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 The De part ment of Ar chae ol ogy from Am ster dam ex ca -
vated over time more than 600 com plete tin spoons and nu -
mer ous in com plete parts within its town bound aries. The
ear li est types of these spoons date back to ca 1350 AD,
while the lat est are from ca 1750 AD. A large num ber of
these spoons were in ves ti gated by X-ray flu o res cence
spec tros copy in or der to de ter mine their metal con tent. For
this pur pose the pa tina had to be re moved over an area of 5
x 5 mm. The pa tina it self was in ves ti gated by X-ray dif frac -
tion. The ob jects were ar chae o log i cally dated, fa cil i tated
by ham mer or rose marks on some of them. A large vari a -
tion in Pb con tent has been found in these ob jects. Early
spoons (1350-1450) may con tain up to 40-50% Pb. Due to
the health haz ards of Pb, the pro duc tion of tin spoons was
reg u lated and over seen by the Guild af ter 1530. Only a low
Pb con tent (~5-10 %) was al lowed from then on. The X-ray 
data seem to sug gest that this con trol was more or less lost
af ter 1600.

In this pa per we pres ent first re sults on a time-of-flight
neu tron dif frac tion study on spoon frag ments and com plete 

tin spoons from dif fer ent time pe ri ods, car ried out on the
ROTAX neu tron diffractometer of the ISIS Fa cil ity at the
Rutherford Appleton Lab o ra tory, UK. Neu tron scat ter ing
per mits to per form non-de struc tive quan ti ta tive anal y ses of 
the metal-al loy phases pres ent in the bulk of the spoon parts 
(scoop, han dle), and to look at the microstructure of each of 
the con stit u ent phases, that in clude Sn, Pb and Sn-Pb al loys 
as well as SnO. In ad di tion, tex ture anal y ses on some of the
ob jects were car ried out in or der to ob tain in for ma tion on
the ori en ta tion dis tri bu tion of grains and, hence, to shed
light on the man u fac tur ing meth ods.

The dif frac tion pat terns of 20 dated spoons over the pe -
riod 1400 - 1750 AD were ob tained. Large vari a tions in Pb
con tent were found for dif fer ent ob jects whilst there is lit tle 
vari a tion of the metal com po si tion of scoop and han dle of
one and the same spoon. The sur face pa tina is for most
cases not vis i ble in the neu tron data.

T8 - P142

PHASE CONSTITUTION AND STRUCTURE RIETVELD REFINEMENT IN THE SYSTEM 
La1-XZrXMnO3+d (0<X£0.3)

E. Syskakis, A. Gantis and M. Calamiotou

University of Athens, Solid State Physics Dept., Panepistimiopolis Zografos 157 84, Athens, Greece

LaMnO3+d man ga nites doped with tetravalent ions at the La 
site are pos si ble can di dates for n-type con duc tiv ity. They
be long to the fam ily of rotationally dis torted mixted va -
lence perovkites with the lat tice dis tor tions play ing sig nif i -
cant role in their phys i cal prop er ties [1]. We re port here the
syn the sis and struc tural study of the nom i nally com posed

La1-xZrxMnO3+d  (0 < x £ 0.30). Polycrystalline sam ples
have been pre pared by the solid state re ac tion method with
ther mal treat ments in air at 1200-1670K. The XRD
Rietveld re fine ment anal y sis (Fig.1) showed that all sam -
ples con tain the main orthorhombic (Pnma) phase
La1-zZrzMnO3+d , the cu bic (Fd3m) pyroclore La2Zr2O7 as
well as a cubi cally sta bi lized (Fm3m) ZrO2 phase. The
amount of the lat ter two phases, de pend ing on the fi nal
treat ment tem per a ture, in creases in gen eral with in creas ing

Zr con tent. No man ga nese ox ide phase could be de tected.
This in di cates that the sol u bil ity of Zr is lim ited in the
perovskite struc ture. More over it is found that monoclinic
ZrO2 can be sta bi lised to cu bic (Fm3m) by the pres ence of
La and Mn.

The lat tice con stants and cell vol ume be hav iour on Zr
con tent of the main phase,

La1-zZrzMnO3+d, de pends on the fi nal treat ment tem per -
a ture (1570 and 1670K re spec tively). The re fine ment of
the oc cu pa tion of the La/Zr site could not give clear re sults
about the ac tual sub sti tu tion level of Zr, due to the over lap -
ping of peaks in the multiphase sys tem La1-xZrxMnO3+d.
How ever char ac ter is tic changes at the La site have been
ob served by the Bond Va lence Sum (BVS) val ues at the La
site which are in dic a tive of the stress of the perovskite cell
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ter atomic dis tances [2]. They ex hibit a min i mum, close to 
the nom i nal value 3 for an un stressed La+3 ion,  at x = 0.15
(x = 0.2) for sam ples an nealed at 1570 K ( 1670 K) (fig.2).
This sug gests that the stresses of the perovskite cell are re -
laxed at those nom i nal com po si tions by the sub sti tu tion of
the smaller Zr+4 for the big ger La+3 ion and/or by the La de -
fi ciency. The MnO6 octahedron dis tor tions show also a
min i mum at x = 0.2. Elec tri cal con duc tiv ity and ac sus cep -
ti bil ity data are con sis tent with the struc tural anal y sis
show ing lim ited sol u bil ity of Zr in the perovskite struc ture.
They how ever stron ger in di cate   that the in cor po ra tion of
Zr into the orthorhombic 

La1-zZrzMnO3+d struc ture is pro hib it ing the dou ble ex -
change in ter ac tion mech a nism.
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Tolterodin tartrate (C26H37NO7) is used as a med i ca tion,
which al lows the blad der to re lax and hold more urine [1].
It is help ful for peo ple with small or high-pres sure blad ders 
[2].

Fol low ing the new syn the sis of tolterodin tartrate, se -
ries of crys tal li za tion ex per i ments were made with a view
to pre pare poly morphs, solvates or hy drates. Crys tal line
ma te rial was stud ied us ing both x-ray pow der and sin gle
crys tal dif frac tion. Nei ther CSD nor PDF con tain in for ma -
tion about the crys tal struc ture.

Crys tals pos sess nee dle-like habit. Due to this fact,
diffractograms of tolterodine tartrate show big pref er ence
ori en ta tion. We also pres ent in flu ence of grind ing to the in -
ten sity and FWHM of the peaks. 

1. Beneton C, De Parisot O: Neurochirurgie 2003, 49 (2-3):
369-376. 

2. Raes A, Hoebeke P, Segaert I, Van Laecke E, Dehoorne J,
Vande Walle J: Eu ro pean urol ogy 2004, 45 (2): 240-244.
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Figure 2. Bond Va lence Sum val ues at the La site. Doted line: the 
nom i nal value 3 for La
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with 30mole % Zr.
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CHARACTERIZATION OF POTENTIAL NON-EROSIVE ORAL DRUG DELIVERY
SYSTEMS: MESOPOROUS MCM-41 AND SILICON POWDERS
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The ad sorp tion of ac tive phar ma ceu ti cal mol e cules into
sta bile, non-ero sive mesoporous ma te ri als of fers po ten tial
to con trol (de lay) drug re lease, en hance drug dis so lu tion,
pro mote drug per me ation across the in tes ti nal cell wall
(bioavailability) and im prove drug sta bil ity un der the ex -
treme en vi ron ment of the gas tro-in tes ti nal tract when ad -
min is tered orally. Dif fer ent types of drug mol e cules
(in clud ing macromolecules) can be ad sorbed into
mesoporous microparticles by mod i fy ing the pore ar chi tec -
ture and sur face chem is try of the car rier ma te rial.

Po rous sil i con (PSi), pro duced by an od iz ing Si(100)
wa fers, has al ready been proven to be a po ten tial can di date
for biomaterial ap pli ca tions as its tox ic ity has been stud ied
in vivo [1]. Syn thetic MCM-41 type mo lec u lar sieves con -
sist of a uni form mesopore chan nel struc ture pro vid ing a
very nar row pore size dis tri bu tion [2]. Some pre lim i nary in
vi tro stud ies in di cate it has very low cytotoxicity pro vid ing
pre dic tive ev i dence of its biocompatibility [3]. Re cently,
some ap pli ca tions have been re ported re gard ing both PSi
and MCM-41 as prom is ing drug de liv ery ve hi cles [4, 5].

In the pres ent study, drug loaded microparticles of cal -
cined si li ceous MCM-41 and ther mally-car bon ized po rous
sil i con (TCPSi) were pro duced and char ac ter ized. First, the 
start ing ma te ri als are ex am ined to ver ify that their syn the -
sis has been suc cess ful con sid er ing the struc tural prop er -
ties and phase purities. Sec ondly, the drug loaded ma tri ces
are stud ied to de ter mine if the load ing pro ce dure has been
ef fi cient i.e. to de ter mine if the drug has ad sorbed into the
pores. In the case of suc cess ful load ing, the struc tural state
of the drug is qual i fied (crys tal line or mo lec u lar amor -
phous) and the amount ad sorbed quan ti fied (w/w%). The
char ac ter iza tion meth ods used for this are x-ray pow der
dif frac tion (XRPD), ni tro gen ad sorp tion (SSA and pore
size dis tri bu tion), pycnometry (den sity), dif fer en tial scan -
ning cal o rim e try (DSC) and thermogravimetry (TG).
Ibuprofen, a well-known an al ge sic was se lected as the
model drug. Ibuprofen was loaded into sieved TCPSi and

MCM-41 microparticles (<38 mm) us ing sat u rated eth a nol
(EtOH, 99.5 %) so lu tions. Af ter a load ing pe riod the sam -
ples were fil tered and dried at suit able tem per a tures.

X-ray pow der dif frac tion can be used to sup port the
other meth ods in ver i fy ing of suc cess ful drug load ing and
to de ter mine the crys tal line state of the ad sorbed drug. The
XRPD pat terns of the pure and loaded ma tri ces are pre -
sented in Fig ure 1. In the case of TCPSi, peaks char ac ter is -
tic for ibuprofen are ob tained from the loaded
microparticles in ad di tion to the in tense (111) re flec tion of
sil i con. This in di cates that ibuprofen has crys tal lized in the

pores or onto the par ti cle sur faces (or both). This can be
val i dated us ing DSC and the re sults showed a sig nif i cant
amount of crys tal lized ibuprofen in the pores with only a
frac tion on the par ti cle sur faces.

The XRPD pat terns of the un-/loaded MCM-41 show
four char ac ter is tic re flec tions of the uni form mesopore
chan nel struc ture with (100) and (210) in di cated in ad di -
tion to the hump of the amor phous sil i cate pore walls be -

tween 15-35° (2q). No ibuprofen re flec tions are ob served
in the pat tern of the loaded MCM-41 sam ple. The pore cen -
tre re peat dis tance (a0) of the hex ag o nal pore struc ture of
MCM-41 cor re lates with the d100 interplanar spac ing value
and can be cal cu lated us ing the sim ple equa tion

a0=2d100/Ö3 [2]. No ma jor change in the pore re peat dis -
tance is de tected sug gest ing main tained sta bil ity of the
MCM-41 struc ture. The drug load ing clearly de creases the
in ten si ties of the re flec tions with the (210) peak nearly dis -
ap pear ing. This is caused by the in crease of the scat ter ing
power of the fill ing pore thus de creas ing the scat ter ing con -
trast be tween the pores and the walls [6]. These re sults in -
di cate ad sorbed sub stance in amor phous mo lec u lar state in
the pores of the MCM-41 ma trix.

The ef fect of the ma te ri als dif fer ent pore sizes on the
drug load ing and crystallinity will be dis cussed in the
poster. In ad di tion the re sults for the amount of ibuprofen
loaded into TCPSi and MCM-41 will be given. The com bi -

na tion of XRPD and the other meth ods em ployed here
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yield a good in sight into the drug load ing prop er ties of the
stud ied ma te ri als.
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The road to to day’s lith ium-ion bat tery has passed through
a num ber of struc tur ally in ter est ing steps. The first con cept
was the lith ium-poly mer bat tery; typ i cally: <Li | poly mer
elec tro lyte | V6O13>, where lith ium in serts into the V6O13

struc ture un der the for ma tion of a se ries of 5-6 dif fer ent
phases [1].

How ever, safety prob lems with us ing me tal lic lith ium
pro voked the de vel op ment of the “rock ing-chair” lith -
ium-ion bat tery; typ i cally: <graph ite | poly mer or liq uid
elec tro lyte | LiMOx>, where M is Mn or Co [2]. More re -
cently, LiFePO4 (an ol iv ine-type min eral) has been found
to be a prom is ing cath ode ma te rial. It is an en vi ron men tally 
friendly ma te rial with sev eral pos i tive fea tures: high ca pac -
ity (170 mAh/g), light weight and low cost. Its main dis ad -
van tage is its poor elec tronic con duc tiv ity, re sult ing in
lim ited uti li sa tion of the ma te rial [3]. Three main strat e gies
have been used to over come this prob lem:

· Coat ing with some high con duc tiv ity ma te rial, e.g,
car bon.

· Re duc ing par ti cle-size to give better uti li sa tion.

· Sub sti tu tion of other metal ions into the Fe-site.

We are cur rently work ing with all three ap proaches; we 
pres ent here three ex am ples where struc tural stud ies have
pro vided valu able in for ma tion:

· LiFePO4 has been syn the sised in an aque ous so lu tion
us ing wet-chem is try tech niques, to bring the par ti cle sizes
down to nano di men sions. Pow der XRD has con firmed
that the struc ture of this nano-ma te rial is in deed that of
LiFePO4.

· Par tial sub sti tu tion of the Fe-site in LiFePO4 by some
other tran si tion metal (Mn and Co) has been probed with
neu tron pow der dif frac tion; this is es pe cially use ful be -
cause of the ex cep tional ND con trast be tween Fe and the
Mn or Co nu clei.

· In-situ XRD to probe the charge and dis charge re ac -
tions by mon i tor ing the phases of LiFePO4 ver sus FePO4.

1. Höwing, J. 2004. Acta Universitatis Upsaliensis. Com pre -
hen sive Sum ma ries of Uppsala Dis ser ta tions from the Fac -
ulty of Sci ence and Tech nol ogy, 949, 58 pp.

2. H. Björk, T. Gustafsson, J.O. Thomas, S. Lidin, V.
Petricek, J. Ma ter. Chem., 2003, 13, 585.

3. A.S. Andersson, J.O. Thomas, Jour nal of Power Sources,
2001, 97-98, 498.

Ó Krystalografická spoleènost

180 EPDIC IX posters Materials Structure, vol. 11, no. 1a (2004)



T8 - P146
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2BENSC, Hahn-Meitner In sti tute, Glienickerstrasse 100, D-14109 Berlin, Ger many

3De part ment of En vi ron men tal In or ganic Chem is try, Chalmers Uni ver sity of Tech nol ogy, S-412 96
Gothenburg, Sweden

Weight frac tions of four dom i nant phases (C3S, C2S, C4AF
and C3A) pres ent in five in dus trial clink ers were es ti mated
by a se ries of neu tron and X-ray Rietveld re fine ments. Cal -
cu lated pow der pat terns were de rived from the struc tural
data for triclinic and monoclinic C3S, monoclinic C2S,
orthorhombic

C4AF and cu bic C3A. Neu tron dif frac tion data were
col lected with the high res o lu tion E9 diffractometer
(BENSC) us ing the wave lengths of 1.797 C and 2.816 C,
X-ray dif frac tion data with a high res o lu tion trans mis sion

diffractometer us ing CoKa1 ra di a tion. El e men tal com po si -
tion of the sam ples ob tained by ESEM/EDX tech nique
were in a good agree ment with the data de liv ered by the
pro duc ers. Con ver gence of the re fine ments was re mark -
ably dif fer ent for X-ray and for neu tron data. Sev eral re -

fine ments were not com pleted due to nu mer i cal
in sta bil i ties. Neu tron re fine ments were found to be  more
sta ble than X-ray, but there was not any no ta ble dif fer ence
in the fi nal es ti mated phases’ com po si tions. Cal cu lated ab -
so lute de vi ates of phases’ weight frac tions were mostly
within ±10%, which for the less abun dant phases cor re -
sponded to rel a tive de vi a tions within ±50%.
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AP PLI CA TION OF X-RAY DIF FRAC TION IN FO REN SIC SCI ENCE
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Use of XRD anal y sis does not be long among tra di tional
meth ods of fo ren sic sci ence. This sit u a tion arose due to
more com plex in stru men ta tion in the past, and also some
other ef fects. In the fo ren sic field, the an a lyst of ten faces a
prob lem of iden ti fy ing com pletely un known phases in a
mix ture, and real pos si bil ity of im ple men ta tion into fo ren -
sic sci ence was al lowed only by de vel op ment of iden ti fi ca -
tion soft ware and elec tronic da ta bases, which en abled
pro cess ing of sim i lar tasks. 

XRD anal y sis started to be em ployed at the In sti tute of
Criminalistics Prague in the 60s of the past cen tury for
iden ti fy ing short-cir cuit prod ucts on cop per con duc tors. In
the 90s a lab with two goniometers in clas sic
Bragg-Brentan re flex ge om e try and with other ra di a tion
source, which is uti lized for Guinier and Gandolfi cam era
with clas sic film. Film car ri ers from these cham bers are
sub se quently dig i ta lized and eval u ated as re cords from
both goniometers. ZDS soft ware, ICDD da ta base and cli -
ent da ta bases are used for eval u a tion.  

Im por tance of XRD and phase anal y sis in fo ren sic sci -
ence lies namely in:

• the pos si bil ity of anal y sis of rel a tively small-vol ume
sam ples 

• the method is rel a tively non-de struc tive (the sam ple
can be used for fur ther anal y ses even af ter pos si ble
pow der ing) – it fol lows from the men tioned fact that
pro ba tive value of the ma te rial is pre served  

• the method al lows ex act iden ti fi ca tion of phases in a
mix ture (un like other in stru men tal chem i cal meth -
ods) 

• in ma jor ity of cases it is pos si ble to de ter mine quan -
tity (or semiquantity) of sub stance in a mix ture 

• the method is con clu sive for po ten tial court pro ceed -
ings 

Cur rently, XRD anal y sis is em ployed in 7 main ar eas: 
1) Com plex anal y ses and soil com par i sons – the method is
in dis pens able for de ter mi na tion of clay frac tion. Other
avail able an a lyt i cal meth ods (EDS/WDS, XRF, FTIR, etc.) 
are not able of per form ing ex act de ter mi na tion of phases,
namely alumosilicates. Own cal i bra tion sets are used for
semiquantitative XRD anal y sis.  
2) De ter mi na tion of ex plo sives and post-blast res i dues –
di rect de ter mi na tion of in or ganic and or ganic phases of ex -
plo sives and post-blast res i dues (fol low ing the sam pling of
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the post-blast scene and pos si ble sep a ra tions and con cen -
tra tions of the ma te rial). XRD meth ods are used also for
eval u a tion of the ef fect of sep a ra tion and con cen tra tion
meth ods of post-blast res i dues dur ing their test ing. (The
post-blast scene is usu ally very dif fi cult to ana lyse, since
there are par ti cles of all kinds of ma te ri als de stroyed by the
ex plo sion, in which there are rel ics of post-blast res i dues
dis persed all over, of ten be low the de tec tion lim its. That is
why dif fer ent con cen tra tion and sep a ra tion pro ce dures
able of re duc ing the con tent of con tam i nants. Dur ing tests
of ef fect of these meth ods, phase XRD anal y sis with
semiquantitative eval u a tion proved the most con ve nient.  
3) Pig ments and paints anal y ses – XRD meth ods are used
in com plex ex pert ex am i na tion dur ing de ter mi na tion of
phases of artworks (paint ings, sculp tures etc.), car paints
(anal y ses of abra sions and frag ments af ter traf fic ac ci -
dents), anal y sis and com par i son of lac quer sys tems of tools 
and in stru ments, lac quer sys tems used in build ing in dus try
and some anal y ses of print ing colours and paints.   

Ex am i na tion of pig ments of artworks is re quested for
solv ing the fol low ing is sues: 

• par tial ex am i na tion to de ter mine the age of the paint -
ing (on the ba sis of used pig ments, can vass type etc.) 

• con fir ma tion of orig i nal ity of ad just ments of the
paint ings, or af fil i a tion of the paint ing and the frame
(e.g. con fir ma tion that the pic tures were in orig i nal
frames prior to the theft)  

• dis tin guish ing the orig i nal from forg ery (the most
com plex ex pert ex am i na tions, in which an ex pert
from the Na tional Gal lery par tic i pates)

4) Iden ti fi ca tion of type and or i gin of goods – cus toms and 
fi nan cial frauds, coun ter feit ing of orig i nal branded prod -
ucts, money laun der ing. XRD meth ods be long to a com -
plex of meth ods used for de ter mi na tion of the ex act type of
goods or ma te rial (e.g. ma te ri als for semi con duc tor com po -

nents, fer til iz ers and pes ti cides, spe cial heat-re sis tant ma te -
ri als, pre cious stones, etc.) 
5) Iden ti fi ca tion of un known sub stances, po ten tial poi -
sons and con tam i nants - these anal y ses are re quested for
com plex anal y ses of mat ters that can harm the en vi ron ment 
or are sub ject to spe cial treat ment (in dus trial ac ci dents and
leak age of dan ger ous sub stances, at tempts to dis pose of
these sub stances on or di nary waste dumps, threat en ing and
ex tor tion ate let ters – cur rently fre quent pack ets with un -
known white pow der etc.). For these types of anal y ses it is
nec es sary to use spe cial user da ta bases com pris ing stan -
dards of poi sons and sub stances, which are not in cluded in
com mon com mer cial da ta bases.  
6) Con fir ma tion of de graded skel e tal dis cov ery – burnt,
frag ments dam aged or un usual to such ex tent that an thro -
pol o gists re quire con fir ma tion of com po si tion.  In this
sphere, con fir ma tion of phases, which are pres ent in bone
con struc tion.  
7) Quan ti ta tive drug anal y ses – with the aid of pow der dif -
frac tion it is pos si ble to reach higher pre ci sion of quan ti ta -
tive anal y sis of some nar cotic mix tures than with
in stru men tal meth ods of or ganic anal y sis (FTIR, GC).
XRD anal y sis is in many cases faster and sam ple prep a ra -
tion is sim pler. 

Fur ther de vel op ment of XRD meth ods in fo ren sic sci -
ence will be per haps brought by cap il lary op tics and its ap -
pli ca tion in mi cro dif frac tion, which even to day al lows
ex e cu tion of non-de struc tive anal y sis from points sized un -
der 100 mi crom e ters.

XRD meth ods at In sti tute of Criminalistics Prague was
sup ported by grant-aided pro jects of the Czech Re pub lic
Min is try of In te rior MVÈR RN 19961997008, MVÈR RN
19982000005.
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MICROSTRUCTURE AND PHASE COMPOSITION OF RAPIDLY SOLIDIFIED
Al-Cr-Fe-TI-Si ALLOY

Bártová B.1 , Vojtìch D.1 , Verner J.1,  Maixner J.2 , Studnièka V.3 , Gemperle A.3

1Department of Metals, Institute of Chemical Technology in Prague, Technická 5, 166 28 Prague 6, Czech
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2La bo ra to ry of X-ray diffrac to me t ry, In sti tu te of Che mi cal Tech no lo gy in Pra gue, Tech nic ká 5,
166 28 Pra gue 6, Czech Republic

3In sti tu te of Phy s ics ASCR, Na Slo van ce 2, 182 21 Pra gue 8, Czech Re pub lic

Rap idly so lid i fied Al-6Cr-2Fe-1.5Ti-1Si (in wt.%) pow der 
al loy was pre pared by pres sure (600 kPa) ni tro gen at om -
iza tion of melt. Microstructure and phase com po si tion of
var i ous granulometric frac tions were stud ied by us ing op ti -
cal mi cros copy, SEM, TEM and XRD. It was found that the 
RS state is char ac ter ized by pres ence of var i ous
intermetallic phases in form of spher oids and ir reg u lar par -
ti cles. The frac tion of spher oids was found to in crease, as

the pow der par ti cle size re duced, i.e. as the cool ing rate in -
creased. XRD and TEM in ves ti ga tions re vealed the pres -
ence of quasi-crys tal line icosahedral Al84,6Cr15,4, Al82Fe18,
Al95Fe4Cr, Al74Cr20Si6 and crys tal line Al, Al13Cr2, Al13Fe4,
Al3FeSi phases. The coarser was the pow der par ti cle size,
the lower was the frac tion of quasi-crys tal line phases.
Upon an neal ing at 350°C, the quasi-crys tal line phases de -
com posed to form Al13Cr2, Al3FeSi and TiSi phases.
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STRUCTURAL ANALYSIS OF AUSTENITE NITRIDES

Antonín Buchal

VUT v Brnì, FSI, ÚMI-OSFA  Technická 2 616 69 Brno, Czech Re pub lic

Austenitic steel ion-nitriding ex hib its very in ter est ing con -
duct: there are no any ni trides, such Fe3N, Fe4N or Cr3N,
Cr2N …

The re sult of nitridation pro cess is so called

e-martensite (hex ag o nal struc ture with lat tice pa ram e ters a0

= 0.2685 nm c0 = 0.4752 nm, sg. P 63/mmc) and the reg u lar

a’-martensite  (a0 = 0.2891 nm sg. Im3m). 

If a small amount of g-Fe4N oc curs, it is sput tered from sur -
round ing at mo sphere in ion iza tion cham ber. In any case it
is not the prod uct of re ac tion is solid state. If a dif frac tions
of aus ten ite oc curs in dif frac tion re cord, it is from the layer
not by nitrogen affected.
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X-RAY DIFFRACTION AND SEM STUDIES ON THE EFFECT OF TEMPERATURE ON
THE FORMATION OF MAIN PHASE Sr2MgSi2O7 USING A WET AND DRY METHOD

FOR ITS PREPARATION

Ali Asghar Sabbagh Alvani1 , Fathollah Moztarzadeh 2 , Ali Asghar Sarabi 1

1Department of Polymer Engineering, Amirkabir University of Technology, Tehran-Iran, P.o.Box 15875-4413
2Faculty of Biomedical Eng. Amirkabir University of Technology, 424, Hafez Ave. Tehran Iran

A pure Sil i cate host namely Sr2MgSi2O7 as a sup port for a
long-last ing af ter glow when dopped with rare-earth el e -
ments was sought af ter. To this end the pro cess of ob tain -
ing fir ing tem per a tures of the above men tioned phase in
nor mal con di tion was car ried out us ing sug gested wet and
dry meth ods.

The de gree of pu rity ob tained in these pre pa ra tory
meth ods as well as the dif fer ent fir ing tem per a tures were
stud ied by the aid of SEM and XRD tech niques. It was

found that for the wet method there ex ists a tem per a ture be -
yond which the amount of im pu rity re mained con stant. 
There also ex isted a tem per a ture at which both the wet and
dry meth ods gave the same amount of im pu rity. Be yond
this tem per a ture the wet method would be pre ferred.
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