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MWP and CMWP-fit

N
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MWP and CMWP-fit are computer programs developed by Prof. Ungar
Tamas and Dr. Ribarik Gabor (Diffraction Laboratory, Department of
General Physics at Eotvos Science University in Budapest, Hungary) for
the determining the microstructural parameters from X-ray diffraction
patterns of materials with cubic or hexagonal crystal lattice.

The programs are available for on-line usage at:

http://www.renyi.hu/cmwp/
http://www.renyi.hu/mwp/




Sources of X-ray Line Broadening:
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Instrumental sources: broadening caused by diffractometer imperfections

( Non ideal optics, Wavelength Dispersion, Sample Transparency, Axial Divergence, Detector

resolution)

Standards for instrumental broadening: SRM660a (LaB,) , SRM640c (Si) - NIST

Standard specimen preparation: Berkum, J. G. M. van, Sprong, G. J. M., Keijser, Th. H. de, Delhez, R. and
Sonneveld, E. J. (1995), Powder Diffr. 10, 129-139




Physical sources X-ray line profile broadening
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N
* broadening effect due to crystallite smallness (coherent domain).
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Coherent domain X-ray line broadening may include effects of stacking- and twin faults and
sub-grain structures (for instance small-angle grain boundaries).




Physical sources X-ray line profile broadening
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* broadening effect due to micro-strain:

— dislocations,
— stacking faults,

— precipitates of second phase particles,

— concentration gradients in solid solutions,
— severely distorted grain boundaries in nano-crystalline materials,

— different types of internal stresses or strains which may be heterogeneous.



X-ray Line Broadening
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MWP and CMWP-fit - theoretical background

_Assumptions:

N

1) X-ray diffraction line is broadened due to:
- small coherent domains (usually smaller then 1 um),

- lattice distortion.

2) The crystallites are spherical or ellipsoidal,
3) The crystallite size distribution is lognormal.

4) The lattice distortion 1s assumed to be caused by dislocations




MWP and CMWP-fit - theoretical background

- Physical profile functions - | _=I
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Size effect:

Assumption — log-normal size distribution and spherical crystallites:
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where m is the median,c 1s the variance of the log-normal size distribution

and erfc 1s the complementary error function.




MWP-fit - theoretical background
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- Physical profile functions - | =1, .*l j<iorsion
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Strain effect - dislocations:

Based on the Wilkens model (1970) the Fourier transform of the strain
profiles are written as:

AP (L) = exp{—27°g*L*[(b/27)* zpC f (L/R)]}

where g is the absolute value of the diffraction vector; L is the Fourier length,

b 1s the absolute value of the Burgers vector, p is the dislocation density; 6
is the average contrast factor of dislocation; R_" is the effective outer cut-off

radius and f is the Wilkens function.




Strain effect - dislocations
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Similar to TEM

Strain anisotropy
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MWP - fit;

L

The Fourier transforms of the measured profiles are fitted all at once with:

A(L) = [AS (L)/ A° (O)]exp L27°9°L°[(b/ 27)° 72,061‘ (L/RO]}




MWP - fit:
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Nonlinear least squares method:

(A(meas) - A(calc))2 = min.




Microstructural parameters obtained from
MWP and CMWP procedures — m and ¢
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Crystallite size distribution:
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The procedures assumes
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Strain anisotropy parameter, ¢ :

L

N

Average contrast factors of dislocations for cubic crystal systems:

6=Ch00(1—q-H2)

where H2=(h2k2+ h2I2+ k2I2) / (h2+k2+12)2
q depends on the a) studied material elastic proprieties,

b) dislocation geometry/character.

Reference: Ungar, T., Tichy, G. The effect of dislocation contrast on X-ray line profiles in untextured polycrystals. Phys. Stat.
Sol. 1999;171:425434.



Microstructural parameters obtained from MWP and
CMWP procedures:

Strain anisotropy parameter, ¢ : C
L

Choo(l—q'Hz)
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1) If the dislocation structure 1s known from other
techniques, such as TEM, than the C,,, and q can be numerically
calculated for the given dislocation structure and inputted as a fix
parameters in the MWP or CMWP procedure.

2) If the dislocation structure is unknown, than in the
MWP or CMWP procedures C,, is fixed while the g 1s refined.
From the value of q the dislocations type/population can
determined and the real C,,, can be obtained.




Microstructural parameters obtained from MWP and
CMWP procedures:
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Strain anisotropy parameter, ¢q :

determining the dislocations character

FCC: a/2 <110>{111} BCC: a/2<111>{110}
al2 <111>{112)

{111} {110}




Theoretical individual and average contrast factor of dislocations
can be found in:
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Ungar, T., Dragomir, I., Révész, A., and Borbély, A.: “The Contrast Factors of Dislocations in Cubic
Crystals: the Dislocation Model of Strain Anisotropy in Practice”, J. Appl. Cryst., 32, 992-1002,
(1999).

Dragomir I. C. and Ungar T.: “The dislocations contrast factors of cubic crystals in the Zener constant
range between zero and unity” in Powder Diffraction Journal, 17, 104-111, (2002).




Microstructural parameters obtained from
MWP and CMWP procedures:
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Cubic crystal systems — theoretical average dialocation contrast factor:

FCC system - dislocation slip systems: 1/2<110>{111} type
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Average dislocation contrast factor for hexagonal crystal systems:
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g Dislocation slip systems
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Microstructural parameters obtained from
MWP and CMWP procedures:
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Average contrast factor for hexagonal crystal systems, (], and Q,:
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Dragomir I. C. and Ungar T.: “The contrast factors of dislocations in the hexagonal crystal
system” in J. Appl. Cryst., 35, 556-564, (2002).




To many unknowns — assumptions are needed
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Microstructural parameters obtained from
MWP and CMWP procedures:
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Hexagonal crystal systems, ¢, and Q-:

Measured and Theoretical average contrast factor of dislocations:

1 3
"= L3 el
C = f,C+f,C+,C,
—> 1 & & i
fi+f+1=1 qém)zgzhich(l?obfqé') )
i=1

ihi:

i=1

(m)
where P= ZhCh(k')Ob2 b°Cro -

i=1




Microstructural parameters obtained from MWP
and CMWP procedures — dislocation density
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Evaluation of real dislocation density, p:

Cubic: pE =...pC ,(1—=q-H?)

i P |
p*.C oo = JoX Choo™

Hexagonal: pb26 — ....pbzchko(l +(, X+ q2X2)

(input) (real)

b*Ce p*=b"Cy, P




Microstructural parameters obtained from MWP
and CMWP procedures — arrangement parameter
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Dislocation arrangement parameter, M (Wilkens, 1970):

M is defined by Wilkens as the dislocation arrangement parameter.

M = R./p

M >>1 week screening of dislocations fields

M ~ 1 quasi-homogeneous dislocation arrangement

M <<'1 strong screening of dislocations filed, dipole configurations



MWP-fit:;

Before using MWP the following profile corrections are necessary:

(N

1) background

11) overlapping peaks
1) Ka,

1v) instrumental effect

Free software: MKDAT at http://www.renyi.hu/mkdat

Other free software that can be used for corrections can be found at:
http://www.ccpl4.ac.uk/

Also commercial software as Jade, Topas, High Score Plus, etc.




MWP — fit front-end:

@ http: v, renyi.hufmwp/ V| Go | Links
EJSEHI‘BH *| Google + Yahoo! + Askleeves LookSmat Files + 2% Customize @WEuﬁnn 2

Address

»

Multiple Whole Profile fitting Main Page

MWP-fit is a program for evaluating diffraction profiles using the method of Multiple Whaole Profile fitting. If vou want to know more about the method and the program, click here. A
detailed help is available in the documentation page.

It is freely available for non-commercial, scientific purposes for users who accepted the TERMS AND CONDITIONS of usage. You can ask for a username and password in the TEEMS
AND CONDITIONS page.

Users can acces the prozram via this page:
vou can upload vour profile files,

view the list of vour samples,

or start the evaluation prosram.

You can also view the results of previous mns.
Thetz is also a documentation page.

A similar procedure has been recently developed, called the method of Convolutional Multiple Wheole Profile fitting, which is more sophisticated compared to the MWP method, so vou
should use the CAIWE method when possible.

MEDAT is a program for preparing X-ray diffraction data for the MWP program. The functions of the program: (1) stripping off background, (i) separation of overlapping peaks and (1)
deconvolution of instrumental profiles. Follow this link to download it.



MWP - fit - Input files
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Format: 2-column ASCII type of files for every hkl diffraction profile

1) The first column contains :
d* =1/d = 2sin(6- 0,)/ A

2) The second column contains the normalized intensity.

Example: -0.0023  0.981756
-0.0018  0.989999
-0.0013  0.995834
-0.0009  0.999185
-0.0004  0.998253

0 1
0.0004  0.993943
0.0009  0.9871
0.0013 0.977779
0.0018  0.966061
0.0023 0.952054




MWP procedure:

Input files - examples

Ve
UV
Address |@ http: /fwww, renyi. hufmwp/program/mwp-upload html "| Go | Links *
@_;SEnrcll v| Google = Yshoo! = Ask Jeeves LookSmart Files - %Cus’[omize réjl'uh'BLrt‘lon __,ﬁ

MWP-fit Upload Page

Here you can transfer the intensity profiles or their Founer transforms from your computer to vour main directory with this simple tool. Specify the name of yvour sample (the name of the
directory in which the profiles will be uploaded), specify the hil-indices, click on Browse... to select the files and then click Upload Files.

Name of the 3E_tple:|ceoz'1 |

The files are Fourier transforms instead of intensity profiles: D

hE1:[171 filenzme :Lver\2DDE‘J‘»’IV-.‘P‘;CeOE\S‘I\besﬂ‘I 11 .datl[ Browse...

hi1:(200 fileng_-ge:Lver\2DDEHMV'JPHCEOE\S‘I\besﬂZDD.datl[ Browse...
k1220 fileng_-ge:Lver\2DDEHMWPHCEOE\S‘I\besﬂQED.datl[ Browse...
hk1:(222 filenzme :Lver‘QDDE‘J\-’IV'.fP‘;CeOE\S'I‘;besﬂQEE.datl[ Browse...
hk1:311 filen:;ce:Lverk2DDEHI\-’IV'.‘P‘;CEOE‘LS'I‘;IJESTB‘I‘l.datl[ Browse...
hk1:331

filenﬂe:Lver\2DDE‘J\-W'JP‘;CEOE\S'I‘;bestR-‘rEIEI.daﬂ[ Browse...
filenﬂe:Lver\2DDE‘J\-W'.’P‘;Ce021811best\420.dat|[ Browse...
filenﬂe:Lver‘QDDE‘J\-W'.’P\Ce021811best\422.dat|[ Browse...
filenﬂe:Lver‘QDDE‘J'\-’IV'JP\CE021811best\44ﬂ.dat|[ Browse...

hkl

=3

L

o
|| ||
AR =]
KNI E=RIE=]

hkl:

J
J
J
J
J
£ilename :)ver|2005\MWP\Ce02\S1\best 331 datl [ Browse__|
]
]
]
J

=
=
=}

hkl:

[ Upload Files ” Clear ]

Click here to start the evaluation procedure.




MWP — fit front-end:

@ http: v, renyi.hufmwp/ V| Go | Links
EJSEHI‘BH *| Google + Yahoo! + Askleeves LookSmat Files + 2% Customize @WEuﬁnn 2

Address

»

Multiple Whole Profile fitting Main Page

MWP-fit is a program for evaluating diffraction profiles using the method of Multiple Whaole Profile fitting. If vou want to know more about the method and the program, click here. A
detailed help is available in the documentation page.

It is freely available for non-commercial, scientific purposes for users who accepted the TERMS AND CONDITIONS of usage. You can ask for a username and password in the TEEMS
AND CONDITIONS page.

Users can acces the prozram via this page:
vou can upload vour profile files,

view the list of vour samples,

or start the evaluation prosram.

You can also view the results of previous mns.
Thetz is also a documentation page.

A similar procedure has been recently developed, called the method of Convolutional Multiple Wheole Profile fitting, which is more sophisticated compared to the MWP method, so vou
should use the CAIWE method when possible.

MEDAT is a program for preparing X-ray diffraction data for the MWP program. The functions of the program: (1) stripping off background, (i) separation of overlapping peaks and (1)
deconvolution of instrumental profiles. Follow this link to download it.



MWP procedure:

- crystal system selection

G
Address féj http: /v renyi.hufmwp jprogramfmwep-run.himl w . Go Links *
@SEHIBH hd | Google = Yahoo! + Ask Jeeves LookSmart Files - %Cus*tumize ({?M}' Button ,;3

Evaluation of diffraction peak profiles using the
method of
Multiple Whole Profile fitting

Files

Please enter the name of the sample: |Ce02-1

Selection of the crystal system

The crystal system is:
cubic (default) &
hexagonal )




MWP procedure:

- Input parameters

Address E:I http: {fwwewe . renyi. hu/mwp program/mwp-run. html

E_)Eenrnh v| Google |+ Yahoo! - Ask Jeeves LookSmart Files - %Custnmize .ﬁl"-'hrﬂuﬁun 1;3

Input parameters

Please enter the value of the lattice constant "a" (in nm):

Please enter the value of the lattice constant "c" (in nm):

Please enter the value of the absolute value of the Burgers vector (in nm):
Please enter the averaze contrast factor of the hi0 (or hikl) reflections:

Please note that setting of the lattice parameter "c" has effect only if the crystal system is hexazonal.

Selection of the size function

The program will use the spheric size function (default)
The program will use the eflipsoidal size function O
The program will disable the size effect O



MWP procedure:

-settings

féjhtu:u:,-",-'"r\"r\"r\'.ren\,n'i.hu,f'm',x'p,-"pru:ugram,f'm'r\'p-run.html v| Go Links *
@ﬂﬂﬂl‘ﬂh *l Google v | Yahoo! v AskJeeves LookSmart Fles + 30ECustomize %WBuﬁon 7

Address

Sampling of the Fourier transform of the measured data

Please specify the number of samples:
Please specify the upper limit of sampling (in EWEM units):
Please specify the manimal frequency used for plotting and’or sampling the input data:

The program will recompute the Fourier transforms using the new settings: [

Initial values of the parameters

Please enter the initial value of the parameter "a" {or "al"): fie: [

Please enter the initial value of the parameter "a2":|1.0 fix: [

Please enter the initial value of the parameter "b": _
Please enter the initial value of the parameter "c'": _
Please enter the initial value of the parameter "d": fie: [
Please enter the initial value of the parameter e’ fin: [

Please enter the initial value of the parameter "epsilon";| 1.0 fix: [
fix d*e: [

Please note that setting of the parameter "a2" has effect only if the crystal system is hexagonal and setting of the parameter "epsilon” has effect only if the size function is ellipsoidal.



MWP procedure:

N
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Selection of the method of fitting

The prosram will fit the intensity profiles instead of the Fourier Transforms [

Fit control

|
1000 |

After filling in the relevant fields in this form, please press/click this button: Startfiting |, begin the evaluation procedure. Click the button to reset the values.

Please specify the limit for stopping: hig_

Please specify the maximal number of iterations:

ﬂ Done ® Internet
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Address | @] http: /fuww . renyi.hu/fcgi-bin fpost-mwp?SAMPLENAME =Ce0 2- 18HEX AGONAL_CRYSTAL =n&la=0,36048/c=1.08bb=0, 2543418C0=0, 30405 =256 3FOLRIER_FW/

Multiple Whole Profile fitting

Connecting the server for evaluation ...
The evaluation is started.
Please wait until this page loads to get the results.

Mote that the results will be stored i hitp: waow refvi b mep results dragomir CeC2-1-2003-08-02-03-46-33. ...




Address @ http: ffvovewe . renyi. hufcgi-bin fpost-mwp?SAMPLEMAME =Ce0 2- LEHEX AGOMAL _CRYSTAL=n&la=0.3604&lc=1.08bb=0. 25434 1&C0=0. 3040&MN

Multiple Whole Profile fitting

Connecting the server for evaluation ...
The evaluation is started.
Please wait until this page loads to zet the results.

Mote that the results will be stored in hitp: waow refvi b 'mep results  dragomir CeC2-1-2003-08-02-03-46-33.

The fitting iz done, evaluate's output follows:

This is MWP-fit, & program for Multiple Whole Profile Fitting using
theoretical line profile functions.

Copyright (C) Gé&bor Ribarik and Temés Ungar, 19%98-2000. All rights reserved.
or permission to use, copy, modify this program or eny of its components,
g3k the suthors. Bedistributing this scftware is not allowed.

gta directory: dragomir/Cel2-1

The wvalue of the lattice constant (in nm): 0.3804

The sksclute walue of the Burgers wvector (in nm): 0.254841

The average contrast factor of the h00 reflections: 0.3040

The definition of the Size Function:
3f_spheric(k,b,c)=Int(0.5*x*erfc({log(x)-b)/c)* (sin(Pi*k*x)/ (Pi*k))**2,x=0..Inf}

Common characteristics of the Fourier Spectrums:

The number of samples: 256

The upper limit of sampling ({in FWHM units): 5

The maximasl frequency used for sampling and/or plotting:

[
[
[

kkk FIT #*+
I@ﬁDDnE
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Address @ http: ffwvewe . renyi. hufcgi-bin fpost-mwp?SAMPLEMAME =Ce0 2- LBHEX AGOMAL _CRYSTAL=n&la=0.3604&lc=1.0&8bb=0.2543

PR 53 FII PR 53
Calculating a,b,c,d,e to £it the Fourier Spectrums with:
{fct(x) /Efct{0)) *exp (- (K~2*C*x~2/d~2) *wL (e*x) ), where Ict({x) is the Fourier

Transform of sf spheric{x,b,c), K~2={h~2+k~2+1~2)/a~2, C=Ch00*({l-a*H~2},
Hr2={h~2*%k~2+h"2*1~2+k~2%1~2) f (h"~2+k~2+1~2)~2 and wi{x)=E£~*(x) a3 defined

by M. Wilkens imn:

Proc. Conf. Fund. fspects of Disl. Theory, Natiocnal Bureau of Standards, 19&9.

The initial walues of the parameters:
Co=0,3040
i}

=

m oo oow
]
o B Ls R
L]
]
L]

The soclutions:

g=2.32832

b=3.27845
0.5557¢

m=eXp(b)=2&.5348
sigme=c/aqrt(2)=0.392982
D=41,25524740135345nm
d=34.168nm

LO0=2&.0254nm

g=2=2.32832
rho=2/ (Pi* (0.254841nm*d) #*#2)=0.0797181 (1/nm) ~2
Re~*=exp(-1/4)/(2*e)=0.00873534nm
M~*=(Re~*) *sqrt (rho)=0.00246637

After 732 iterations the fit converged.
final sum of sguares of residuals : 5.29
rel. change during last iteration : -4.4

ELI Done




Address @ Rttp: e renyi, hufegi-bin/post-mwp ?PSAMPLEMAME =Ce02- 18HEX AGOMAL_CRYSTAL=n&la=0.36048%/c=1.08bb=0, 254341 %C0=0, 3040&M =2508FQURIER _FYV
e=44.57 78

m=exp (b)=26.5344
gigma=c,/aqrt(2)=0.392382
[=41,255847401345nm
d=34.168mm

LO=26.0254nm

=a=2.32832
rho=2/ (Fi* (0.254841nn*d) **2)=0.07397181 (1/nm) ~2

Be~*=exp(-1/4)/ (2*e)=0.008T73534nm
M~*=(Re~*) *zgrt (rho)=0.00248637

After 732 iterations the fit converged.

final sum of sguares of residusls : 5.29228
rel. change during last iteration @ -4.420&6=-10
Final set of parameters Raymptotic Standard Error

& = 2.32832 +/- 0.1804 (7.7T48%)

b = 3.27845 +/- 0.03636 (1.109%)

c = 0.,5557& +/- 0.01891 {3.403%)

d = 11.08%9 +/- 248.3 (2239%)

= = 44.577& +/- 18499 {4455%)

For more information about correlation matrix and confidence intervals,

please read the file dragomir/Cel2-1.Ifourier.socl.

*%% END OF FITTING #*+**

Fourier Transtorm of dragomir/Ge02-1

I@ Dane
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MWP procedure:

Address

:E:lhtu:u:,f',f"rx"r\",x'.renyi.hu,f'm'a'p,r' V| GD Links ¥
@JSEarnh v| Google + Yshoo! = AskJeeves LookSmat Files - %Custnmize @WEuﬁnn ;;53

Multiple Whole Profile fitting Main Page

MWP-fit is a program for evaluating diffraction profiles using the method of Multiple Whale Profile fitting. If vou want to know more about the method and the program, click here. A
detailed help is available in the documentation page.

It is freely available for non-commercial, scientific purposes for users who accepted the TERMS AND CONDITIONS of usage. You can ask for a username and password in the TEEMS
AND CONDITIONS page.

Users can acces the program via this page:
vou can upload vour profile files

view the list of vour samples,

o start the evaluation program.

You can also view the results of previous mns.
There is also a documentation page.

A similar procedure has been recently developed, called the method of Convolutional Multiple Whale Profile fitting, which is mote sophisticated compared to the MWP method, so you
should use the CAIWE method when possible.

MEDAT is a prograin for preparing X-ray diffraction data for the MWP program. The functions of the program: (i) stripping off backzround, (i) separation of ovetlapping peaks and (i)
decornvolution of instrumental profiles. Follow this link to dowload it.



MWP output files:

Address |€| hittp: f e renyi.hujcgi-bin fpost-mwp-ist

Ce2-1

Hiindulohls

Eiindulohlz fourier.dat
EiundulohIz fahm dat
Fiindulohlz fwhm tinp.dat
HinduloMgint.dat
Eindulohlz inthbr dat
Hiinduloh{z.col

Mg _as_tec

ZrGrl2

By 1y e
1] [s

MWP-fit: list of dragomir's samples

&




MWP output files:

The solutions:
a=—2_42784
b=3 . 18557
c=8.52a%21
d=291.947
e=0_.80219218

m=exXp{b)=24 1811
sigma=c/sqrt{2)=0_421804
D=41 _B27A197228895nm
d=33 .8848nm

LB=25%.15%11nm

q=a=-2_42784

rho=2/(Pi*{B8.382545nm=d)*=x2)=5_108396e—05(1/nm) "2

HE“*=ERP(—1IH}I(2*E}=1?-?ﬁEEnm
M~ %=({Re " #)xcqrt{rho)=0_.126904

After 17 iterations the fit converged.

final sum of squares of residuals
rel. change during last iteration
Final set of parameters

= —=2.42784
= 3.18557
= B.594521
= 291.947

T 1.24613
- a

Asymptotic Standard Evrror

For more information about correlation
please read the file gatech/Ced2/51/comp.fourier.sol.

*x3% END OF FITTIHG »xx

a.2039 (12 _.52%)
a.8a9763 (B_3865%)
A.00484 (B_8114%)
f.676 (2.6293%)

matrix and confidence interwvals,



MWP output files:

Amplitude

1.2

0.8
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0.4

0.2

|
measured data = ———-

flx}
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220§ 2N
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400 f 231 420

422
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s00

200

400 800
Frequency [nm]

goo

1000




MWP output files:

...[comp.fourier.th.dat & .../comp.fourier.m.dat

N

Titanium

010 002 011 102 110 103 200 021 004 121

1.0 2
0]
AlL)

0.5-
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/\,-«,J\ A\ Aan—a A N s N\ AA AA

A>T 4

AL=100 nm
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MWP References:

e Ungar, T., Gubicza, J., Ribarik, G. and Borbély, A.: Crystallite size-distribution
and dislocation structure determined by diffraction profile analysis: principles and
practical application to cubic and hexagonal crystals, J. Appl. Cryst. 34, 298-310,
2001

e Ribarik, G., Ungar, T. and Gubicza, J.. MWP-fit: a program for Multiple Whole
Profile fitting of diffraction peak profiles by ab-initio theoretical functions, J. Appl.
Cryst. 34, 669-676, 2001




CMWP - fit:

N
\J

In order to avoid the uncertainties and the errors introduced by
correction procedures in CMWP the measured pattern 1s

directly fitted by the background plus the theoretical function of
the pattern convoluted with the instrumental effect.

Ifhfﬂ-r'ft.fmi B(' _I_ Z P?Hﬂ Ih ! '[29 — QGSH :'
hkl

iJrh.E.,.f - ir:f?;lﬁbqﬁ " ir;’zﬁlf " iJrhr_.l.:.f.

(I(meas) - [(1))2 = min. Nonlinear least squares method




CMWP - fit:

N

Address @ http: /fwww.renyi.hufomwp/ w

Go Links

@s:;arnll v| Google = Yahoo! = Ask Jesves LlookSmat Fles ~ 30 Customize @WBLMDH P

Convolutional Multiple Whole Profile fitting Main Page

CAIWP-fit is a program for evaluating diffraction profiles using the method of Convolutional Multiple Whole Profile fitting. If vou want to know more about the method and the program,
click here. A detailed help is available in the documentation paze.

It is freely available for non-commercial, scientific purposes for users who accepted the TEEMS AND CONDITIONS of usage. You can ask for a username and password in the TEEMS
AND CONDITIONS page.

Users can acces the program via this page:
vou can upload vour patterns,

upload vour instrumental profile files,

view the list of vour samples,

or start the evaluation program.

You can also view the results of previous mmns.
There is also a documentation page.

This procedure is similar to the method of Multiple Whaole Profile fitting, however the CAIWE method is more sophisticated, so you should use the CAWE method when possible.

MEDAT is a program for prepaning X-ray diffraction data. The outputs of MEDAT can be used as the peak fadaxing fils, as the background spling's base points fils as well as the
mstrumental profile files for the CAOWP program. Follow this link to download it.




CMWP - fit — input files format:

1) measurement file -This is a two-column ASCII file. The first column should contain Two
Theta and the second column contains the intensity values.

p
N . : :
2) index file 3) background file  4) instrumental profiles f
%k
20.00394  0.203045
28.5943 537197 111
28.5943 118 -0.0035  0.26193
33.1285 142545 200 33.1285 106 0.00306 . 0.3300%9
47.5281 270836 220 47.5281 95 20.00262  0.411947
86:3854 2023135+ 311 gg?gg;‘ gj 20.00219  0.515034
59.1299  381.12 222 ' -0.00175  0.643361
coai3a | 40703 doo 69.4534 91 -0.00131  0.757919
‘ ' 76.7388 89 -0.00087  0.879088
76.7388  703.47 331 79.1124 88 0.00044 | 0978278
79.1124  432.52 420 88.4608 88 0 1
88.4608 57785 422 ?3-74351 gg 0.00044  0.96513
054312  463.26 511 ] 0.00088  0.867677
107.2531  117.04 440 P ass 0.00131 ~ 0.730476
‘ ' 117.3341 100 0.00175  0.583633
117.3341  250.49 600 0.00263 0.313898
0.00306  0.219254
0.0035 0.148984
0.00394  0.0989103




CMWP - fit - upload:

Address

@hl https/fwvew . renyi.hufcmwp/program/cmwp-upload. himl b

Go | Links

@Jsearnh v| Google + Yshoo! = Ask Jeeves LlookSmat Files - %Custnmize .ﬁl‘vh'Buttun __ﬁ

*

CMWP-fit Upload Page

Here vou can transfer the powder pattern file, the indexing file and the background spline's base points file corresponding to vour sample from yvour computer to vour main directory with
this simple tool. Specify the name of vour sample (the basename of the files), click on the Browse... buttons to select the powder pattern file, the indexing file and the spline base points
file and then click Upload Files.

Ce02-51 |

Hame of the sample:

Fowder pattern :'ile:|C:anrk1denver‘QDDEHIW'.fPRsampIET.:-d[ Browse... |
Indexing :'115:|C:Rw0rk‘;denver‘.EEIIZIEHIW'.fPHindex.t-:t |[ Browse... |
Spline basze points file:|Clworkidenver2005MWPbgtt  |[ Browse.. |

Upload Files H Clear ]

Click here to start the evaluation procedure.



CMWP - fit:

-

Address |@ http: f fwwwe.renyi, hufomwp fprogramfanwp-nst-upload. himl "| Go | Links
@sgnrcn - | Google ~ Yahoo! v AskJesves LookSmat Files - 2% Customize ﬁ My Button _ 27

¥

CMWP-fit Instrumental Profile Upload Page

Here vou can transfer the previously prepared instrumental profiles from your computer to vour main directory with this simple tool. Note that these files should be two-column ASCII
files, the first column should contain E-E0 and the second contains the intensity values, where K=2%sin{Theta) lambda and K0 is the K value at the center of the peak. Specify the name
of vour instrumental sample (the name of the directory in which the instrumental profiles will be uploaded), specify the TwoTheta values in degrees, click on Browse... to select the files
and then click Upload Instrumental Profiles.

Name of the instrumental 3E_'Lple:|1'5\|PhEl-|"-ElBB |

TwoTheta:|30.385 :':i_lena:ce:|CZ‘-,WOTK‘-,dE!nVE!I'EDDE‘;MV'.‘P‘LCE!O.?U-IU.“ Erowse...
TwcTheta:|37.44 :‘113:15_15;|C:‘;worl-c‘;denver‘.EDDE‘;I\,W'IP\CeOE‘L'I'I'I.|[ Browse. .
TwoTheta:[4351 | £11enane:[Ciworkidenver2005\MWP\Ce021200] [ Browse...
TwoTheta:|48.957 filen:_-ae:|C:\w0rk‘;denverEDDE‘;I\,W-.fPRCEOHQ‘ID.|[ Erowse...
TwocThetz: /0399 :‘113:15_15;|C:‘;worl-c‘;denver‘.EDDE‘;I\,W'IP\CeOE‘Q'I'I.|[ Browse. .
TwoTheta: £11 ename:|Clworkidenven2005\MWP\Ce02\220] [ Browse...
TwoTheta:|67.55 :':i_lena:ce:|CZ\WOTK‘;dE!nVEEFEDDE‘;MV'.‘P\CE!O.?BDUJ[ Erowse...
TwcTheta:| /1745 :‘113:15_15;|C:‘;worl-c‘;denver‘.EDDE‘;I\,W'IP\CeOEB'ID.|[ Browse. .
TwoTheta:| 7584 | £1lenane:[Ciworkidenver2005\MWP\Ce021311) [ Browse...
TwoTheta:|79.87 :':i_lena:ce:|CZ\WOTK‘;dE!nVEEFEDDE‘;MV'.‘P\C90212221[ Erowse...
TwocThets:|03.85 :‘113:15_15;|C:‘;worl-c‘;denver‘.EDDE‘;I'\,W'IP\CeOE‘L3ED.|[ Browse. .
TwoTheta: £11ename:|Clworkidenven2005\MWP\Ce02\321] [ Browse...
TwoTheta:|95.67 :':i_lena:ce:|CZ\WOTK‘;dE!nVEEFEDDE‘;MV'.‘P\CE!O.?HDUJ[ Erowse...
TwocThetz:|99.64 :‘113:15_15;|C:‘;worl-c‘;denver‘.EDDE‘;I\,W'IP\CeOEH'ID.|[ Browse. .
TwoThesa: 103.86| £ilename:|Clworkidenver2005MWP\Ce 021330/ [ Browse..
TwoTheta:|107.75 :':i_lena:ce:|CZ‘-,WOTK‘-,dE!nVE!I'EDDE‘;MV'.‘P‘LCE!OEBS-I.|[ Erowse...

TwcThetz:|1171.93 :‘113:15_15;|C:‘;worl-c‘;denver‘.EDDE‘;I\,W'IP\CeOEHED.|[ Browse. .

B2

I£3

@ Done 0 Internet




CMWP - fit — crystal system:

‘2 Convolutional Multiple Whole Profile fitting - Microsoft Internet Explorer

File Edit View Favorites Tools Help -;f
QO HRAG P ferom @25 5-LWE S
Address|@ httpe: frvvewe. remyi, hu famwp forogram /cmp-run. himl V| Go Links *
(JhSearch - | Google v Yahoo! v AskJseves LookSmat Fies - 3 Customize My Buton 4
Evaluation of diffraction patterns using the method
of
Convolutional Multiple Whole Profile fitting |
Files
Please enter the name of the sample: | 5202 |
Selection of the crystal system
The crystal system is:
cubic (default) @
hesagonal O
Input parameters
@Done :

0 Internet




CMWP - fit — input parameters:

2 Convolutional Multiple Whole Profile fitting - Microsoft Internet Explorer
File Edit View Favorites Tools Help

eBack < \_) \ﬂ @ ;j /':__\J Search “;?:i(Favorites @ [“::<v :_\_; |£] @ _J @J ﬁ ﬁ

Address |@ http: /fwww.renyi.hufemwp jorogramfemwp-run. himl v | Go Links
@s:aareh - | Google + Yahoo! - AskJeeves LookSmart Files - %Customize .E? My Button 47

cubic [default] =7 v
hexagonal O 0

Input parameters

Please enter the value of the lattice constant "a'' (in nm): 0.593

Please enter the value of the lattice constant "¢ (in am):| 1.0
Please enter the value of the absolute value of the Burgers vector (in nm):

Please enter the average contrast factor of the hi0 {or hk0) reflections:

Please enter the wavelenzth (in nm): L4

Please note that setting of the lattice parameter "c" has effect only if the crystal system is hexagonal.

Instrumental profiles

Set this if wvou have instrumental profiles: O

If vou have instumental profiles, please enter the name of the of the instrumental profile directory: | example-galena-inst-dir|

The interval used for fitting and plotting

The interval used for fitting and plotting is: [minx maxx]

€] Done P Internet

|€




CMWP - fit - fitting interval:

2 Convolutional Multiple Whole Profile fitting - Microsoft Internet Explorer

File Edit View Favorites Tools Help
@Back - \_/J @ @ \-_;j ;] Search “E;'\';‘Favorites @ E:rjg' :‘\; 3 - _J @!5 ﬂ '3

Address |@ http: /fwwwe . renyi.hufcmwp fprogramycmwp-run . himl
Google ~ Yahoo! + AskJeeves LookSmart Files - %Customize &(MyBuﬂon J

v| Go | links

Search - |

>

If vou have instumental profiles, please enter the name of the of the instrumental profile directory: |J'5l|[-7|hE|-| -LaB6 |

The interval used for fitting and plotting

The interval used for fittinz and plotting is: [minz manx]

Please specify the value of minx {in degrees):
Please specify the value of mawx (in degrees):

Please note that if vou don't fill these fields, all the data in the measured powder pattern file will be used.

Selection of the size function

The program will use the spheric size function {default) ®
The program will use the ellipsoidal size function O
The program will disable the size effect O




CMWP - fit — settings/initial values:

Sampling of the simulated powder pattern data

Please specify M1:| 1024
Please specify M2:| 1024
Please specify the profile cutting parameter {in Two theta degrees):

Initial values of the parameters

Please enter the initial value of the parameter "a" {or "al"): fie: [
Please enter the initial value of the parameter "a2": fi: [

Please enter the initial value of the parameter "b" fix: [

Please enter the initial value of the parameter "c':

Please enter the initial value of the parameter "d": fioe: [

Please enter the initial value of the parameter "e"; | 0.05 fiee: [
Pleasze enter the initial value of the parameter "epsilon'™ I:I fix: [
fix d*e: []

Please note that setting of the parameter "a2" has effect only if the crvstal system is hexagonal and setting of the parameter "epsilon” has effect only if the size function is
ellinsoidal.

@ Dane & Internet




CMWP - fit — refinement/fit control:

Peak parameter refinement and weighting

Set this if vou want to fit the peak positions and peak intensities: [_]

Set this if vou want to use weights in the fitting algorithm: [l

Fit control

Please specify the limit for stopping:
Please specify the maximal nmunber of iterations: 1000

After filling in the relevant fields in this form, please press/click this button: Startfiing | ¢4 begin the evaluation procedure. Click the button to reset the values.

-

=L



CMWP - fit —fitting.........

N

Address

@ http: /v renyi. hufcgi-bin/post-crmwp ?SAMPLEMAME =Ce02-5 1BHEXAGOMAL_CRYSTAL=n&a=0,541&lc=08bb=0, 328C0=0, 3&wavelength=0. 154&have_ir

Convolutional Multiple Whole Profile fitting

Connecting the server for evaluation ...
The evaluation is started.
Please wait until this page loads to get the results.

Mote that the results will be stored in hittp:wwrw renvi.hu covep results ‘dragomir CeQ2-51-2005-08-02-07-03-53,




Address @ http: ffwvewe . renyi. hufcgi-bin fpost-crmwp ?SAMPLENAME =Ce02-5 1BHEXAGOMAL_CRYSTAL=n&a=0.541&8lc=0&bb=0.328C0=0. 3&wavelength=0. 154&have_inst_profi ¥

Convolutional Multiple Whole Profile fitting

Connecting the server for evaluation ...
The evaluation is started
Please wait until this page loads to zet the results.

Mote that the results will be stored in hitp:waow renvi hu covsep re sults ‘dragomir CeQ2-51-20053-08-02-07-03-33.

The fitting iz done, evaluate's output follows:

This is CMWP-fit, a program for evaluation of diffraction patterns
using the method of Convolutional Multiple Whole Profile fitting.

-~

Copyright (C) Gé&bor Ribarik, 1993-2004. Rll rights reserwved.
For permission to use, copy, modify this program or any of its components,
g3k the suthors. Bedistributing this scftware is not allowed.

gte: 2005-08-02 0O7:04:00
Data file: dragomir/CelZ-51/Cel2-5l.dat

The wvalue of the lattice constant (in mm): 0.541

The asbsclute walue of the Burgers wvector (in nm): 0.32

The sverage contrast factor of the h00 reflections: 0.3

The wavelength is: 0.154 nm.

The definition of the S5ize Function:

3f_spheric(k,b,c)=Int (0.5*x*erfc({log(x)-b)/c)* (sin(Pi*k*x)/ (Pi*k))**2,x=0..InT}

Found peak at 28.5943, intensity: 3371.87.
hkl=111

H2=0.333333

g~2=10.2501

L




Address @ http: v renyi, hufogi-bing/post-cmwp ?SAMPLENAME =Ce02-5 18HEXAGOMAL _CRYSTAL =n&la=0.541&lc=08bb=0, 32&C0=0, 38waw

**: FII PR 53
Calculating a,b,c,d,e to £it the measured powder diffrection pattern
With the corresponding thecretical function.

The initiel walues of the parameters:
CO=0.3

m oo o

| ] |

[ R PR
=]

m=exp (b)=23.,85&8
sigme=c/sgrt{2)=0.422044
D=gnuplot>nm
d=33.3751mm
LO=24.58264nm

g=a=0.288428

rho=2/ (Pi* (0.32nm*d) **2)=0.0323727 (1/nm) ~2
Re~*=exp(-1/4)/(2*e)=0.0208194nm
M~#=(Re~*) *sgrt (rho)=0.00374591

BRfter 334 iteraticns the it converged.

final sum of squares of residusls : 5.846822e+08

rel. change during last iteration : -9.939023e-10

Final set of parameters Asymptotic Standard Error

= 0.288428 +/- 0.1331 (46.15%)
|

r |Eadg




Address @ http: /v renyi. hufcgi-bin fpost-crmwp ?SAMPLEMAME =Ce02-5 1BHEXAGOMAL_CRYSTAL=n&la=0.541&8lc=08bb=0. 32&C0=0, 38&wavelength=0.:

The scluticons
g=0.288428
b=3.17207
c=0.5%88¢&
d=13.858

=)

m=eXp(b)=23.8
gigma=c/3qrt(
D=gnuplot>nm
d=33.3751nm
LO=24.8264nm
g=a=0.288428
rho=2/ (Bi* {0.32nm*d) **2)=0.0323727{1/nm}) ~2
Be~*=axp(-1/4)/ (2*e)=0.02058194nm
M~*=(Re~*) *3grt (rho)=0.00374591

After 334 iterations the f£it converged.

final sum of squares of residuals 5.84622e+04&

rel. change during last iteration : -9.99023e-10

Final set of parameters Aaymptotic Standerd Error

& = 0,2858428 +/- 0.1331 (46.15%)

b = 3.17207 +/- 0.004389 {0.1384%)

o = 0,596E88 +/- 0.0019&3 {0.3288%)

d = 13.858 +/- 48,28 {348.3%)

= = 18.7037 +/- 130.5% {£97.9%)

For more information about correlation matrix and confidence intervals,

please read the file dragomir/Cel2-51/Cel2-51.int.scl.

*%% END OF FITTIING #***




CMWP procedure - output:

dragomin/GCa02/Ce02
E000 : | | |
measured dalg = ——————-
Fiac) R
EODO _
111

A000 _
=
E 3000 - )
£

220
2000 _
211
200
1000 _
231
422 531
420 511
0 Y

@ = = 80 100 120

Twotheta



CMWP References:

N

L

G. Ribarik, J. Gubicza, T. Ungar: Correlation between strength and
microstructure of ball milled Al-Mg alloys determined by X-ray diffraction,
Mater. Sci. Eng. A 387-389 (2004) 343-347.




N

Common features:

» Both procedures uses the whole X-ray diffraction pattern.

 The diffraction profiles are fitted by well established size and strain

physical profile functions.

Differences:

 MWP fits all at once the Fourier transforms or the inverse Fourier
transforms of the measured profiles after they were corrected for instrumental effect
and background.

« CMWP fits the whole pattern with the convolution of the physical profiles
and the instrumental effect plus the background.




Microstructural parameters obtained from
MWP and CMWP procedures:

A
Y

L

Cubic crystal systems:

m, c: —> size profile

q: > strain anisotropy

oM - strain profile

Hexagonal crystal systems:

m, ¢ —> size profile
q, and g, — strain anisotropy
oM > strain profile




Theoretical individual and average contrast factor of dislocations

Or can be calculated using ANIZC software at http://metal.elte.hu/anizc/

A
Y

- Address |@ http://metal.elte.hu/anizc/ "l Go | Links *
CJ“JSEarch v| Google = Yahoo! * AskJeeves LookSmart Files - %Customize SM)'Buﬂon 2

ANIZC

Computer program for the calculation of dislocation orientation factors in anisotropic
cubic, hexagonal and trigonal crystals

(please send any comments or remarks to Andras Borbely at: borbely@ludens elte hu)

Please select the crystal svstem: Cubic, Hexazonal, or et Help.

You can find here some Screen shots.

AnizC program was developed by Dr. Andras Borbely (Department of General
Physics at Eotvos Science University in Budapest, Hungary).

Reference: Borbély A., Dragomir-Cernatescu 1., Ribarik G. and Ungar T.: “Computer program ANIZC
for the calculation of diffraction contrast factors of dislocations in elastically anisotropic cubic, hexagonal
and trigonal crystals”, in J. Appl. Cryst., 36, 160-162, (2003)




Theoretical individual and average contrast factor of dislocations

AnizC for cubic crystals

A
Y

L

Address |@ http: /fmetal.elte.hufanizc/program-cubic. html

I:J"‘JSenrl:II vl Google = Yahoo! - Ask Jeeves LookSmart Files - %Cus’mmize ﬁrﬂyBuﬂon J—;-' ght

Cubic lattices

Inputs: cQCus O

C1 i Cus
or or or
511*: Sus: S;‘H*:
| [ |

#
The program computes :

O the individual contrast factor for a single dislocation:

or the average contrast factor for:
O edge <110>{111} type dislocations
O edge <111>{110} type dislocations
O edze <1113{211} type dislocations
O screw 110> tvpe dislocations

O screw <111> type dislocations

@ Done




Theoretical individual and average contrast factor of dislocations

AnizC for hexagonal crystals

N

L

Address |@ http: ffmetal. elte. hu/anizc/program-hexagonal . himl

@Searnh vl Google ~ Yahoo! ~ AskJesves lookSmart Fles - 30ECustomize ﬁfﬂyBuﬂon .

The Program Anizc

Inputg:{: QO ous O

C11 Cya Caq
or or or

| |
C13 Cs3
or or
S13°: S33 - ca
| | |
g
[ ]

®
The program computes :

O the individual contrast factor for a single dislocation:
b n: I:

ot the average contrast factor for:

2 edge <-12-10={10-10} type dislocations
o edge <-12-10={10-11} type dislocations
O edge <2110>{0001} type dislocations
2 edge <-21137{D1-10} type dislocations

@ Done




Applications:

Crystallite size distribution and Dislocation density and type in nano-

Cu as a function of deformation

/]
0.05
97% reduction
0.04- /
84% reduction
0.03 -
74% reduction
_5 0.02 -
5 67% reduction
Q
% 0.014 /
a)
(0D
& 0.004 | . . .
0 50 100 150 200

crystallite size [nm]

=

o

o
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(o]
o
1
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Dislocations Character [%]

edge

p [x 10° m?]

rolling reduction [%]



Applications:

Burgers vector types in Titanium deformed by rolling at 500° F

N
<q> <c> <cta>
= 801 O atype
% | A ¢ type
m S O ctatype
‘T 60
<2-1-10> {0001} ‘_:‘i
o
@]
o
S
2 *g 40-
b >
= o
@ S
| - >
o <-2110> {0110} <0001> {01 -10} <-2113> {01 -10} m 20+
T T T T T T T T T T
30 40 50 60 70 80
rolling reduction [%0]

<-2113> {10-11}
<-12-10>{10-11}

Pyramidal

<-21183> {11-21} <-2113>{2-1-12}



Applications:

Burgers vector types in Titanium deformed by rolling at 500° F

f

Y

L

Normalized Intensity

<2-1-10> {0001}

I o © I Loy
N SN (o)} 0] o
T RN Y oo

o
o
| L

] @1-20) reflection

| 60% deformation

40% deformation

80% deformation

-0.08

-0.04

O.IOO
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0.08

Normalized Intensity

o =
(o] o
P S S

o
o

(0002) reflection of a-Ti

80% deformation
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0.00
d* [1/nm]

0.04

0.08
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Summary

MWP or CMWP procedure enables the determination of the
sample microstructure form the X-ray diffraction pattern in terms

of:

1) crystallite size distribution
2) dislocation density

3) dislocations type

4) dislocations arrangement.
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