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BGMN: Rietveld Refinement Kernel

E doebelinn@turbo-calc-sys: ~/Documents/Examples

File Edit View Search Terminal Help
' doebelinn@turbo-calc-sys:~/Documents/Examples$ I




Profex: Graphical User Interface for BGMN

0IIIIIIIII|IIIIIIIII

Profex5.:2.7 EEE
File Edit View Project Run Results Instrument Tools Locakions Window Help
: /7 — Bl O
EOBLMMLBE DIPRILIT A £ = > OOk Q
EDIEEE . e® scan.xy | scansav scan.lst
MName “ Status Iteration x*
3 scan.xy Data 1 scan.xy
[TTTTTTTTT | TTTT IIIII|I IIIIIIII|IIIIIIII I|IIIII TT II|II TTTTTTT |I TT IIIIII| TTTTTTTTT]
E scan.xy Data 1 ]
1500 — % —
- C ]
a C ]
= L J
: g i .
Plot Options (=] E 1000 — ]
Scan E F 9
v scan.xy Data 1 I C ]
(= [ -
500 [ .

15.00

25.00 30.00 35.00

Diffraction Angle [°28]

20.00

Refinement Protocol

Output of BGMN refinement kernel

@ ® JRefined Parameters
Parameter
» Statistics
~ Global GOALs
QbetaTCP
QHAR
~ Local GOALs
~ betaTCP
Refined Composition

/home/doebelinn/Documents/Examples/scan.xy

1 Project

= 0.00000 A

26 = 22.397° I= 1491.265cts

d= 3.966 A

Value

0.4789
0.5211

CAG3 P42 0168

ESD

0.0023
0.0023

Line: 1, Column: 1
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BGMN Rietveld Refinement Kernel

Control file
Read by BGMN

Input files

Referenced in the control file

Output files
generated by BGMN

2%

Instrument Refined
Configuration File Parameters
(*.geq) (*.Ist)
Refinement :
Wavelength Control File Refined
Distribution < (*.sav) Pattern
(*.lam) (*.dia)
Diffraction Peak
Pattern Parameters
(*.xy) (*.par)
Structure
Models 1...n
(*.str)

RMSh
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BGMN Input and Output Files

Refinement control file * sav Project configuration

Instrument configuration file *.geq Peak profile: Instrument contribution
Wavelength distribution *.lam Peak profile: Wavelength contribution
Diffraction pattern * Xy Measured diffraction data

Structure models * str Unit cell, atomic positions etc.

Refined parameters * st Refinement results
Refined pattern *.dia lobs, Icalc, background etc. for graphical representation
Peak parameters * par Position, intensity, width of refined peaks

RMSh
o >



Profex Repositories

| = | Devices

100 Elemente

«~ v |« Profex-5.2.7-64bit > Devices v O

Profex repositories
Collections of device and structure files

Freigeben Ansicht

Devices durchsuchen

Anderungsdatum
| rigaku-ultima.ger 20.02.2024 08:22
[ rigaku-ultima.sav 20.02.2024 08:22
[ rigaku-ultima.tpl 20.02.2024 08:22
[] RMS-D2-ADS-15-Glass-LynxEyeXE.geq 20.02.2024 08:22
[] RMS-D2-ADS-15-Glass-LynxEyeXE.ger 20.02.2024 08:22
[ RMS-D2-ADS-15-Glass-LynxEyeXE sav 20.02.2024 08:22
[] RMS-D2-ADS-15-Glass-LynxEyeXE.tpl 20.02.2024 08:22
[ ] RMS-D2-ADS-15-Glass-LynxEyeXE-bkgray  20.02.2004 08:22
| =
[ ] = | Minerals
| | Start Freigeben Ansicht
o “ 4 || « Structures > Minerals v|@ | Minerals durchsuchen
‘ *  Name . Anderungsdatum
i [ Akermanite.str 20.02.2024 08:22
[ Atbitestr 20.02.2024 08:22
[ Anatase.str 20.02.2024 08:22
i [ Anhydrite.str 20.02.2024 08:22
[ Aragonitestr 20.02.2024 08:22
281 Eh [ Arcanitestr 20.02.2024 08:22
'- [ Ardealite.str 20.02.2024 08:22
= | Bassanite.str 20.02.2024 08:22
[ Biotite1M.str 20.02.2024 08:22
[ Brownmillerite.str 20.02.2024 08:22
(& calcitestr 20.02.2024 08:22
- [& chamosite.str 20.02.2024 08:22
| [Zf Chromatite.str 20.02.2024 08:22
[& Clinoatacamite.str 20.02.2024 08:22
[&f ClinochlorelAstr 20.02.2024 08:22
= [ Corundum.str 20022024 08:22
[ cristobalite.str 20.02.2024 08:22
L [& CronstedtiteH.str 20.02.2024 08:22
oo, [ csa-asTM-F-2224-200962020-refustr 20.02.2024 08:22

Typ

vae
GER-Datei
SAV-Datei
TPL-Datei
GEQ-Datei
GER-Datei
SAV-Datei
TPL-Datei
XY-Datei

Typ

STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei
STR-Datei

1KB
2KB
1KB
1KB
1KB
1KB
2KB
2KB
1KB
1KB
1KB
2KB
1KB
1KB
IKB
1KB
1KB
2KB
1KB

11 Elemente

| optimized

[ 240022-01.6rmi

[] 240222-01.raw

[ 240222-01.5av

g Apatite-OH.str

g Calcite.str

D RMS-D2-ADS-15-LynxEyeXE.geq
D RMS-D2-ADS-15-LynxEyeXxE.ger
g RMS-D2-ADS-15-LynxEyeXE.sav
[7] RMS-D2-ADS-15-LynxEyeXE.tpl
D RMS-D2-ADS-15-LynxEyeXE-bkgrxy

Anderungsdatum

26.02.2024 08:51
22.02.202411:34
22.02.202411:34
26.02.2024 10:51
26.02.2024 09:13
26.02.2024 09:13
20.02.2024 08:22
26.02.2024 09:13
26.02.2024 09:13
26.02.2024 09:13
26.02.2024 09:13

Profex manages file templates

~ @ | Example 1 - Basic refinement durchsuchen

Typ

Dateiordner

DIFFRAC.SUITE Re...

RAW-Datei
SAV-Datei
STR-Datei
STR-Datei
GEQ-Datei
GER-Datei
SAV-Datei
TPL-Datei
XY-Datei

GroBe

259KB
26 KB
TKE
TKE
TKE
19KE
SKB
6KE
TKE
226 KB

RMS h
h 4



First Rietveld Refinement: Loading the Scan File

iew Project Run Results Instrument Tools Locations Windo
(=]ES)
Status ~ |teration

i3 Profex 3.2.7
File Edit Vi
E,
1
Plot Options

Refinement Protocol

i: Open Raw Data File

« « 4 <« Windows o Example1-

Basic refinement

2 vo

Organisieren = Meuer Ordner

] 4

- () Name
optimized
240222-01.brml
= =] 240222-01.raw
|
v o€

Anderungsdatum

36 Y3 IVIA 18 E
26.02.2024 08:5

22.02.2024 11:34

22.02,.202411:34

Example 1 - Basic refinement .. 2@

=y ™ @

X

Typ

Dateiordner
DIFFRAC.SUITE Re.

RAW-Datei

Dateiname: | 240222-01.brml

Allfiles (*.%)

£

3 ~

| Offnen |

Abbrechen

=]ES]

RMSh
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First Rietveld Refinement: Identifying Phases

= Profex 3.2.7 - O >
File Edit View Project Run Results |nstrument Tools Locations Window Hel 3 Add/Remove Phase
E E E D l.l__uL h B w I:j @ @ @ /_7' x »  (J | <Repo..| = | | <Reference Stru... |~ uly | |0.000000 |+
Projects B | 24p222-01.brmI
Narme Status ~ |teration
240222-01 524_0007: S240007_02 240222-01.brml
‘Im FTTTT | TTTTTTTTT TTTTTTTTT TTTTTTTTT | TTTTTTTTT I TTTTTTTTT TTTTTTTTT | TTTTTTTT I—'
L : —— 524 0007: 5240007 02
20 - 2 Double click 1. Double click 3
C : <« _ ; ]
C - Calci = Apatite-OH ]
w0 = = Calcite 7
£ L ]
3 8000 - —
Plot Options @& 'E B ]
" S 6000 - —
Scan Vertical Offset b= r ]
v 524 _00O7: S240007_02 0.00 - - B
4000 — .
2000 -
Po il 7]
0|||||||||||||||1—r||-|—r|-|—|| I
10.00 0.00 0.00 40,00 50,00 60.00 70.00 80.00
Diffraction Angle [*26]
Refinernent Protocol @ Refined Parameters [=]Es)
Parameter Value ESD
- Statistics
Rwp
Rexp
X
GoF
Background Coefficients
Global GOALs
Local GOALs
GAAuftr_Proj\S-Auftraege\2024,524_0007 XRD-Workhop FZ Jalich\E |1 Project | h = 1.54060 A 28= 38.975° | = 8943.797 cts d= 2.309A RMS k

) 4




First Rietveld Refinement: Creating Refinement Project

:* Add / Remove Phases it
ﬂﬁen erate default control file for instrument configuration: RMS-D8-ADS-13- L}ran}reXEl & |
Add Phases — RemowvePhases
Filter: &b |-
File Mame ~ Phase =
Ca3Al206.str CalciumAluminumOxide
Ca3Cu3P4016.str CalciumCopperPhosphate
CadPe019-troemelite.str CadP6018-troemelite
CalCrP7028.str CalciumChromiumPhosphate
Ca%FeP7028.str CalciumnlrenPhosphate
Cahl204.str Cahl204
CaAl407 str CaAl407
CaCl2.str CaCl2
CaCr204-alpha.str alphaCaCr204
CaCr204-beta.str betaCaCr204
—Lahndecasn-pulfate rie s e
V| Calcitestr Calcite
‘ itrateHydroxideHydrate
CaM206.str Ca-Mitrate
CaP206-alpha.str CaP206-alpha
CaP206-beta.str CaP206-beta
CaP4011.str CaP4011
CaS.str Cas
CaSi03H20.str Ca%i03H20
CaSrApatite-refined.str CaSrhpatite ke
Chverwrite existing files F| =

0K

Cancel

1. Generate refinement control file for
the instrument used to measure the dataset.

Here: ,RMS-D8-ADS-15-LynxEyeXE“

2. Select the phases ,Calcite.str”
and ,Apatite-OH.str”.

(Use filters to find the phases.)

3. Click OK

RMSh
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First Rietveld Refinement: Refinement Control File (*.sav)

File

= Profex 53.2.7

Edit View Project Run

Results  Instrument Tools  Locations Window Help

Projects [£3]

Narme Status ~ |teration

» 240222-01

Plot Options [=ES)
Scan Vertical Offset

v 524_0007: 5240007_02 0.00

240222-01.brml | 240222-01.5av* [

1
2
3
4
3
i}
=
a

EEEBDL LB DIV IT A L» &» O |k

% Samplell: 524_0007: 5240007_02
% Theoretical instrurmental function
VERZERR=RM3-D8-ADS-15-LynxEyeXE.geq
% Wavelength

LAMBDA=CU

% Phases

STRUC[1]=Apatite-OH.str
STRUC[2]=Calcite.str

% Measured background
UNT=RMS-D&-ADS-15-LynxEyeXE-bkgraxy
RU=10

% Measured data
VAL[1]=240222-01xy

% Minimum Angle (2theta)
WMIN=10

% Maximum Angle (2theta)

% WMAKX=60

% Result list output
LIST=240222-01.Ist

% Peak list output
OUTPUT=240222-01.par

% Diagram ocutput
DIAGRAMM=240222-01.dia

% Global parameters for zero point and sample displacement
EP51=0
PARAM[1]=EP52=0_-0.01~0.01
EP33=0

alpha3ratio=0.020

betaratio=0.003

MNTHREADS=8

PROTOKOLL=Y

SAVE=N

sum=Hydroxyapatite+ Calcite
QHydroxyapatite= Hydroxyapatite/sum
QCalcite=Calcite/sum

GAAuftr_Proj\S-Auftraege\2024,524_0007 XRD-Workhop FZ Jalich\E |1 Project | h = 1.54060 A 28 = 0.000° =

0.000 cts

<Reference Stru.. |~

d= 0.000 A

0.000000
il (IRELEERY

Line: 1, Column: 1

RMSh
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First Rietveld Refinement: Run Refinement

= Profex 3.2.7 h f - O x
File Edit View Project Run Results |nstrument Tools Locations Window Help Run t ere Inement
b
BEEEBLDL LB DIPTSR IT A = % > 03¢k Q
Projects O | 240022-01brml | 240222-01.50v x|
Narne Status ~ |teration
» 240222-01 Running... 2 344 524 _0007: 5240007_02 240222-01.dia
BT330I = JNLINLINL I L L L I L L L I L L L B L IO B ==
12000 :_ — | observed _:
E — lcalculated =
- — | difference —
10000 — Background =
F — Hydroxyapatite |
T %000 —— Calcite =
= = -
3 = -
S 6000 [ -
Plot Options =] E F 4
2 a0 .
Scan Vertical Offset 42 C .
v | ahserved 0.00 - 2000 7
v | calculated 0.00 C !I JLJ\’L th 7
V| | difference -2715.23 0 . L =
v Background 0.00
v Hydroxyapatite 0.00
v Calcite 0.00 x 1l I A 4 gt
Y i oy ¥ u e L
|||||||||||||||||T1|\|||||||||||||||||||||||||||||||||||||||||||||||||||
1500 2000 2500 3000 3500 4000 4500 5000 55.00 60.00 6500 TF0.00 75.00  80.00
Diffraction Angle [*26]
Refinement Protocol [&® Refined Parameters (=ES]
0 2.340331E+06 * Parameter Value ESD
1 4.856B80E+05 3.396E+06 1.000E-01  1.000 ~ Statistics
2 15853226405 5.482E+05 2.000E-02  1.000 Rwp 915
3 5.899777E+04 1.736E+05 3.762E-02  1.000 Rexp 403
4 3.760179E+04 3.286E+04 2.725E-02  1.000 v 3.44
5 3.218936E+04 6.891E+03 2.357E-02  1.000 GoF 1.85
6 2.468206E+04 0.362E+03 4.884E-03  1.000 Background Coefficients
7 2.042521E+04 6.670E+03 9.76BE-04  1.000 Global GOALs
8 1050870E+04 1.405E+03 1.954E-04  1.000 Local GOALs
‘ : RMSh
ChUsers\doebelinn\AppData\Local\Tem p\240222-01.dia 1Project | | h= 154060 A 28 = 0.000° = 0.000cts d= 0.000 A

) 4




First Rietveld Refinement: Completed

= Profex 3.2.7 - O x
File Edit View Project Run Results |nstrument Tools Locations Window Help Refinement results
EOBLLLBY DYV HF A % [F 8y X
EiDjecis B | 2a022-01.0i0 | 240222-015a0 (3 | 2402220105t )
Narme Status ~ |teration |
b 240222- Completed 80 21 $24_0007: S240007_02 240222-01.dia
1CCD_IIIIII||||||||||||||||||||||||||II|IIII|IIII||||||||||||||||I||I|I
! ul I 11 I 11 [ LI | I (O I W MU T MUY R I
C | | | | | 11 11l U] —— | ohserved I A
12000 — |l calculated ]
C — | difference 7
10000 = . — Background -]
. Refined pattern —— Hydroxyapatite ]
E 8000 [~ — Calcite —
5 [ ]
8 - -
= 6000 - .
Plot Options [=ES) E - B
2 C ]
Scan Vertical Offset £ 4000 —
v | observed 0.00 - C ]
v | calculated 0.00 2000 -]
V| | difference -1687.48 H . | A { JJL ll -
v Background 0.00 0 = =
v Hydroxyapatite 0.00 l
v Calcite 0.00 — b e
b b b b My b P b b v b bvvrn bovnn bvv i
Calculated scans 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 700 80.00
Diffraction Angle [*26]
Refinement Protocol [&® Refined Parameters (=ES]
-5.8009289E-01 -6.4324769E-24 -5.2700215E+01 -7.3938483E-01 -1.0983171E+00 “ Parameter Value ESD 3
-6.4324769E-24 -2.3259503E-01 4.0196723E+02 3.9057810E+02 3.3947826E+02 v Statistics
2.6778441E+02 2.0572491E+02 1.7108619E+02 1.5028407E+02 1.4804167E+02 Rwp 764
e = i Summary of
1th pattern file named RMS5-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format GoF 1:55 reﬁnement results
1-rho=0.723% Background Coefficients 10
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format - Global GOALs
Refinement completed in 00:00:22,.583 hh:mmiss.ms - QHydraxyapatite 0.5037 0.0011
q 3 QCalcite 0.4963 0.0011 4 RMS I
Gh\Auftr_Proj\S-Auftraege\ 20244524 0007 XRD-Workhop FZ Jalich\E 1 Project | | A= 1.54100A 28 = 0.000° = 0.000cts d= 0.000 A

) 4




Refinement Control Files (*.sav)

% SampleID: S24_0007: S240007_02

% Theoretical instrumental function
VERZERR=RMS-D8-ADS-15-LynxEyeXE.geq
% Wavelength

LAMBDA=CU

% Phases

STRUC[1]=Apatite-OH.str
STRUC[2]=Calcite.str

% Measured background
UNT=RMS-D8-ADS-15-LynxEyeXE-bkgr.xy
RU=10

% Measured data
VAL[1]=240222-01.xy

% Minimum Angle (2theta)

WMIN=10

% Maximum Angle (2theta)

% WMAX=60

% Result list output
LIST=240222-01.1st

% Peak list output
OUTPUT=240222-01.par

% Diagram output
DIAGRAMM=240222-01.dia

% Global parameters for zero point and
% sample displacement

EPS1=0

PARAM[1]=EPS2=0_-0.0170.01

EPS3=0

alpha3ratio=0.020

betaratio=0.005

NTHREADS=8

PROTOKOLL=Y

SAVE=N

sum=Hydroxyapatite+Calcite
QHydroxyapatite=Hydroxyapatite/sum
QCalcite=Calcite/sum

GOAL[1]=QHydroxyapatite
GOAL[2]=QCalcite

% = comments (will be ignored by BGMN)
BLUE =variable name

Green = input/ output file name

Red = numerical value

Window - Context help displays a description of variables.

240222-01.dia 240222-01.sav [ 240222-01.4st [

% SamplelD: 524_0007: 5240007_02

% Thearetical instrumental function
VERZERR=RMS5-D8-ADS-15-LynxEyeXE.geq
% Wavelength

LAMBDA=CU

% Phases

STRUC[1]=Apatite-OH.str
STRUC[2]=Calcite.str

% Measured background
UNT=RMS5-D8-ADS-15-LynxEyeXE-blkgraxy
RU=10

% Measured data

VAL[1]=240222-01.xy

% Minimum Angle (2theta)

WMIN=10

% Maximum Angle (2theta)

%o WMAX=60

% Result list cutput

LIST=240222-01.Ist

% Peak list output
OUTPUT=240222-01.par

% Diagram output
DIAGRAMM=240222-01.dia

% Global parameters for zero point and sample displacement

Context Help E3]

STRUC[1]= defines the structure(s) as to be refined by BGMMN, Each
structure must be defined in a file with the extension *. str. For
more details, open a new structure in the editor and use help.




Refinement Control Files (*.sav)

% SampleID: S24 0007: S240007_02 . . . .
4 Theoretical instrumental fumetion // Reference to instrument configuration file
VERZERR=RMS-D8-ADS-15-LynxEyeXE.geq

% Wavelength . . . .
LAMBDA=CU <— Reference to wavelength distribution file

% Phases

STRUC[1]=Apatite-OH.str | Reference to structure files (must be numbered)
STRUC[2]=Calcite.str J

% Measured background

ggf:‘;Ms'DB'ADS'15'LY“"EyeXE'bkgr'"Y D Reference to measured background scan

% Measured data

VAL[1]=240222-01.xy €— Reference to measured diffraction pattern

;M?;f;’gum Angle (2theta) (Profex will convert all formats to xy format)

Maximum Angle (2theta)

WMAX=60

Result list output
LIST=240222-01.1st

% Peak list output
OUTPUT=240222-01.par

% Diagram output
DIAGRAMM=240222-01.dia

% Global parameters for zero point and
% sample displacement

EPS1=0

PARAM[1]=EPS2=0 -0.0140.01 [ % Refinement of sample height error
EPS3=0 _J

alpha3ratio=0.020

betaratio=0.005

NTHREADS=8

PROTOKOLL=Y

SAVE=N

o o°

oe

Various output file names

sum=Hydroxyapatite+Calcite

QHydroxyapatite=Hydroxyapatite/sum Calculation of phase quantities
QCalcite=Calcite/sum

GOAL[1]=QHydroxyapatite RMS k
GOAL[2]=QCalcite "




Refinement Control Files (*.sav)

Context menu (right mouse button) for many parameters:

240222-01.5av* [E)

240222-01.1st [

DO07: S240007 0

-+
UL SeaaUily Ue

% Theoretical instrumental function
VERZERR=RM5-D8-ADS5-15-LynxEyeXE.geq

0 ALV AE ) r.

W L

Redo Ctrl+¥

Cut
Copy
Paste
Delete

Select All Ctrl+A

Open file as text

Open file as graph

. displacen
Comment line -

TRTTRT - Rafinard Dararmatars

240222-01.dia | 240222-01.sav* B | 240222-01.0st [ 240222-01.dia | 240222-01.sav* [E] | 240222-01.1st [ 240222-01.dia

% SamplelD: 524_0007: 5240007_02 13 VAL[1]=240222-01.xy 1 % SamplelD: 524
% Theoretical instrumental function 14 % Minimum Angle (2theta) 2
VERZERR=RMS-DB-ADS-15-LynxEyeXE.geq 15 WMIN=10 3
% Wavelength 16 % Maximum Angle (2theta) 4 % Wavelength
LAMBDA=CU 17 % WMAX=60 5 LAMEDA=CU
o Phases 18 % Result list output & % Phases
STRUC[1]=Apatite-OH.str 18 ';'5T=349223'D1-'5t 7 STRUC[1]=Apatite-OH.str
STRUC[2]=Calcite.str 20 % Peak list output 8 STRUC[2]=Calcitestr
% Measured background 21 0UTPUT=24DZZZ—D1 -par 9 | % Measured background
UNT=RMS-D8-ADS-15-LynxEyeXE-blgray 22 % Diagram output _ 10 | UNT=RMS-
RU=10 23 = : 1 =10 et
% Measured data 24 | % Global parameters for zero goint and sample displacen 12 2% Measured
VAL[1]=240222-01 0y 25 | EPS1=0—" | 13 VAL[1]=2402
% Minimum Angle (2theta) 26 T PARAM]= 14 % Minimun
WMIN=1 27 EP53=0  Redo Ctrl+Y 15 WMIN=10

|
i) i EFAT = ig Z'Pha?"'. Cut 16 % Maximur
%WMAY  Redo Chrl+Y etarati - 17 % WMAX=6
% Result 30 WNTHREA Copy 18 % Result list
LisT=240  Cut =1 PROTOK 19 LIST=240222
%Peakliy  copy S AN = 20 % Peak list
QUTPUTE  — 33 Delete 21 QUTPUT=24
% Diagra  Paste 34 sum=H 22 % Diagram
DIAGRAM  poet 35 QHydro __Select Al cir-4 23 DIAGRAMM

EIELE -

% Global lisplace 6 QGalct] o fine parameter 24 %Global pa

Select All Ctrl+ A

ers Fix parameter rameters
Decrease value F5
S3E-01 -1.0083171 483E-07 -1.09831 Comment line
0E+02 3.3947326 Increase value F& T0E+02 3.39478 S —_—

J7E+02 1430416

Comment line

RMSh
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Refinement Control Files (*.sav)

% Global parameters for zero point and
% sample displacement
EPS1=0
PARAM[1]=EPS2=0 -0.0170.01
EPS3=0

24 % Global parameters for zero point and sample displacement

25 EPS1D

26 PARA|  Undo

27 EP33= Redo Ctrl+Y

28  alpha

29 betar Cut

3 NTHR

3 PrROT,

32 SAVES Paste

33

W surme Delete

e Select All Ctrl+A |

Ref ” F6 Parameters
83E-01 -1.098 ine parameter o
OE+02 3.2947 Fix parameter F5 ktice

ITE+02 1. Comment line Rwp

WEX D

How to refine parameters

Parameter fixed at 0 (not refined):

EPS1=0

Parameter refined:

PARAM[n]=EPS1=0

Parameter refined with limits:

PARAM[n]=EPS1=0 -0.0170.01
PARAM[n]= name=

initial value _lower limit

n = consecutive number

“upper limit

RMSh
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Structure Files (*.str)

Opening structure files

PHASE=Calcite // 04-008-0788
MineralName=Calcite //

240222-01.dia | 240222-01.sav* [E) 240222-01.lst

1 % SamplelD: 524_0007: 5240007 _02 _
2 % Theoretical instrumental function Formula_ca_(CO3) //
3 VERZERR=RMS-D2-ADS-15-lynxEyeXE.geq SpacegroupNo=167 HermannMauguin=R-32/c //
?', LAME[;E:HELh PARAM=A=0.4991 0.494170.5041 PARAM=C=1.7062_1.689141.7233 //
B o Phoces RP=4 k1=0 k2=0 PARAM=B1=0_ 070.01 GEWICHT=SPHAR4 //
7 . -OH.< GOAL=GrainSize(1,1,1) //
g ST?lIJC[E]=ﬁ : e GOAL:Calcite=GEWICHT*ifthenelse (ifdef (d) ,exp (my*d*3/4) ,1)
10 UNTERMED!  megs .. E=CA Wyckoff=b x=0.0000 y=0.0000 z=0.0000 TDS=0.00796938
11 RU=10 - E=C Wyckoff=a x=0.0000 y=0.0000 z=0.2500 TDS=0.00757986
E ;{;ﬂ:;j'—j;fl cut E=0 Wyckoff=e x=0.2573 y=0.0000 z=0.2500 TDS=0.01400168
14 % Minimum Lopy
15 WMIN=10 Paste
16 % Maximum Delete . .
17 % WMAX=60 // = comments (will be ignored by BGMN)
13 Lls'fri'f"“ select Al Ctri-A (trailing // are optional / used for historic reasons)
20 % Peaklist ov P BLUE = variable name
g OU[I':grmt Add STRUCOUT file Light blue = input/ output file name
23 DIAGRAMM=|  Add SimpleSTRUCOUT file Red = numerical value
24 % Global par Add RESOUT and FCFOUT file t GREEN = GOAL declaration
or Ctrl+T on STRUC[n] line Refined parameters in STR files are not numbered:

PARAM=name=value lowerLimit“upperLimit

RMSh
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Structure Files (*.str)

18

PHASE=Calcite // 04-008-0788 <

MineralName=Calcite
Formula=Ca_(CO3)

SpacegroupNo=167 HermannMauguin=R-32/c <«

PARAM=A=0.4991 0.494170.5041 PARAM=C=1.7062_1.689171.7233 <+—

&

RP=4 k1=0 k2=0 PARAM=B1=0_070.01 <

GEWICHT=SPHAR4 <

&
<«

GOAL=GrainSize(1,1,1)

GOAL:Calcite=GEWICHT*ifthenelse (ifdef (d) ,exp (my*d*3/4) ,1) «——

E=CA Wyckoff=b x=0.0000 y=0.0000 z=0.0000 TDS=0.00796938
E=C Wyckoff=a x=0.0000 y=0.0000 z=0.2500 TDS=0.00757986
E=0 Wyckoff=e x=0.2573 y=0.0000 z=0.2500 TDS=0.01400168

Phase name (don‘t use spaces or special characters)
Database record (used by Profex)

Informative (not used by Profex or BGMN)

Space group number and HM symbol

Cell parameters (A, B, C, ALPHA, BETA, GAMMA)

Profile parameters (peak broadening)
Scale factor and texture refinement
Calculate crystallite size

Brindley correction for micro-absorption and assign
corrected scale factor GEWICHT to variable , Calcite”

Atomic sites (TDS = thermal displacement parameter)

RMSh
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Structure Files (*.str)

19

RP=4 k1=0 k2=0 PARAM=B1=0 070.01 GEWICHT=SPHAR4

RP=4 Profile function:

RP=2: no peak broadening

RP=3: only crystallite size peak broadening

RP=4: crystallite size + micro-strain peak broadening
k1=0 Crystallite size distribution
k2=0 Micro-strain related peak broadening (can be anisotropic)
PARAM=B l=O_O ~0.01 Crystallite size related peak broadening (can be anisotropic)
GEWICHT=SPHAR4 Scale factor corrected for unit cell density (GEWICHT =S - (Z- M - V))

SPHARO: no texture
SPHAR>0: texture model activated

RMSh
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Structure Files (*.str)

Use the context help (Window = Context Help) for a description of the parameters,

and the context menu (right mouse button) to toggle the refinement state:

-01.dia

Lo s R

20

240222-01.5av

PHASE=Calcite // (4-008-0728
MineralMame=Calcite
Formula=Ca_{CO3)

240222-01.Ist

Calcite,str @ 1

SpacegroupMo=167 HermannMauguin=R-32/c
PARAM=A=0.4951_0.4541"0.5041 PARAM=C=1.7062_1.6891"1.7233
RP=4 k1=0 k2=0 PARAM=B1=0 04001 ~CUNCIIT COLIADA

GOAL=Grain5ize(1,1,1)

GOAL: Calcite= GEWICHT*ifthen|
E=CA Wyckoff=b x=0.0000 y=0|
E=C Wyckoff=a x=0.0000 y=0.04
E=0 Wyckoff=ex=0.2573 y=0.0

Undo

Redo Ctrl+Y
Cut

Copy

Paste

Delete

Select All Ctri+ 4

Refine isotropically
Refine anisotropically

Fix parameter

Comment ling

Context Help B

width of the lorentzian part of P in 1/nm, assuming a crystallite size
caused line broadening. The special setting

B1=ANISO
defines an ellipsoidal crystallite shape and is a shortkey for
B1=ANISOLIN

Bl can be converted to crystallite sizes (in the same unit used for
lattice parameters, default is nm) using the function

GOAL=GrainSize(h, k, 1)

where h, k, | are Miller indices.

RMSh
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First Rietveld Refinement: Improving the Refinement

File

Intensity [counts]

= Profex 53.2.7

Edit View Project Run

240222-01.sav

524_0007: 5240007_02

Results

240222-01.Ist

Instrument  Tools

Calcite.str

Locations  Window Help

Apatite-OH.str

EEBDLLBE DBIY9RISIFT A L %

240222-01.dia

>» OO

LA

Bl Q

240222-01.dia

14000 | | T —]
B — | observed T
i — lcalculated ]
L — | difference _
12000 L — Background 4
- — Hydroxyapatite |
- — Calcite -
10000 — —
g[:l[:l[) B . . . . 1
i How to improve fit of Calcite peak width? 1
6000 — . . . . . . ]
- Option 1: Refine anisotropic crystallite size A
- Option 2: Refine micro-strain 1
4000 —
2000 — —
0
T I | [ B [ R ! L v b b by

28.00 28.20

28.40

28.60

GM\Auftr_Proj\S-Auftraege\20244,524_0007 XRD-Warkhop FZ Jalich\E |1 Project

28.80

29.00 29.20

29.40 29.60

Diffraction Angle [*26]

A= 154100 A

28= 28.859°

29.80 30,00

I = 5092156 cts

30.20 30.40 30.60 30.80 31.00

d= 3.091A

RMSh
) | 4



First Rietveld Refinement: Improving the Refinement

= Profex 3.2.7 - O x
File Edit View Project Run Results |nstrument Tools Locations Window Help
— B
EBE L B DYVLRIT A L= > OO Q
EiDjects O | 22-01.dia | 240222-01.5av [ | 240222-01.st [] | Calcitestr B | Apatite-OH.str [
Narne Status ~ |teration
b 240222-01 Completed 60 241 1 PHASE=Calcite // 04-008-0728
2 MineralName=Calcite
3  Formula=Ca_(C03)
4 SpacegroupMo=167 HermannMauguin=R-32/c
5 PARAM=A= D49W—m&¥}4 C=1.7062_1.6891"1.7233
6 RP=4k1=0 k2=PARAM=B1=
Plot Options =] 7 GOAL=GrainSize(1,1,1) "'0
- 3 GOAL:CaIcite:GEWICHT”ifthe Redo Ctrl+¥
Scan ertical Offet 9 E=CA Wyckoff=b x=0.0000 y=
vl lobserved 0.00 10 E=C Wyckoffzax=0.0000y=0,  “ut
V| lealculated 0.0 11 E=0Wyckoffzex=02573y=0 ..
v | difference -1687.48 17 =0py
v Background 0.00 Paste
v Hydroxyapatite 0.00
| Calcite 0.00 Delete
Select All Ctrl+A
Refine isotropically
Refine anisotropically e Bl=ANISOA001
Fix parameter . .
no ,,PARAM=,, for anisotropic parameters
Comment line
Refinement Protocol [&® Refined Parameters (=ES]
-5.8009289E-01 -6.4324769E-24 -5.2700215E+01 -7.3938483E-01 -1.0983171E+00 “ | |Parameter Value ESD =
-6.4324769E-24 -2.3259503E-01 4.0196723E+02 3.9057810E+02 3.3947826E+02 ~ Statistics
2.6778441E+02 2.0572491E+02 1.7108619E+02 1.5028407E+02 1.4804167E+02 Rwp 764
1.3574297E+02 2.8539185E-02 Rexp 492
"""""""""""""""""""""""""""""""""""""""""" 241
1th pattern file named RMS5-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format GoF 1.55
1-rho=0.723% Background Coefficients 10
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format - Global GOALs
Refinement completed in 00:00:26.917 hh:mmiss.ms QHydraxyapatite 0.5037 0.0011
q 3 QCalcite 0.4963 0.0011 4 RMS I
Gh\Auftr_Proj\S-Auftraege\ 20244524 0007 XRD-Workhop FZ Jalich\E 1 Project | | A= 1.54100A 268 = 30.402° | = 7189.522 cts d= 2.938A Line: 6, Celumn: 23

) 4




First Rietveld Refinement: Improving the Refinement

= Profex 3.2.7 - O x
File Edit View Project Run Results |nstrument Tools Locations Window Help
B
EEBLCL LB DYV LT A = ¢ > OO Q
EiDjects O | aapo22-01.dia | 240222-01.58v 240222-01 Jst Calcite.str Apatite-OH.str
Narme Status ~ |teration
» 240222-01 Completed 63 240 524 _0007: 5240007_02 240222-01.dia
([ TrTT I TTTT | TTTT | L | TTTT I TTTT | TTTT L TTTT TTTT | TTTT TTTT | TTTT I TTT
14000 ! I 11 I 11 [ LI | (e T O (O O W MU N MU MUY (B[ y
C | | | | | 11 11l U] | observed I
12000 | calculated ]
C | difference ]
Plot Options @ 10000 Background .
Scan Vertical Offset _ L ?}-‘lcll.'tcx:,-'apatlte ]
v lobserved 0.00 £ w00 aete ]
V| lcalculated 0.00 ] F .
v] | difference -1614.11 O .
v Background 0.00 2 C 7
v Hydroxyapatite 0.00 42 4000 — -
v Calcite 0.00 = - ]
2000 | J 3
0
NN T )
-- i ——- - r
pr b b b s b P v b b b bvvrn b bvv i |
15.00  20.00 2500  30.00 3500 4000 4500 5000 5500 6000 6500  7F0.00 75.00  80.00
Diffraction Angle [*26]
Refinement Protocol [&® Refined Parameters (=ES]
-2.3436071E-01 4.6432977E+02 4.0255446E+02 1.0724616E+02 5.7725026E-01 | [ parameter Value ESD -
-5.5440188E-07 1.4013447E-07 4.0078541E+02 3.8843349E+02 3.3784382E+02 ~ Statistics
26712425E+02 2.0520142E+02 1.6996067E+02 1.5793783E+02 1.4728873E+02 Rwp 762
1.3527725E+02 2.9630702E-02 Rexp 492
------------------------------------------------------------------------------- v 240 ¥2: 2.41 > 2.40
1th pattern file named RMS5-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format GoF 1.55
1-rho=0.718% Background Coefficients 10
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format - Global GOALs
Refinement completed in 00:00:28,899 hh:mmiss.ms - QHydraxyapatite 0.5052 0.0011
i y OCalcite 0.4948 0.0011 - RMS
Gh\Auftr_Proj\S-Auftraege\ 20244524 0007 XRD-Workhop FZ Jalich\E 1 Project | | A= 1.54100A 28 = 0.000° = 0.000cts d= 0.000 A k
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First Rietveld Refinement: Improving the Refinement

= Profex 3.2.7 - O x
File Edit View Project Run Results |nstrument Tools Locations Window Help
— B
EBE L B DYVLRIT A L= > OO Q
EiDjects O | 22-01.dia | 240222-01.5av [ | 240222-01.st [] | Calcitestr ) | Apatite-OH.str [
Narme Status ~ |teration
b 240222-01 Completed 63 240 1 PHASE=Calcite // 04-D02-0728
2 MineralName=Calcite
3  Formula=Ca_(C03)
4 SpacegroupMo=167 HermannMauguin=R-32/c
5 PARAM= 1_0.494140,5041 PARAM=C=1.7062_1.6891"1.7233
6 RP=4kl= = 4
Plot Options @= 7 GOAL=Gr Undo
- 8 GOAL:Calcites d*3/4),1)
Red Ctrl+Y
— Rttt 9 E=CAWyckoff ™ Doorese3a
vl lobserved 0.00 10 E=CWyckoffd  Cut 0757986
vl lealeulated 0.00 11 E=0 Wyckoff- 1400168
v | difference -1614.11 12 Copy
v Background . 0.00 Paste
v Hydroxyapatite 0.00
v Calcite 0.00 Delete
Select All Ctrl+A
Refine isotropically e PARAM=k2=O 070.0001
Refine anisotropically
Fix parameter
Comment line
Refinement Protocol [&® Refined Parameters (=ES]
-2.3486071E-01 4.6482977E+02 4.0255446E+02 1.0784616E+02 5.7735036E-01 “ | |Parameter Value ESD =
-5.5440188E-07 1.4013447E-07 4.0078541E+02 3.8843349E+02 3.3784382E+02 ~ Statistics
2.6712425E+02 2.0520142E+02 1.6996067E+02 1.5793783E+02 1.4728873E+02 Rwp 762
1.3527725E+02 2.9630702E-02 Rexp 492
"""""""""""""""""""""""""""""""""""""""""" 240
1th pattern file named RMS5-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format GoF 1.55
1-rho=0.718% Background Coefficients 10
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format - Global GOALs
Refinement completed in 00:00:28,899 hh:mmiss.ms - QHydraxyapatite 0.5052 0.0011
q 3 QCalcite 0.4948 0.0011 4 RMS I
Gh\Auftr_Proj\S-Auftraege\ 20244524 0007 XRD-Workhop FZ Jalich\E 1 Project | | A= 1.54100A 28 = 0.000° = 0.000cts d= 0.000 A Line: 6, Celumn: 13
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First Rietveld Refinement: Improving the Refinement

= Profex 53.2.7

File Edit View Project Run

Results  Instrument Tools

Locations

Window Help

B
EOBLLLBY DYV HF A % > »OMOE Q
EiDjects O | aapo22-01.dia | 240222-01.58v 240222-01 Jst Calcite.str Apatite-OH.str
Narme Status ~ |teration
» 240222-01 Completed 70 1.69 524 _0007: 5240007_02 240222-01.dia
[TTTT I TTTT | TTTT | L | TTTT I TTTT | TTTT | L TTTT TTTT | TTTT I TTTT | TTTT I TTTT
14000 ol I 11 I 11 [ LI I O (O I W MUY O N T ARAN (RIO
C | | | | | 11 11l U] —— | ohserved | :i
12000 — — lcalculated .
- — | difference B
Plot Options @ 10000 = BECkQWU”d_ -
Scan Vertical Offset _ L ?}-‘lcll.'tcx:,-'apatlte 4
v | observed 0.00 § apoo Fete -
v | calculated 0.00 a C u
v| | difference -818.62 - C n
& - 4
v Background 0.00 § 600 ]
V|  Hydroxyapatite 0.00 £ L ]
v Calcite 0.00 T 4000 ]
2000 XJJ ]
[ , ]
0
||||||||||||||||||-|"||H|||||||||||||||||||||||||||1||||||||||||||||||||
15.00  20.00 2500  30.00 3500 4000 4500 5000 5500 6000 6500  7F0.00 75.00  80.00
Diffraction Angle [*26]
Refinement Protocol % Refined Parameters (=]
-2.0286666E-18 -2.3010037E-01 1.9192460E+02 1.6621158E+02 3.6378651E+01 Parameter Value ESD -
5.7735027E-01 3.0432321E-08 -3.4620408E-08 3.8645206E+02 3.5663677E+02 ~ Statistics
3.1339787E+02 2.6073264E+02 2,0808656E+02 1.7084160E+02 1.5783355E+02 Rwp .39
1.5243952E+02 1.3776552E+02 4.6328790E-02 Rexp 492
------------------------------------------------------------------------------- e ¥2: 2.40 > 1.69
1th pattern file named RMS5-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format GoF 1.20
1-rho=0.303% Background Coefficients 10
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format - Global GOALs
Refinement completed in 00:00:29.178 hh:mmiss.ms - QHydraxyapatite 0.5277 0.0010
] 3 QCalcite 0.4723 0.0010 -
Gh\Auftr_Proj\S-Auftraege\ 20244524 0007 XRD-Workhop FZ Jalich\E 1 Project | | A= 1.54100A 28 = 0.000° = 0.000cts d= 0.000 A

RMSh
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First Rietveld Refinement: Results

= Profex 3.2.7 - O x

File Edit View Project Run Results |nstrument Tools Locations Window Help

EB8EL B DIYVLIITALGE > OO Q

Erogects D% | o2-01.dia | 240222-01.sav 240222-010st B | Calcitestr Apatite-OH.str
Narme Status ~ |teration
b | 240222-01 Completed 70 1.60 1 Rietveld refinement to file(s) 240222-01xy
2 BGMM wversion 4.2.22, 5717 measured points, 148 peaks, 58 parameters
3 Stark Mon Feb 26 14:08:33 2024; End: Mon Feb 26 14:09:08 2024
4 74 iteration steps
5
6 Rp=5.43% Rpb=9.17% R=564% Rwp=6.39% Rexp=
7 Durbin-Watson d=1.00
8  1-rho=0.505%
9
10 Global parameters and GOALs
1
Plot Options @ | 12| QHydroxyapatite=0,5277+-0.0010 Phase quantities (normalized to 1.0)
- e 13| QCalcite=0.4723+-0.0010
v, | DbSENEd Olw ?Ig LF C="UWAAdU TooT TUWuuuuTo
v | calculated 0.00
v | :I?ffc:';i 818,62 :II_IIE' Local parameters and GOALs for phase Hydroxyapatite
Y Ba.ckgrof.lnd . 0.00 18 SpacegroupMe=176
v Hydroxyapatite 0.00 19 H M in=P6 3
v Calcite 0.00 ermannMauguin=P6_3/m

20 XrayDensity=3.150
21 Rphase=6.04%

22 UNIT=NM

23 A=0.9425490+-0.0000036

24 C=0.6883865+-0.0000033 -
Refinement Protocol % Refined Parameters (=]
-2.0286666E-18 -2.3910037E-01 1.9192460E+02 1.6621158E+02 3.6378651E+01 “ | |Parameter Value ESD =
5.7735027E-01 3.0432321E-08 -3.4629408E-08 3.8645206E+02 3.5663677E+02 v Statistics
3.1339787E+02 2.6073264E+02 2.0808636E+02 1.7084160E+02 1.5783355E+02 Rwp 6.39
1.5243952E+02 1.3776552E+02 4.6328790E-02 Rexp 492
"""""""""""""""""""""""""""""""""""""""""" 1.69
1th pattern file named RMS5-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format GoF 1.20
1-rho=0.503% Background Coefficients 10
1th pattern file named RMS-D8-ADS-15-LynxEyeXE-bkgraxy: assuming free XY[E] format - Global GOALs
Refinement completed in 00:00:29.178 hh:mmiss.ms QHydraxyapatite 0.5277 0.0010
q 3 QCalcite 0.4723 0.0010 - RMS I
G\Auftr_Proj\S-Auftraege\ 20244524 0007 XRD-Workhop FZ Jalich\E |1 Project | | A = 1.54060 A 28 = 0.000° = 0.000cts d= 0.000 A Line: 8, Celumn: 1
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First Rietveld Refinement: Results

= Profex 3.2.7 - O x

File Edit View Project Run Results [nstrument Tools Locations Window Help

EEBLDLLBE DP9 RISB|FA L= s> bOOKHQ

Projects 2 fidia | 240222-01sav ] | 240222-010st @ | Calcitestr E) | Apatite-OH.str [£]
MName Status ~ |teration =
b 240222-01 Completed 70 1.69 Rietveld refinement to file(s) 240222-01xy

BGMM version 4.2.22, 3717 measured points, 148 peaks, 58 parameters
Start: Mon Feb 26 14:08:53 2024: End: Mon Feb 26 14:09:08 2024
74 iteration steps

LR e )

H ©- 2 results-ex1.csv - Excel Nicola Débelin =
Datei Start Einfigen Seitenlayout Farmeln Daten Uberpriifen Ansicht Hilfe Q Sie wiinschen...
C10 - Je v
A | B © D | E | F | G | H |«
1 |File Sample Sample ID Parameter, Goal Value ESD
2 | 240222-01  S24_0007: $240007_02 QHydroxyapatite 0.5277 0.001
3 | 240222-01  S24_0007: $240007_02 QCalcite 0.4723 0.001
4| 240222-01  524_0007: 5240007_02 Rwp 6.39
5 | 240222-01  524_0007: 5240007_02 Rexp 4.92
6 | 240222-01  S24_0007: 5240007_02 Chi2 1.6868
7| 240222-01 524_0007: 5240007_02 GOF 1.2988
8 4
9
10 | .l
1]
12
13
14 |
15 |
16
17

results-ex1 () “ 3
Bereit B i m - 1 + 100% RMS‘
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First Rietveld Refinement: Outlook

=nt Tools

240222-01.dia

S24_0007: 5240007_02

240222-01.sav

Locations  Window Help

DB HT LA %%

> B

240222-01.1st

Apatite-OH.str

O @ el Q

Calcite.str

240222-01.dia

T TTT | T TTT | TTTT | L | TTTT | TTTT | TTTT L | TTTT | TTTT L TTTT | T TTT | TTT I_‘
14000 Fl 11 | I Il [N LI I | | A O O N MR TN R T MR TN T
r | | | | | I 111 I —— | observed | B
12000 — — lcalculated ]
- — | difference —
10000 L — Background ]
. r — Hydroxyapatite ]
£ B — Calcite B
S 8000 [~ -
(=1 - -
g [ ]
£ om0 [ ]
i .
T 4000 |- -
2000 |- J —
l ) i ﬂ . ]
D v,
T O A A A ] T I AT 1 7 N M
1500 2000 2500 30,00 3500 4000 4500 3000 5500 6000 6500 T0.00  7S.00  80.00
Diffraction Angle [*26]
[&® Refined Parameters @&
J67E+0D -8.4923878E+00 * | Parameter Value ESD
36E+02 4.0799035E+02 v Statistics
BBE+02 1.6313437E+02 Rwp 5.80
ol A 00
----------------- r;l? 141 |
jracy: assuming free XY[E] format o ™
Background Coefficients 10
jracy: assuming free XY[E] format -~ G GOALe
CQHydroxyapatite 04391 0.0024
= QCalcite 0.500% 0.0024
b L o
p FZ Jalich\E | 1Project | A= 1.54100 & 26= 29.910° | = 14049.970 cts d= 2985 A

28

My best fit (with additional tweaks):

- Anisotropic k2 and B1 for both phases
- Texture SPHARG for both phases

- Bimodal crystallite size for Calcite

- Substitution Ca = Mg for Calcite

- Substitution Ca = Na for Apatite-OH

The sample is a synthetic mixture of

50.0 wt-% Calcite + 50.0 wt-% Apatite-OH
RMSh
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