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A rontgendiffrakcios képbdl meghatarozhato
legfontosabb informaciok:

Fazisazonositds

Fazisok mennyiségi viszonyai

Elemi cella paraméterei

Elemi cellaban |1évé atomok elrendezddése

Tércsoport meghatdrozds

Realis szerkezet
Krisztallitok mérete (koherensen szoro

domének)

Rendezettségi paraméterek (deformacio)

A modern anyagtudomany megalapozoi

@ 1901

Wilhelm Conrad Réntgen
1845-1920

1895. November 8,




A modern anyagtudomany megalapozoi

1914 @1915

Max von Laue William Henry Bragg  William Lawrence Bragg  Rosalind Franklin
(1879-1960) (1862-1942) (1890-1971) (1920-1959)
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ol Incigent A Assumptions:

[:] plane wave l"-l Monochromatic beam
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e @ ni=2dsin®
Bragg's Law
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nA=2d sin




detector
X-ray tube

sample holder
with sample

Bragg-Brentano geometria
(egyszeriisitett kép)
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PORDIFFRAKCIO

o0y (1l

£ i

g I fex
S, i

i

LLL

B

04

A Debye-Scherrer-modszerneél
egy-egy adott Miller-indexi
kristalysikseregroél diffraktalt
nyalab egy-egy 40 nyilasszdgii
kupfelliletet alkot. A D-S-kamra
belsd, hengeres falara helyezett
filmen (ez a detektor) ott jon
létre feketedés, ahol a
kupfellletek metszik a
hengerpalastot.
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Bragg-Brentano geometria
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KVARC
88-2487 Quality: © Si0z2
CAS Mumber: Silicon Oxide
S Ref: Calculated from IC5D using POWD-12++
iy kiR Ref Toe.d.5. Klug, DD Alan,D.C.. Phys Rev. B: Condens hatter, 51, 16332 (1395)
Dw 2641 D .
Sys: Hexagonal E
Lattice: Primitive £
5.G.: P3221 (154) o
Cell Parameters: T c
a 4.93 b c 5385 ® = Z
- " [*8 -
- = | Ll ] I i -
T T T T T
\Acor 300 5.9 an 20 15 13 dil]
Fad: Cukal
Lambda; 1.54060 dia) Intf h k|| d&) Int-f b k1| dia) Intf h k|
Filter: 42695 212 1 0 0 |1.6547 14 01 3 |12328 0 220
drsp: caloulated 33455 9990 1 1 |16137 2 120 |1.2000 21273
ICSD #: 041672 2.4650 74 1 1 0 |15458 7211|1184 21130
Mineral Mame: 2.2774 7210 2 |1.4510 14 113 |1.1815 25 114
Quartz low 22413 o111 1423 3 300 [1.1565 n 311
21347 43 2 0 0 |1.3841 44 1 2 2 | 11387 2 204
1.9845 27 201 {13758 40 0 31 |1.1208 1 222
1.8181 104 11 2 |1.3738 5 203|119 2 303
1.7330 4 003 [1.28% 17 104
1.6727 3022|1288 2 302
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Rontgen pordiffraktogram
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Amibél a difraktogram épiil:
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(maximum intensity)

=+ approximation
for peak intensity
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peak position 2theta 7]
=+ d-spacing
= lattice paramoters

(metrics of the unit cell)

peak width
= crystallite size, defects (strain, disorder)
» full width at half maximum (FWHM),

also known as “half width"

= depends on peak profilel
= integral breacdth
(= integral intensity / maximum intensity)
=+ less dependent on peak profile

60 65 70

peak shape

(peak profile)

= crystallite size, defects
(strain, disorder)
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|| peak height

—» approximation
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(maximum intensity)

for peak intensity
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peak area (integral intensity)
> real measure for peak intensity

» o crystal structure
(contents of the unit cell)
¢ phase amount (in a mixture)

45 50 55 60
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|
peak width
—» crystallite size, defects (strain, disorder)

o full width at half maximum (FWHM),
also known as “half width”
=» depends on peak profile!

e integral breadth
(= integral intensity / maximum intensity)

= less dependent on peak profile

60 65 70

peak shape

(peak profile)
—» crystallite size, defects

(strain, disorder) |
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FWHM = x Gaussian
FWHM = 2x Pseudo-Voigt
FWHM = 4x (50% Gauss)

Lorentzian

Change of peak height with FWHM Change of peak height with peak shape
(peak shape and area constant) (FWIHM and area constant)
— the stronger the peak broadening, —» Lorentzian peak profiles extend

the worse the peak-height relatively lar from peak center

approximation for intensity!
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XRD analizis

- Kvalitativ analizis (kristdlyos fazisok azonositdsa)
cslcspozicid,relativ intenzitds (“fingerprint”)
PDF, JCPD database (diffraktogram file-k)

- Kvantitativ analizis (kristdlyos mixtura fazisainak arénya)
a) mért adatok viszonyitva PDF adatbdzis intenzitasadataihoz, egy
diffraktogramon beliil
b) Rietveld :szdmitott intenzitdsok illesztése a mért adatokhoz
kozelitd kristdlyszerkezeti model felhaszndlasaval az dsszes
fazisra (crystal structure database e.g. ICSD, CRYSTMET, CsD, ...)

* kristdlyos / amorf ardny meghatdrozdssal
a)Ismert kristdlyos belsé standard (spiking method)
b)Kiilsé standard (referencia mintdk,100% amorf, 100% kristdlyos)
c) Standardok nélkiil (elméleti és gyakorlati tapasztalatok alapjan
korrekcios tényezdk!




Téli Asvanytudoményi Iskola

Kézetalkoté szilikétok - régi ismerdsak ismeretlen vondsai
Balatonfiired

2007. Janudr 19-20.

Size/strain analizis: méret effektus

particle or grain size = crystal size z crystallite size = domain size

Methods: Methods:
light microscopy, SEM. laser size analysis. XRD. HRTEM
sieving, ...

Problems: Problems:
agglomeration XRD only indirect!

e Py
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Szemcseméret okozta kiszélesedés
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FWHMN: Full Width at Half Maximum
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Kilonbozd racshibdk profil alakito hatasa

Ponthibak hatasa ; L
a reflexid centrumatol tavol &
(Huang-szoras)
\ 2
¢

Ponthibdk: £~1/r3 révid tavi defordcios tér

Diszlokaciok hatasa

Diszlokdciok: e~1/r hosszitdvi defordcios tér

Rétegzddési hibdk: szemcseméret jellegii szélesedés
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Diszlokdciok okozta vonalszélesedés
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Deformacios anizotrdpia: anizotrop deformadcios tér
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(hkl) fiiggé anizotrop vonalszélesedés




SZERZO MODSZER INDEX JELENTESE
KAOLINIT
MURRAY-LYONS XRD relativ kaolinit 13 kaolinit mintabol standard
(1956) rendezettség sorozat xrd vonalak
felasadasa alapjan
sorbarendezve
MURRAY-LYONS XRD kaolinit rendezettség _
(1960) 1(110)/1(020) =
>1 J6l rendezett
0.7-1 k6zepesen rendezett
<1 rendezetlen
BRINDLEY XRD kaolinit rendezettségi _
(1961) mutaté 1(131) > 1(131) jél rendezett
1(131) < I(131) rendezetlen
HINCKLEY XRD Hinckley-index _ _ _
(1963) (I(110)+1(111))/ 1(110) =
1-1.2 j6l rendezett
0.8-0.9 k6zepesen rendezett
0.6-0.7 rendezetlen
ILLIT
WEAVER XRD »élességi arany” H(10.0A)/H(10.5A)
(1960) (sharpness ratio)
KUBLER illit a Az illit: it 10A-6s
(1967, 1968) (IC)=largeur de Scherrer bazisreflexidjanak kalibralt
(LS)=Kiibler-index (KI) félértékszélesség (FWHM)
WEBER XRD relativ félérték-szélesség Hbrel=Hb(001)II/Hb(100)Qtz
(1972) (Hbrel)=Weber-index
FLEHMIG IR Flehmig-index= EAL-O-Si/EOH
(1973) kristalyossag
KLORIT
ARKAI XRD Arkai index a klorit 14-A-6s
(1991, 2001) ChC(001) bazisreflexidjanak kalibralt
ChC(002) félértékszélessége
(FWHM)
aklorit 7-A-6s
bazisreflexiéjanak kalibralt
félértékszélessége
(FWHM
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Kaolinite Al,Si,O5(0OH), ¥

*1:1 Phyllosilicate with
layers held together by
hydrogen bonds.

*Major alteration
product of feldspars.

*Mineral of "China Clay”
in Cornwall.




Mica Structure

Muscovite (Monoclinic)




Chlorite

& (4151301005
(Mg3(0H)z)*

S B (Mg2AIOH),)"

+Alteration product of biotite
in retrograde metamorphic
rocks.

«Greenschist facies.
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ENDROD 13-14. FURAS
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TasLe 5.8. Effect of some diagnostic treatments on spacing of first low angle reflection of clay minerals; spacings in A are approximate

AAId HALAVHD

. Y Ethylene Reflection
Mineral Air-dried glycol 300-350°C  300-600°C  disappears at Remarks Reference
Imogolite 20-12A(B)  20-12A(B) 19 Disappears  300-450°C  20-12 A band replaced by sharp intensc
19 A reflection at 100-200°C; reversible
» y in moist air
Kaolinite 7 7 7 Disappears  500-550°C  Occasionally weak broad band at 12-14 A
L at $00-550°C
Dickite 7 7 i Disappears  550-650°C  Usually broad reflection e. 14 A at (1)
; 550-700°C
Nacrite 7 7 7 Disappears  $50-650°C
Kaolinite, disordered 1 7 7 Disappears  SD0-$50°C
Halloysite-T A 7 7 7 Disappears  450-520°C
Halloysite-10 A 1 10 T Disappears ~ 450-520°C Dchy::_ul‘&ll;mﬂy irreversibly 1o 7 A form
. at 50-100°
Serpentine i LY 7 Disappears  $75-T00°C  Broad reflection 11-14 A region at 550 &3
650°C; forms olivine and enstatite at
3 650-T00°C
Nepouite T(B) T(B) 7(B) Disappears  550-600°C  Broad reflection 11-14 A at $50-650°C; 3, 4)
amorphous 350-800°C; NiD-like phase
800-1000°C
Berthierine (ferrous) 7 7 7 Disappears  450-500°C  Ouxidized to ferric form 350—450°C 5
Berthicrine {Terric) 7 7 7 Disappears  450-500°C  Forms hematite + spinel 650-1000°C (5)
Cronstedtite 7 7 7 7 Spinel-like phasc with 7 A reflection persists ()
w >700°C
Amesite 7 7 7 Disappears 550-600°C n
Mica 10 10 10 1 BOO=1000°C+ w0
Kerolite—pimelite 10 (B} 10 (B) 10 (B) 10(B) F00-800°C  Transformed to enstative TOO-B00°C (4) =
Smectite, Mg, Ca 15 17 10 10 700-1000°C Trioctahedral varieties more stable in >
Smectite, Na 12-5 17 10 10 700-1000°C range ]
Vermiculite, Mg. Ca 14.5 14-5 10 10 -
Vermiculite, Na 12:5 145 10 10 TR Ne =
Chlorite (magnesian) 14 14 14 14 800°C 14 A intensity increased at 500-600°C; (8) z
forms olivine at about 800" C =
Chlorite (iron-rich) 14 14 14 14 600°C 14 A intensity much increased S00-600°C; -
forms olivine at 600-700°C A
Swelling chlorite 14 16=17 14 14 >
Palygorskite 10-5 10-5 10-5 + 9-2 %2 700°C Marked increase in 10-5 A intensity at 150°C  (9) =
Sepiolite 12:2 12:2 12:2 + 10-4 10:4 T00°C g
Temperature at which thermal changes occur are affected by size of crystals and duration of heating; larger crystals require higher temperature and longer time ;
for reaction. o
(B) = broad reflection. (2]
References: (1) Hill (1955); (2) Brindley and Zussman (1957); (3) Brindley and Wan (1975); {(4) Pham Thi Hang and Brindley (1973); (5) Brindley and =
Youell {1953); (6) Steadman and Youell (1957); (7) Brindley, Oughton and Youell (1951); (8) Brindley and Ali (1950); (9) Nathan (1970). g
=
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counts's
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_KORLATOK"

roncsoldsmentes ?

reprezentativ minta igénye

kimutatdsi érzékenység

fazisok atlapolé reflexioi

izomorf sorok kis szerkezeti
kiilonbsége

kiilonb6z6 hatasok azonos eredménye

mdsodlagos folyamatok ,termékei”
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