TeMIlepaType COCTaBIsAET
~35eM’/r.

2. PaccunraHbl 3HAUEHUS PHTAIBIUHU U SHTPOIUHU

pasnoxxkeHus W oOpa3oBaHMs JeWTepuAa CIUIaBa

Pd-In-Ru. 3Hauenus ykazaHHBIX BEJIMYUH COCTaB-

JISIFOT, COOTBETCTBEHHO,

AH,e. =40 xJx/Monb, ASp.=105 mx/MonbTpan;

AH,s. =34 xJIx/M0omb, AS,65.=89 mK/Monb Tpan.

3. 3nauenue rucrepesuca Pus./P... IpH B3auMo-

neictBun nerrepus co cmaBoM Pd-In-Ru B mua-

nazone temneparyp (21 - 75)°C Haxoautes B mpe-
nenax =1,2-1,3.
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