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X-ray lab o ra to ries have to deal with high data rates from
novel high through put cam eras. Large scale fa cil i ties are
de vel op ing plans for ro bust data re duc tion in or der to mod -
er ate the data streams, sim plify data stor age, visu ali sa tion
and anal y sis. For sev eral ap pli ca tions tra di tional strat egy
of stor ing data first, and pro cess ing later pres ents a bot tle -
neck and so real-time data re duc tion and anal y sis are re -
ceiv ing at ten tion. Crys tal lo graphic soft ware has been
al ways keep ing up with high per for mance com put ing. Ef -
fec tive im ple men ta tion of crys tal lo graphic al go rithms can
be found even on graph i cal pro cess ing units [1-3]. How -
ever the range of “ex otic” hard ware for sci en tific com put -
ing is con tin u ally in creas ing, in clud ing dig i tal annealers or
the first com mer cial quan tum com put ers al ready to day. In
this work so called field-pro gram ma ble gate ar rays
(FPGAs) are used for non-triv ial crys tal lo graphic data re -
duc tion. FPGAs pres ent a sort of mal lea ble com puter hard -
ware that is, al ready for de cades, ex ten sively used for
read out of fast X-ray cam eras or real-time ap pli ca tions
con trol ling crys tal lo graphic ex per i ments. How ever im ple -
men ta tion of com plex crys tal lo graphic anal y sis and data
re duc tion codes on FPGAs is not com mon. The prob lem of
az i muthal in te gra tion (AZINT) of streamed 2D-de tec tor
data for pow der dif frac tion and small an gle scat ter ing is
cho sen here and im ple mented on FPGAs in or der to dem -
on strate pos si bil i ties of this type of com pute ac cel er a tors
for more ad vanced data anal y sis in crys tal log ra phy and
other pho ton and neu tron sci ences. Fu ture ap pli ca tions
may in clude frame fil ter ing, spot find ing or dif frac tion fea -
tures clas si fi ca tion.

AZINT im proves fun da men tally the sig nal to noise ra -
tio and al lows de tec tion of dif frac tion peaks even from
noisy im age data. The AZINT FPGA im ple men ta tion al -
lows for fixed and ex tremely short la ten cies in re ceiv ing in -
te grated dif frac tion pat terns that can be fit ted in other parts
of the configurable pipe line and pro vide a real-time feed -
back to the ex per i ment. The so lu tion can be in te grated with
com pute in fra struc tures at large scale fa cil i ties or as an em -

bed ded de vice it can in crease ca pa bil i ties of han dling high
through put de tec tor data in any lab. Az i muthal in te gra tion
rep re sents the first dem on stra tion case of a pro ject which
aims for mak ing FPGAs eas ily avail able for sci en tific soft -
ware de vel op ers with use of in dus trial stan dards as
OpenCL as well as with free and open-source nu meric al -
ge bra tool box based on syn chro nous mes sage ex change
(SME) [4].

This work was al lowed be side oth ers by ad vance ments
of FPGA plat forms for data ori ented com put ing and with
evo lu tion of ap pro pri ate pro gram ming mod els dur ing the
last de cade. Com pute FPGAs are ex cel lent can di dates for
pro cess ing high through put de tec tor data. All the tasks of
re ceiv ing, de com press ing the cam era im age stream and the
fi nal AZINT com pu ta tion can be han dled on a sin gle de -
vice. Ini tial benchmarks show that SME based im ple men -
ta tion of a his to gram com pu ta tion, which is a ba sis of
AZINT, can process 600 Gb/s [5] of uncompressed data
stream.
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The lay ered sil i cate cronstedtite (Fe2+
3-x Fe3+

x)(Si2-xFe3+
x)

O5(OH)4, (0.5< x< 0.8) pro vides rel a tively nu mer ous
polytypes gen er ated by stack ing 1:1 struc ture lay ers - OD
pack ets with the trigonal protocell a = 5.5, c = 7.1 C.
Cronstedtite oc curs rarely in low tem per a ture hy dro ther -
mal de pos its [1], in cer tain me te or ites (CM chondrites) [2],
and pre sum ably on as ter oids. Syn thetic mi crom e ter-size
crys tals were pre pared by Pignatelli and her co-work ers
[1,3]. The data col lected by four cir cle X-ray diffracto -
meter with area de tec tor pro cessed by an ap pro pri ate soft -
ware pro vide pre ces sion-like re cip ro cal space sec tions (RS 
sec tions) al low ing for the de ter mi na tion of OD subfamilies 
(A, B, C, D), and par tic u lar polytypes. Sim i lar RS sec tions
are ob tained by elec tron dif frac tion to mog ra phy (EDT), for 
small crys tals [1]. 

The syn thetic ma te rial con tains mainly 1M and 2M1

polytypes (subfamily A), some times twinned by the 120°
ro ta tion around chex axis. The 3T polytype (subfamily A) is
less com mon. Only one rare mixed crys tal of the 1M and 1T
polytypes of A and C subfamilies, re spec tively was iden ti -
fied, too. An other, ap par ently ninetuple polytype with met -
ri cally R-cen tred lat tice is in fact triclinic, be cause of the
lack of a three fold axis. It is thus de noted as 3A. Com mon
di a grams for de ter mi na tion of polytypes were gen er al ized
in or der to in clude non-trigonal and non-hex ag o nal
polytypes [1].

Sev eral new oc cur rences were stud ied. Cronstedtite
crys tals from Nagybörzsöny, Hun gary, con tain nice ex am -
ples of the well-or dered 1M polytype, pure or in mixed
crys tals with 3T. In some crys tals, the 1M, in an other the 3T
polytype is dom i nant. The twinning by the 120° ro ta tion
around chex axis is also pres ent in some crys tals. More over,
to tally or al most dis or dered crys tals with dif fuse streaks in -
stead of char ac ter is tic re flec tions were found.

Very prom is ing ap peared the new oc cur rence Ouedi
Beht, El Hammam, Mo rocco, about 80 km SEE from Ra bat 
(GPS 33°33’15.19"N, 5°49’53.68"W). The lo cal ity is rep -
re sented by a small pit in the moun tains. Of the A
subfamily: polytypes 3T, 1M, 2M1, 6T2 (pre vi ously de -
scribed from Pohled, ÈR) [4,5] were iden ti fied.
Monoclinic polytypes oc cur not sep a rately, but al ways in

mixed crys tals, like 1M+3T, 2M1+3T, 1M+2M1, 2M1+6T2.
Again, monoclinic polytypes are of ten twinned by the 120° 
ro ta tion around chex axis. 2H1, 2H2 polytypes of the
subfamily D are also com mon. More over, a sex tu ple
polytype was iden ti fied in one sep a rate crys tal and in many
mixed crys tals with 2H1. It is not yet clear, whether it is
iden ti cal with the 6T1, de scribed by Hall et al [6]. The
polytype 6R was found as dom i nant in one mixed crys tal
with 2H1. An other sex tu ple R-cen tred polytype was found
in one rare crys tal, twinned by 60° ro ta tion around chex axis
(the so-called ob verse-re verse twin). 

It is worth not ing, that the par tic i pants of the col lo -
quium, who used a train from Prague to Žïár nad Sázavou,
passed closely near two lo cal i ties of cronstedtite: Rejské
Lode at Kaòk (the hill right from the line, just be fore ap -
proach ing the sta tion Kutná Hora), and Pohled (the quarry
at the right side, af ter pass ing the sta tion Pohled). Other
two lo cal i ties Chvaletice (in di cated by a chim ney of the
power sta tion) and Litošice (ap prox i mately in the same di -
rec tion, hid den in the for est) are some what dis tant from the
line. 

Au thor thanks Mar tin Števko for pro vid ing sam ples from
Nagybörzsöny and Mo rocco.
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The gov ern ment of the Czech Re pub lic has adopted a res o -
lu tion no. 717 con cern ing the eco nomic in ter ests of the
Czech Re pub lic in the area of super stra te gic min er als re -
sources and other min er als re sources. Con se quently, the
state com pany DIAMO and the Czech Geo log i cal Sur vey
were charged with a task to per form the eval u a tion and an
up date of stra te gic min er als re sources of the Czech Re pub -
lic [1, 2]. 

A re gional prospection for heavy min er als (i.e. min er -
als with den sity higher than 2.9 g/cm3) is an in te gral part of
this pro ject. This ac tiv ity in volves col lec tion of se lected
sam ples in the field, min eral sep a ra tion and sub se quent
quan ti ta tive phase iden ti fi ca tion. Tra di tion ally, op ti cal
iden ti fi ca tion of sep a rated min eral grains us ing bin oc u lar
mi cro scopes has been the most used method for such task.
How ever, this method has sev eral dis ad van tages, e.g. dif fi -
cul ties in iden ti fi ca tion of some min eral phases, high-time
de mands and oth ers. More over, only well-qual i fied and ex -
pe ri enced an a lyst can pro duce re li able re sults. 

An other way of quan ti ta tive phase anal y sis of heavy
min er als is an ap pli ca tion of so-called au to mated min er al -
ogy meth ods. Au to mated min er al ogy an a lyt i cal so lu tions
are char ac ter ised by in te grat ing largely au to mated mea -
sure ment tech niques based on Scan ning Elec tron Mi cros -
copy (SEM) and En ergy-dispersive X-ray spec tros copy
(EDS). In ad di tion to the quan ti ta tive phase anal y sis, this
method can pro vide in for ma tion con cern ing the size and
shape of ana lysed grains, re la tions be tween min er als (e.g.
their intergrowns) [3]. Nev er the less, there are sev eral dis -
ad van tages in clud ing e.g. the dif fi culty to dis tin guish be -
tween min eral poly morphs (e.g. TiO2 or Al2SiO5

poly morphs) or com plex prep a ra tion of stud ied sam ples.
The price of such anal y sis is also rel a tively high, which
com pli cates its rou tine ap pli ca tion.

Pow der X-ray dif frac tion (PXRD) with sub se quent
Rietveld data anal y sis seems to be an ef fec tive al ter na tive
method for such task. Pre lim i nary anal y ses were per -
formed at Lab o ra tory of X-ray Dif frac tion of the Czech
Geo log i cal Sur vey at Bruker D8 Ad vance diffractometer.
The CuKa ra di a tion, pos i tive-sen si tive de tec tor Lynx Eye
XE and 9-po si tion sam ple changer (Flipstick) for re flec tion 
were used for mea sure ment. Ap pli ca tion of fast pos i -
tive-sen si tive de tec tor and sam ple changer en abled fast
data col lec tion and high out put from the Lab o ra tory in clud -
ing au to mated nights mea sure ments. Us ing the above-men -
tioned in stru men ta tion, it is pos si ble to mea sure 18 sam ples 
per day. Con trary to the meth ods of au to mated min er al ogy,
it is pos si ble to dis tin guish be tween dif fer ent poly morphs
and the prep a ra tion of sam ples is rel a tively easy. On the
other hand, a care ful min eral sep a ra tion of heavy min er als
sam ple into sev eral con cen trates is nec es sary. Prior to dif -
frac tion anal y ses, the heavy min er als sam ples are sep a rated 
ac cord ing to their spe cific grav ity and mag netic prop er ties.
The re sulted frac tions are weighted and sub se quently ana -
lysed by PXRD. Qual i ta tive anal y sis is per formed in the
HighScore pro gram, sub se quent quan ti ta tive anal y sis is
car ried out by the Rietveld method. A pro gram Topas 5 is
used. 

In this con tri bu tion, fist ex pe ri ences and pre lim i nary
re sults of quan ti ta tive phase anal y sis of heavy min er als
con cen trates by PXRD will be dis cussed. It seems that
PXRD might be an in ter est ing method for such a min er al -
og i cal analysis.
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Fig ure 1. Typ i cal Rietveld plot of the heavy min eral con cen trate show ing wt.% of min er als.  
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 Mod u lated struc tures are not a piece of cake to solve but
some of them can be trick ier than the oth ers. The most ob -
vi ous so lu tion is not al ways the proper one and con sci en -
tious ver i fi ca tions of  the model have to be done in or der to
ob tain the best struc tural model. We will fo cus here on the
ex am ple of the (3+1)D struc ture of the FeLN5PhenMeCl2
com plex pre sent ing a typ i cal mis lead ing mod u la tion.

The res o lu tion and re fine ment of the struc ture were per -
formed us ing the soft ware Jana2006 [1]. The av er age
struc ture of FeLN5PhenMeCl2 was de ter mined us ing
Superflip pro gram [2]. The struc ture is com posed of two
su per im posed inversed con fig u ra tions of the com plex, in -
di cat ing the pres ence of dis or der. This dis or der is the tricky 
point of the struc tural res o lu tion! To model it, two op tions
can be con sid ered: the use of a crenel-type oc cu pa tional
mod u la tion [3] or the use of a si nu soi dal oc cu pa tion-func -
tion cou pled with a po si tional mod u la tion func tion. In the
first case, the dis or der ob served in the av er age struc ture is,

in fact, a hid den-or der: both con fig u ra tions would ex ist in -
de pend ently, ap pear ing al ter nately along the pe ri od ic ity
axis of the mod u la tion. In the sec ond case, the dis or der can
re flect an or dered-dis or der along the fourth di men sion:
each con fig u ra tion pres ents a po si tional mod u la tion (the
or der) and a prob a bil ity of pres ence given by the oc cu pa -
tional mod u la tion (the dis or der). Both pos si bil i ties will be
in ves ti gated. Fi nal struc tures will be ob served via the new
graphic tool developed in Jana2020 [4] enabling the direct
observation of mixed modulations on the structure.
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Nanoporous ma te ri als are of great in ter est since a few de -
cades due to their high spe cific sur face area and their
three-di men sional po ros ity. These ma te ri als, con sti tuted of 
in ter con nected lig a ment struc ture, can be used in a wide
range of ar eas such as bio tech nol ogy [1], elec tron ics [2] or
en ergy stor age [3]. The most used tech nique for the cre -
ation of a nanoporous struc ture is the dealloying pro cess.
Briefly, it con sists in the dis so lu tion of the less no ble metal
from an al loy re sult ing in the for ma tion of a three-di men -
sional skel e ton of the more no ble el e ment at nanoscale.
Now a days, lots of work has been de voted to tune the fi nal
nanoporous struc tures, i.e. lig a ment sizes and po ros ity, and 
im prove their prop er ties. These tech niques in clude, for ex -
am ple, the mod i fi ca tion of the dealloying ki netic or by fur -
ther an neal ing the nanoporous struc ture. How ever, only a
few stud ies re port on the mod i fi ca tion of the mor phol ogy
of as-grown al loy. In deed, con trol ling the mor phol ogy and

the re sid ual stress in thin films af ter the growth of ma te ri als 
is cru cial to tai lor their prop er ties. Al though the pres ence
of re sid ual stress in a thin film is in gen eral con sid ered as a
draw back, how ever in some par tic u lar cases, it can be of
real ben e fit for the de sired ap pli ca tion. In this con tri bu tion,
I will show how the re sid ual stress in a de pos ited gold cop -
per al loy by mag ne tron co-sput ter ing can be used to tune
the mor phol ogy of nanoporous gold af ter dealloying. De -
po si tion of a gold cop per thin film was per formed over a
sub strate at dif fer ent tem per a ture lead ing to dif fer ent
morphologies of the thin film ac cord ing to Thorn ton di a -
gram. Dealloying those thin films in ni tric acid lead to an
is land-like nanoporous mor phol ogy for high de po si tion
tem per a ture. The or i gin of such in no va tive mor phol ogy is
at trib uted to the re main ing stress in the sam ple af ter de po si -
tion (Fig ure 1). More pre cisely, it has been dem on strated
that the re sid ual stress is mostly due to the ther mal stress in -
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duced dur ing de po si tion. In this study, the re main ing stress
in as-grown films was stud ied by X-ray dif frac tion anal y sis 
and the nanoporous struc ture was probed by Small An gle
X-ray Scat ter ing and Scan ning Elec tronic Mi cros copy.
Such nanostructured gold thin film with a dou ble level of
po ros ity can be con sid ered as po ten tial can di dates for the
de vel op ment of ad vanced sen sors and actuators.

1. W. Gao and J. Wang, Nanoscale, 6, (2014), 10486.

2. A. Chauvin, W. Txia Cha Heu, J. Buh, P.-Y. Tessier and
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3. X. Lang, A. Hirata, T. Fujita and M. Chen, Na ture
Nanotechnology, 6, (2011), 232.

The au thors ac knowl edge the fi nan cial sup port from the
pro ject NanoCent—Nanomaterials Cen tre for Ad vanced
Ap pli ca tions, Pro ject No. CZ.02.1.01/0.0/0.0/15_003/
0000485, fi nanced by ERDF. Fig ure 1. Evo lu tion of the d-spac ing as a func tion of sin2y in

as-grown thin film at dif fer ent tem per a tures.


