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ABSTRACT

Hydrogen storage aloy is one type of new high-performance material. The
paper mainly introduces four types of hydrogen storage alloyssuch asrare
earth (AB series) alloys, zirconium (AB type) aloys, metal hydride hydrogen
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storage materials and metal borohydride hydrogen storage material.
According tothefull utility of hydrogen storage alloys, their good economic
and social benefits are obtained.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Withthedecreaseof availableminerd oil resources,
storing and utilizing hydrogen becomes moreand more
important. Thislatter isexpected to result in economic
and socid benefitg!.

Chineseeconomic and socid development hasbeen
limited dueto the shortage of natural resources. The
output of Chinesecrude il production hasbeenvaried
between 1.8x10® and 2.5x10° t per year. Since the
Chinesecrudeoil reservationisabout 32.7x108tons,
the known crude oil resources are expected to cover
the Chinese demandsonly for 16 years. Since 52% of
the processed crude oil comesfrom oversess, the Chi-
nesegovernment introduced variouspoliciestoincrease
the energy production efficiencies® and to decrease
taxesfor those companieswhichturn effortsto usere-
newabl e energy resources such aswind, water, hydro-
gen, etc.

Nowadaystheefficiency of hydrogen utilizationis
very low in China, because most of theseresourcesare
fired and discharged into theenvironment, thereforere-
searchersand engineersturn alot of effortinthe devel -

opment of thisareg, focusing onincreasing theefficiency
of hydrogen storagewith maximal economic benefits.

It isan urgent demand to storage hydrogenin a
morerationa way assimplefue, involving new metal
aloys, which could result inimproving hydrogen stor-
age. Thesenew meta aloyscouldimprovetheenergy
efficiency. Inthispaper, four metd dloysarereviewed,
rareearth (AB series) dloys, zirconium (AB type) a-
loys, metd hydridehydrogen Soragematerid sand metd
borohydride hydrogen storage materid.

DISCUSSION

Rareearth (AB series) alloys¥

Rare earth hydrogen storage based on alloy mate-
riashavethefollowing characters, such asfast speed
hydrogen storagereaction, high hydrogen content, small
hysteresiseffect and reaction heat effect, low and flat
plateau pressure, and easy activation. Soit can achieve
rapid and safe storage of hydrogen. However, thema:
terid shave somedisadvantage, likepoor antitoxic per-
formanceand high cog, etc. Therefore, theapplication
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islimited. In order toimprove Hydrogen storagealoy
performance and reduce costs, polyhydric mixedrare
earth hydrogen storagealloy, also knownasLaNi-Al
aloy, isdeveloped by replacing Laof LaNi withmixed
rareearth (Mm) or replacing Ni with other metd inwhole
or part. The composition of La-Ni-Al alloyisLaNi,
Mx (M =Fe, Co, Mn,Al, etc., =0.1-4) or MmNi
Mx (M=Fe, Co, Mn,Al, etc., =0.1- 4).

La-Ni-Al alloy has some advantage such asfast
reaction speed, easy activation, high sdectivity, small
thermal effects, and high hydrogen content. Among of
them, LaNi_, Alx getsthemost attention because after
replacing part of Ni with Al, plateau pressureand en-
thal py hasbeen significantly distinct, thestability of LalNi
has been increased; in addition, Al atomic volumeis
greater than Ni atomic volume so that LaNi5 lattice
parameters and the size of the gap have been different,
aswell, hydrogen absorption characteristics, such as
adsorption capacity, adsorption equilibrium pressureand
adsorption rate, etc., have changed.

TABLE 1 showsthat with X (, =0.25, 0.50, 0.75,
1.00) increasing, the adsorption capacity of hydridesis
reduced from 137.2ml/gto 97.8ml/g. Theequilibrium
pressure at room temperature goes down from 8.0 x
10* Pato 9.0 x 102 Pa. The adsorption rate reduces
accordingly. Thestandard enthal py isdecreased from -
16.7kJmol to-28.7kJmol. And the standard entropy
As becomes less from -68.5kJ/mol<K to -78.3kJ/
mol<K. Therefore, the adsorption capacity of La-Ni-
Al hydrogen storage based materia sisdecreased with
Al content increasing.

TABLE1: La-Ni-Alhydrogen storagebased alloy chemical
composition and itsadsor ption capacity for hydrogen

Alloy

. Hydride chemical Adsor ption
chemical formula capacity/mLeg?
formula apacity 9

LaNiAl LaNisAlH;5 97.8
LaNi4.25A|0.75 LaNi4.25A|0.75H4.2 1151
LaNi4.50AIO.50 LaNi4.50A|0.50H4.7 1264
LaNi4.75A|0.25 LaNi4.75A|0.25H5.2 1372

Zirconium (AB type) alloys!

Zirconiumdloy hasthefollowing charactersa room
temperature under ahydrogen pressure between 0.1 -
0.2 MPa. They arelarge amount of hydrogen absorp-
tion capacity, easy activation, fast kinetics, and small
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thermal effects (2to 3timeslessthan LaNi and other
materias). Thegeneral formulaof zirconiumaloysis
ZrMn, Fe, . Aswell, therearethreemainly composi-
tions. They are ZrMn__Fe ., ZrMn__Fe, . and
ZrMn_ ,Fe, ... They haverich phase structure, such
asC14, C15 and C36-type laves phase and multiple
BCC (solid solution). Ashightheoreticd e ectrochemi-
cal capacity (800 mA/g) of thematerial, the Ovonics
company inUnited Statesdeveloped MH / Ni battery
with acapacity of 420 mA/g, whichisknownfor its
negative polarity, 0it’s also called “second generation
MH / Ni battery electrode materids.”

Multiple zirconium hydrogen storage dloy isde-
vel oped by replacing part of Zr with Ti of zirconium
alloy, and part of V, Cr, Mn, etc. with Fe, Co, Ni, €etc.
Thesemateriascan beactivated at dightly abovethe
room temperature. Inthe process of dehydrogenation,
almost dl of the hydrogenwill beemergedat T > 100
°C. Theamount of the hydrogen storage can reach up
to 70% of thetotal within20swhileZrMn_ Fe |, and
ZrMn__Fe . isabsorbing hydrogen. The process of
hydrogen absorption can becompleted within60s. Oth-
erwise, 40 % of the hydrogen can be dehydrogenated
within 50 s, and almost all of the hydrogen can bere-
leased within 300-400s.

Metal hydridehydrogen storage materials

Metd hydrideisaclassof complex metal hydrides
containing[A1H,] or [A1H ] ligand group. It typically
includesNaA1H,, LIAIH,, Mg(AIH,),, Na LiA1H,,
LiMg(AIH,), and soon. There’s difference between
metd hydride hydrogen absorption and desorption pro-
cesswithintermittent meta hydride. Metal hydridehy-
drogen absorption and desorption processisachieved
by Al-H bond bonding and fracture. Itincludesaseries
of decomposition reactions. For example, NaAIH, has
three steps of the hydrogen liberation.

3NaAIH,—»>NaAlH +2A1+3H, Q)
Na,AlH,—3NaH +Al+L5H, 2
3NaH—»3Na+1.5H @3)

Theoreticaly, theweight of NaAIH, storage capacity
can reach up to 7.4 wt% under the condition of no
catal ystsaddition and thethree-step decompositionre-
action occurs at 210°C, 250°C 1 425°C or so re-
spectively. However, Bogdanovi c and Schwichardi first
reported that 2 mol % Ti(OBun), catayst (mol %: mole
percent) has been mixed with NaAlH,,, which can ef-
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fectively improvethethermodynamic and kinetic prop-
ertiesof thesystem. Therefore, hydrogen reectiontem-
peraturewill go downto 100°C and 160°C inthefirst
two steps. In addition, the reaction can be performed
reversely. So themetal hydridewill act asahigh-ca-
pacity hydrogen storagemateridl.

Bogdanovicfind that hydrogen desorption capac-
ity of NaAIH, with 2 mol% ScCl, addition can reach
4.5wt% - 4.9 wt%, higher thanthe TiCl,, sample 4.0
wit% addition. M oreover, the hydrogenated timeof Sc-
doped NaAIH, isabout 30 minutes. It takesonly about
20 minutesto absorb 90% of the hydrogen, whichis1/
3timeof TiCl, samplesdoped. Thestudiesabout trichlo-
ride of rare earth elements (La, Ce, Pr, Nd, Sm, Er,
and Gd) doped in NaAlH, show that CeCl, and PrCl,
has better catalytic performance. Hydrogenation/ de-
hydrogenation rate of CeCl, addition systemissimilar
with the one of ScCl.,, but show that it has a better
stability of thecycle. Thereversible hydrogen storage
capacity sill remainsat 4.0 wt% or moreafter 29 cycles
of hydrogen absorption and desorption.

M etal bor ohydridehydrogen storage material

Metd borohydrideisaclassof complex meta hy-
dridescontaining[BH,] ligand group. It typicalyincludes
LiBH,, NaBH,, Mg (BH,),, Ca(BH ), etc. Their hy-
drogen contentsarea | morethan 10 wt %. Theoreti-
caly, thehydrogen content of LiBH, isupto 18.5wt%.
However, only 3 hydrogen atoms can bereleased from
the high enthalpy (-177 kJ/mo1l) at 680 °C, whichis
equivaent to 13.8 wt%o.

LiBH,—LiH +B+3/2H, 4

Vg ofoundthat thereaction pathway of thelibera-
tionof hydrogen of LiBH, hasdistinctly changed if mill-
ing composed of LiBH,andMgH, (molar ratio 2:: 1).
2LiBH,+MgH,—2LiH +MgB_+4H, (5

Thermodynamic entha py isdecreased by nearly 40
%, about 46 kJ/mol - H, due to more stable MgB,
hydrogen product formation. Therefore, the hydrogen
desorption temperature of LiBH hasbeen significantly
reduced, andimproved itsreversibility of hydrogen ab-
sorption and desorption.

Theresultsshow that 6LiBH,-Cal, and 2LiB H,-
Al, both of them, haveagood reversibility of hydrogen
absorption and desorption. After hydrogen, the com-
positesystem of 6LiBH -Cal,can absorb about 9.0 Wit
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% of hydrogen under the condition of 400 °C and 10
MPa Thus, thestability study of themeta borohydride
isoneof theeffectivewaystoimproveitsreversibility
of hydrogen absorption and desorption.

CONCLUSION

Hydrogen can beused to producehigh va ue chemi-
cal production in China. Hydrogen based on above
metal aloysprotect the environment and increasethe
incomeof apetrochemical plant. Themain benefitsare
asfollows: using hydrogen and protectingtheloca en-
vironment, decreasing fossil fuel consumption, and
avoiding greenhousegasemissions, suchasSO,, NO,
and CO,, and total suspended particles. Economic de-
velopmentsareinitiated and improved using there-
viewed new metd dloys.
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