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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 Rontgen
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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TUNGSTEN GLASS
FILAMENT '/

TO TRANSFORMER.
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SCHEMATIC CROSS SECTION OF AN X-RAY TUBE
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Egykristdly diffrakcié (Laue-kisérlet)
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A Debye-Scherrer-modszernél
egy-egy adott Miller-indexii
kristalysikseregrdl diffraktalt
nyalab egy-egy 40 nyilasszdgi
kupfeliiletet alkot. A D-S-kamra
belsd, hengeres falara helyezett
filmen (ez a detektor) ott jon
létre feketedés, ahol a
kupfeliiletek metszik a
hengerpalastot.




detector
X-ray tube

sample holder

with sample
Bragg-Brentano geometria
(egyszeriisitett kép)
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Rontgen pordiffraktogram

A RONTGEN PORDIFFRAKCIO ALAPJAI

Amibél a difraktogram épiil:
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g peak height
- (maximum intensity)
=+ approximation
4000 for peak intensity
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20 25 3; is 40 45 50 &5 60
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

65 70

peak shape

(peak profile)

= crystallite size, defects
(strain, disorder)
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peak height
(maximum intensity)
— approximation
for peak intensity

peak position
- d-spacing
—» lattice parameters
(metrics of the unit cell)

45
2theta [°]
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peak area (integral intensity)
> real measure for peak intensity

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

45 50 55 60

A RONTGEN PORDIFFRAKCIO ALAPJAI

|
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 fézisainak arénya)
a) mért adatok viszonyitva PDF adatbdzis intenzitasadataihoz, egy
diffraktogramon beliil
b) Rietveld :szdmitott intenzitdsok illesztése a mért adatokhoz
kozelitd kristdlyszerkezeti model felhaszndldsaval 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!
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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

NS

D

D

: |
FWHM~1/D | 2 [ FWHM~1/D
—s
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Yl

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

A RONTGEN PORDIFFRAKCIO ALAPJAI

Diszlokdciok okozta vonalszélesedés

1
] 4 F
L WY A |

diszlokacio

Deformacios anizotropia: anizotrop deformadcios tér

|

(hkl) flggé anizotrop vonalszélesedés
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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 kbzepesen rendezett
<1 rendezetlen
BRINDLEY XRD kaolinit rendezettségi —
(1961) mutaté 1(131) > I(131) j6l 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
LT
WEAVER XRD ,élességi arany” H(10.0A)/H(10.5A)
(1960) (sharpness ratio)
KUBLER ilit Az illit: it 10A-6s
(1967, 1968) (IC)=largeur de Scherrer bazisreflexiéjanak kalibralt
(LS)=Kiibler-index (KI) félértékszélesség (FWHM)
WEBER XRD relativ félérték-szélesség Hbrel=Hb(001)I/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)
ONTGEN PORDIFFRAKCIO ALAPJAI
do

ds
d,
L, . - e
’ ¢ o o \
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KVARC
882487 Quality: © ggl_uz i
A5 Mumnber: ficon Oxide
MolecuLE: \:'[eight' 50,08 Fef: Calculated from IC5D using POWD-12++
VolumelCD]: 11'3_35 . Ref: Tee, J.5.. Klug, D.D., Allan, D.C., Phys. Rev. B: Condens. Matter, 51, 16392 [1995]
D 2641 D
Sys; Hexagonal
Lattice: Primitive :73 =
S.G. P3g21 (154) !
Cell Parameters: TE o
a 493 c 5385 = z
2 | Ll | 1 i =
1 L) 1 1 1
\/lcor 300 k] 30 20 15 13 dil)
Rad: Cukal
e 1 54060 g8l I hok L|dAl Inef h ok L |diB] I koK
Filter: 42695 212 100 |1E5%47 14 01 3 (1238 10 220
dsp: calculated 33455 999+ 0 1 1 |16137 2 120 |1.2000 21273
ICSD #: 041672 JH4EE0 74 11 0 |1E4E@ 77 o2 17 (1184 2130
Mineral Mame: 22774 72 102 (14510 14 113 |11815 25 1173
Quartz low 22413 3 117 142 3300|1188 11 317
21347 43 2 0 0 |1.3841 44 12 2 |1.13%7 2204
19845 27 201 (1373 40 0 31 |1.1206 12272
18181 104 11 2 (1378 &5 203|115 2 30313
1.7950 4003|1283 17 10 4
16727 33 022|128 21 302
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— — . C-
. . - . ——
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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.
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Mica Structure

Muscovite (Monoclinic)
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Chlorite

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

S B (Mg2AIOH),)"

+Alteration product of biotite
in retrograde metamorphic
rocks.

«Greenschist facies.
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e
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Mdrgds agyagok endoterm és exoterm dtalakuldsdnak szakaszai (Veniale 1990)

Mészmentes agyag fazisdsszetételének @
valtozdsa a kiégetés soran

HémérséKet (°C)
500 600 700 800 900 1000 1100
! I e e e
. | |
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it (020) | | || II
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Meszes agyag fazisdsszetéetelének valtozasa
a kiégetés soran

HomérséKet (°C)

750 800 850 900 950 1000 1050 1100
Kvarc
it (001) T
Plagibklasz
Kalifddpat e
Kalcit R
Diopszid e
Gehlent s [ —
Hematit ?

@ v

A KEMENCE LEGTERENEK HATASA

S Gl
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T,

- Meszes alapanyag

(b}

Abb. 56: Verinderung dos Phasenbestandes der Probe 15 in Abhingigheit

von der Brenntesporatur
a) ::i einer Ssuerstoffugazitit von 0,2 atm

b) Cleich 2 b [sta 1

OXIDIEREND REDUZIEREND
“C 600 700 Apo  8po 10%g00 70O 8O0 @00 10

Q
JLL
4 = (a-ana
HALE | B g s
MAG we  Meészmentes alapanyag
HER % ke
FAY
EE; (a)

Abb. 55: VerSnderung des Phasenbestandes der Probe 11 in Abhingigkeit

von der Drenntesperal
a) boi einer Ssuerstoffugazitiit von 0,2 atm
b) bei den

tstark v raturabiing]
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Mdrgds agyagbél (illites)
oxidativ égetés sordn keletkezd
fazisok
(Magetti, Noll, Heimann 1976, 1984)

Mdrgds agyagbdl (illites)
reduktiv égetés sordn keletkezd
fézisok
(Noll, Letsch 1979)

@ gy s s
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820 - 850 oC

/l

B Ca- silicates

950 - 1050 0C
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10,1 SZERICITILLIT

334 HVARE

- 230 PLAGIONLASE FOLDPAT

209 DiOPSZID
- 105 GEMLENIT

45
Zinety

o
=
>
TapLe 5.8, Effect of some diagnostic treatments on spacing of first low angle reflection of clay minerals; spacings in A are approximate 5
i W Ethylene Reflection z
Mineral Air-dried glycol 300-350°C  300-600°C  disappears at Remarks Reference 32
- —— e e e o —— SN e —— m
Imaogolite W-12A(B)  20-12A(B) 19 Disappears  300-450°C  20-12 A band replaced by sharp intense
19 A reflection at 100-200°C; reversible
g | i in moist air
Kaolinite 7 7 7 Disappears  500-550°C  Occasionally weak broad band at 12-14 A
o at S00-550°C
Dickite 7 U 7 Disappears  550-650°C  Usually broad reflection e. 14 A at (1)
550-700°C
Nacrite 7 7 7 Dissppears  550-650°C
Kaolinite, disordered 7 7 7 Disappears  S00-530°C
Halloysite-7 A 7 7 7 Disappears  450-520°C
Halloysite- 10 A 11 10 7 Disappears ~ 450-520°C  Dehydrates, usually irreversibly to 7 A form
% at 50-100°C
Serpentine 7 7 7 Disappears  575-700°C  Broad reflection 11-14 A region at 550- 23
650°C; forms olivine and enstatite at
) 650-T00°C
Nepouite 7(8) T(B) T(B) Disappears  550-600°C  Broad reflection 11-14 A at 350-650°C; (3, 4)
amorphous 350-800°C; NiO-like phase
800-1000°C
Besthierine (ferrous) 7 7 7 Disappears  450-500°C  Oxidized to ferric form 350-450°C (5)
Berthierine (ferric) 7 ) T Disappears  450-500°C  Forms hematite + spinel 650-1000°C 5
Cronstedtite 7 i 7 7 Spinel-like phase with 7 A reflection persists (6)
o >T00°C
Amesite ) 7 7 Disappears  $50-600°C n
Mica 10 10 10 10 BOO-1000°C+ w0
Kerolite-pimelite 10 (B} 10 (B) 10(B) 10 (B) 700-800*C  Transformed to enstatite TO0-B00°C () N
Smectite, Mg, Ca 15 17 10 10 1 200-1000e¢ Trioctahedral varieties more stable in i
Smectite, Na 12-5 17 1 10 J T00-1000°C range -
Vermiculite, Mg. Ca 14-5 14-5 10 10 1 ~ -
Vermiculite, Na 12.5 14.5 10 10 j"‘w' s 2
Chlorite (magnesian) 14 14 14 14 800°C 14 A intensity increased at 500-600°C; 8 =z
forms olivine at about 800°C L
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 105 10-5 105 + 9-2 9.2 700°C Marked increase in 10-5 A intensity a2 150°C (%) 2
Sepiolite 12:2 122 12:2 + 10-4 10-4 700°C '3
Temperature at which thermal changes oceur are affected by size of crystals and duration of heating; larger crystals require higher temperature and longer time =
for reaction. g
(B) = broad reflection. 0
References: (1) Hill (1955); (2) Brindley and Zussman (1957); (3) Brindley and Wan (1975); (4) Pham Thi Hang and Brindley (1973) (5) Brindiey and =
Youell {1953); (6) Steadman and Youell (1957); (7) Brindley, Oughton and Youcll (1951); (8) Brindlcy and Ali (1950); (9) Nathan {1970). g
=
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A Veértesszdlos I. lelshelyrdl szarmazé

csonttdredékek. Sotét csontok sdrga szinl belsével
és fekete peremmel (Pb 65/1355/5/1 és 2 mintdk)
és a referenciaként haszndlt fehér csont (Pb

65/2209 minta).

A RONTGEN PORDIFFRAKCIO ALAPJAI

B

211
2801 A
-

1z
2784 A
=
al o

Cl= (a+b+dih

3448 A

3073 A

-,
I T T T T T T T T T O Y O I
40 35 a0 25

28 Cu Ka (degrees)

CI = [H(202) + H(300) + H(112)] / H(211)
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21 (Dogres) 28 Cu Ki
Diffrakciés maximumok szétvdldsa a A diffrakciés i k progressziv &l
kalcindlt geolégiai (nem biogén) és hdkezelt kban, névekvd CI értékekkel, valami g
biogén mintdkban (Odriozola et al. 2007) hémérsékleten kiégetett mdzban. (Person et al. 1996)

_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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