
koncentrací pyritu a markazitu. Další výsledky jako
uspoøádanost-neuspoøádanost struktura a pomìr
zastoupení Fe a S ve struktuøe pyritu a markazitu, které
ovlivòují pøedevším kinetiku chemických reakcí pøi
zvìtrávání sulfidù a jejich termodynamickou stabilitu,
nebyly dostateènì pøesné a vìrohodné, a tudíž pro
geochemické modelování nebyly použitelné.  
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Abs tract
Phase com posi ti on in Al NaH4 do ped by FeCl2 was stu died
by Mössbauer spectrosco py and X-ray diffracti on and sta -
bi li ties in Ar and air are com pa red. The re sults show that
the hyd ride di sap peared du ring the ex po si ti on to air. The
ma jor so di um ala na te hyd ride is trap ping ga se ous im pu ri -
ties and trans for med to the Na2CO3 and Al(OH)3. 

In tro ducti on

Alanate hy dride (AlNaH4) is an im por tant in dus trial ma te -
rial with out stand ing phys i cal and chem i cal prop er ties.
AlNaH4 can be used as a re-hy dro ge nated as well as an en -
vi ron men tal friendly ma te rial. Ow ing to their high stor age
ca pac ity and rel a tively low tem per a ture of re charg ing,
AlNaH4-based com plex hy dride have been widely ap plied
in hy dro gen tank, fuel cells, MH bat tery, etc. [1-3] Ad di -
tives of tran si tion metal mod er ate the work ing tem per a ture; 
ki net ics of dehydrogenation and do not changed the hy dro -
gen stor age ca pac ity [1-3]. The ca pac ity of AlNaH4 cat a lyst 
by 5 mol. % FeCl2 is 4.65 wt. % (1st thermolysis) and 2.13
wt. % (2nd thermolysis) [1, 2]. Ther mal de com po si tion of
this ma te rial is work at around 100°C and hy dro ge na tion at

120°C/150 bar of H2. Iron ions ob served by Mössbauer
spec tros copy ex plained role of dop ing Fe(OEt)2 which
formed the nanoscales par ti cles and trans formed into
Fe-Al-al loy dur ing the re-hy dro ge na tion steps [2]. Three
types of syn the sis are com monly used for the metal dop ing: 
(i) ball-mill ing or wet chem i cal re ac tion presynthetized
metal and hy dride, (ii) ball-mill ing of pre cur sors un der the
hy dro gen, (iii) the tele met ri cally mon i tored pro cess of
ball-mill ing, hy dro ge na tion, and doped by metal [4].

In this pa per we com pare prop er ties of dry milled
AlNaH4 and 2 mol % FeCl24H2O pow ders in ar gon at mo -
sphere and in air. 

Ex pe ri men tal de tails

The com plex hy dride sam ple was mixed by dry mill ing of
com mer cial pure AlNaH4 (Alfa Aesar) and 2 mol %
FeCl24H2O pow ders in ar gon at mo sphere and in air. Af ter
the mill ing in Ar the pow der was sealed in a plas tic bag
cap sule filled by Ar.

The X-ray dif frac tion (XRD) and Mössbauer spec tros -
copy (MS) were ap plied for char ac ter iza tion of the struc -
ture of the as-pre pared (be fore mill ing) pow der, and af ter
0.5; 1 and 2.5 hours of mill ing in a pro tec tive (Ar) or in am -
bi ent at mo spheres. XRD was car ried out us ing X’Pert
diffractometer and CoKá ra di a tion with qual i ta tive
analysis by HighScore® soft ware and the JCPDS PDF-4
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da ta base. For a quan ti ta tive anal y sis HighScore plus® with 
Rietveld struc tural mod els based on the ICSD da ta base was 
ap plied. 57Fe Mössbauer spec tra were mea sured us ing
57Co/Rh source in stan dard trans mis sion ge om e try with de -

tec tion of 14.4 keV g-rays. The ve loc ity scale was cal i -

brated with a stan dard a-iron foil at room tem per a ture.

Iso mer shifts d are given rel a tive to a-Fe at room tem per a -
ture. The com puter pro cess ing of the spec tra was done us -
ing CONFIT package [5] which yielded in ten si ties I of the
com po nents (atomic frac tion of Fe at oms), their hyperfine

in duc tions Bhf, iso mer shifts d, quadrupole splittings DEQ,

and quadrupole shifts eQ.

Re sults

The sig nif i cant dif fer ences were ob served by means the
MS in the sam ple milled in ar gon at mo sphere and in air.
Two main com po nents can be rec og nized in the spec trum
of the sam ple milled in Ar. The first com po nent – dou blet

with d = 1.15 mm/s and DEQ = 2.32 mm/s – can be as cribed
to FeCl2 in agree ment with [6] and the sec ond com po nent –

dou blet with d = 0.31 mm/s and DEQ =0.99 mm/s – rep re -
sents of FeOCl [7]. Dif fer ent two com po nents can be an a -
lyzed in the spec trum of the sam ple milled in air. The

dou blets have fol low ing pa ram e ters: d = 0.17 mm/s and

DEQ = 0.55 mm/s and d = 0.5 mm/s and DEQ = 0.63 mm/s.
These val ues are close to Fe(III) and Fe(III-II) in iron ox -
ides and they prob a bly rep re sent para mag netic iron bear ing 
ox ides spread in the ma trix. The dis ap pear ing of the dou -
blets of iron chlo ride and iron oxychloride can be ex plained 
by their fur ther ox i da tion dur ing mill ing and/or by a chem i -
cal re ac tion with so dium alanate. 

XRD mea sure ment taken in Ar does not in di cate any
changes in phase com po si tion al though a gas desorption
was ob served in the pow der stored in Ar af ter mill ing by
ex pan sion of the plas tic bag cap sule. The dif frac tions of
NaAlH4 were only de tected there. The XRD taken on the
sam ple af ter mill ing in air (Fig. 1) shows for ma tion of so -

dium car bon ate Na2CO3 and amorphisation of re main ing
phases in de pend ence on time. Na2CO3 re placed so dium
alanate hydride tak ing CO2 from the surrounding air.

Conclu si ons

The ex po si tion of AlNaH4  doped by iron chlo ride to air
cased changes of chem i cal, phase and struc ture com po si -
tion in all steps of sam ple prep a ra tion. This ma te rial chem i -
cally re acts with gas eous CO2 in am bi ent at mo sphere and
the Na2CO3 phase is formed. The re sults of MS show that
the orig i nal FeCl2 phase is ox i dized and/or chem i cally re -
acts to new iron ox ide phases.

Re fe ren ces

1. T. Kiyobayashi, S. S. Srinivasan, D. Sun and C. M. Jensen, 
J. Phys. Chem A 107, (2003), 7671.

2. B. Bogdanovic, R. A. Brand, A. Marjanovic et al., J. Al loys 
Comp. 302, (2000) 36.

3. Tai Sun, Bo Zhou, Hui Wang, Min Zhu, J. Al loys Comp.
467, (2009) 413.

4. B. Bogdanovic, M. Felderhoff, A. Pommerin at al., J. Al -
loys Comp. 471, (2009) 383.

5. T. Žák, in Mössbauer Spec tros copy in Ma te ri als Sci ence,
ed ited by M. Miglierini and D. Petridis, (Dordrecht:
Kluwer), 1999, pp. 385-386.

6. D. J. Simkin, Phys. Rev. 177, (1969), 1008.

7. Yao-Dong Dai, Zhi Yu, Hong-Bo Huang, Yun He, Ting
Shao, Yuan-Fu Hsia, Ma ter. Chem. Phys. 79, (2003) 94.

Acknowled ge ments 

This work was sup ported by the Czech Min is try of Ed u ca -
tion, Youth and Sports (1M6198959201), Acad emy of Sci -
ences of the Czech Re pub lic (AV0Z20410507) and Grant
Agency of the Czech Re pub lic 106/09/P556.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 17,  no. 2a (2010)      k75

Fig ure 1. Com par i son of XRD diffractograms of the as-mixed sam ple and the sam ples af ter mill -
ing in air for 0.5, 1, and 2.5 hours.


