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Fig. 1
Zhejiang Province (a. Microphotographs under cross
— polarized light; b. The XRD pattern, V. Charact —

eristic reflections of 2M, micas)
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AT 22 HR K, 40 il - 14. 0% ~ 14. 0% Fi
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Rietveld quantitative analysis results of illite — quartz binary mixtures

FSE (% ) Rietveld FEHE5 5 (% )
PR S " ) ) " ) ) ——
Az ket FaE A fixtiRzE MR ZE FaE AintiRzE O MXRZE e X 1% 22 310
Q-1 97.0 3.0 97.7 0.7 0.7 2.3 -0.7 -23.3 -0.7~0.7
Q-2 90.0 10.0 89.4 -0.6 -0.7 10.6 0.6 6.0 -0.6~0.6
Q-3 70.0 30.0 69.5 -0.5 -0.7 30.5 0.5 1.7 -0.5~0.5
1Q -4 50.0 50.0 50.9 0.9 1.8 49.1 -0.9 -1.8 -0.9~0.9

%2 PR - A8 - KA —OLRAY) Rietveld g i el R

Table 2  Rietveld quantitative analysis results of illite — quartz — albite ternary mixtures

\ (% ) Rietveld i B4 (% )

GECE s — : R : e ‘ R : —
PR A3 B (DURLE 4oViRae RIXHSE | ATE 4ONIRIE AXHRIE| AR AUNFRIE HIXHEE | 4tfinos i

IQA -1 50 40 10 49.0 -1.0 -2.0 |40.5 0.5 1.3 10.5 0.5 5.0 -1.0~0.5

IQA -2 50 30 20 50.2 0.2 0.4 |28.2 -1.8 -6.0 21.6 1.6 8.0 -1.8~1.6

IQA -3 50 20 30 48.1 -1.9 -3.8 |21.4 1.4 7.0 30.4 0.4 1.3 -1.9~1.4

IQA -4 50 10 40 50.1 0.1 0.2 8.7 -1.3 -13.0 41.2 1.2 3.0 -1.3~1.2
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Table 3  Rietveld quantitative analysis results of illite — quartz — albite — calcite — kaolinite multiple mixtures

FHE(E (% ) Rietveld E 455 (% )
B
Yo%t AEXT st AN St Hxt ikt AR ikt M| ZanhiR
W5 |G A KR iR IR | £ B AT i} 2e) e
WE RE WE EE W R WE RE W WE | R
C-1] 20 5 2 25 7.5 189 -1.1-55[50.2 0.2 0.4]20.6 0.6 3.0| 2.4 -0.1-4.0] 7.9 0.4 53 |[-1.1~0.6
C-2| 40 30 20 5 5 402 0.2 0.5/27.7-2.3-7.7|21.2 1.2 60| 5.7 0.7 14.0| 5.2 0.2 4.0 |-2.3~1.2
c-3] 60 15 15 5 5 |58.8 -1.2-2.0/16.6 1.6 10.7| 15.1 0.1 0.7| 4.3 -0.7-14.0| 5.2 0.2 4.0 |-1.2~1.6
C-4| 8 5 5 2.5 7.5 | 81.1 1.3 1.6] 46-0.4-8.0| 4.8 -0.2-4.0| 2.2 -0.3 12.0| 7.1 -0.4 -5.3 | -0.4~1.3
4 C -3 FESN 10 K Rietveld Em o Hrak 5
Table 4 Rietveld quantitative analysis results of C —3 sample for ten times
» 10 YK Rietveld 5E 045 8 (% ) SEEIE kR
LEEES
1 2 3 4 5 6 7 8 9 10 (%) (%)
RFIE 58.8 59.1 59.7 59.4 59.3 59.4 59.6 58.9 59.3 59.5 59.30 0.29
ok 16.6 16.8 15.8 16.0 16.7 16.5 16.3 16.6 16.3 15.9 16.35 0.35
e 15.1 14.4 14.6 14.8 14.2 14.5 14.4 15.0 14.6 14.8 14.64 0.28
iy el 4.3 5.1 5.1 5.3 5.1 5.0 5.1 4.8 5.3 5.2 5.03 0.29
A 5.2 4.6 4.8 4.5 4.7 4.6 4.6 4.7 4.5 4.6 4.68 0.20
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Table 5 Rietveld quantitative analysis results of natural illite
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R DHRLG A9 mkn A sk
R (%) (%) (%) (%) (%)
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=5 38.4 55.8 5.3 - 0.5
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Fig.4  Comparison of the chemical compositions between the

values calculated by the Rietveld method and the XRF

%u CaO 1.80% ,JHL;%:{ 6) i measurement
#6  RADHIOY FALALR
Table 6 Chemical compositions of natural illite samples
o S S$i0, ALO, Fe,0; Mg0 CaO NayO K,0  MaO  TiO,  P,0, LOI A
Jrik (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
) XRF T4.77 15.89 0.69 0.20 0.06 0.29 4.68 0.008 0.07 0.03 2.05 98.16
i Rietveld 75.89  17.18 - - - - 4.75 - - - - 97.82
- XRF 77.53 13.84 0.94 0.32 0.15 0.38 3.92 0.02 0.10 0.04 1.96 99.19
& Rietveld ~ 77.76  15.54 - - - 0.58  4.35 - - - - 98.23
. XRF 74.40 12.42 1.52 0.46 1.80 1.92 2.80 0.04 0.60 0.18 3.10 99.24
Fi bk Rietveld 76.35 14.79 - - 1.47 2.03 3.03 - - - - 97.67

Ve - FORARITI

— 296 —



2 4

WRZiE , 55« Rietveld 2 BU G AR 8" E B0 AT BORTH B B iR 22 R U

w4 %

3 4k

T HE ) TR A R i DL B R SR il R 52 T
Rietveld = [E01453k £ 7 0 e A A0 74 rhoal LA
ARIFEE ROR T RE , X IRIE R INT 3% o WA E
P HTIERZEACIR TN YR 1 S R AR 2% A
IR T PIRSISEL U BB R . T
ARFFE ORI Z , e XRD SCgd fe b, 0
JEAF AT A Al BT AR B, SR T 503 14077 3k Al 4 1R
A A A 25 A7 LU a] BE s s PR D) o
TE Rietveld SEAAPHT I kI I3 326 45 DU I J3E 5 119 D7 A £
A REE R D R B AT [ B RO 5 B 13 45 W)
T IR3h U i, WSt R M, Rietveld 2[4
B ERAEGR A0 R PR kAR 2l T LA
SRS T HRAT T (8 R

Brigt: R R B N R A E S B AT
LS R R AR LT e

4 ZHLK

(L] R, NG W[ M. db st % 55 208 H Rk,
2015.494 -497.

Dong F Q. Applied mineralogy [ M ]. Beijing: Higher
Education Press,2015:494 —497.

(2] Pfis. RGP R soeHE B UFFE [ D). SE 7 -
FEH K #,2019.

Li X Y. Study on extraction of patassium from natural
mineral illite[ D]. Yanji: Yanbian University,2019.

[3] Alain M, Velde B. Illite[ M ]. Heidelberg ; Springer,2005 ;
189 —240.

(4] DAL XA AR eI [T ], Py R ik g
2014,34(2) .47 - 117.

Ma L D. Splendid century of X - ray crystallography[ J].
Progress in Physics,2014,34(2) .47 - 117.

[5]  Zhou X, Liu D,Bu H,et al. XRD - based quantitative
analysis of clay minerals using reference intensity ratios,
mineral intensity factors, Rietveld, and full pattern
summation methods: A critical review [ J ]. Solid Earth
Sciences ,2018,3:16 —29.

[6] Runcevski T,Brown C M. The Rietveld refinement method:
Half of a century anniversary [ J]. Crystal Growth and
Design,2021,21(9) :4821 —4822.

[7] Kiistian U,Mark D R. Application of the Rietveld method
in the Reynolds cup contest [ J ]. Clays and Clay
Minerals 2017 ,65(4) :286 —297.

[8] Bish D L,Howard S A. Quantitative phase analysis using
the Rietveld method [ J ]. of  Applied

Journal

(9]

(10]

(11]

[12]

[13]

[14]

(15]

[16]

[17]

[18]

[19]

Crystallography, 1988 ,21 .86 - 91.

Munson E O,Chalmers G R L,Bustin R M, et al. Utilizing
smear mounts for X - ray diffraction as a fully
quantitative approach in rapidly characterizing the
mineralogy of shale gas reservoirs [ J]. Journal of
Unconventional Oil and Gas Resources, 2016, 14.
22 -31.

Zhao W ,Tan W F. Quantitative and structural analysis of
minerals in soil clay fractions developed under different
climate zones in China by XRD with Rietveld method,
and its implications for pedogenesis [ J]. Applied Clay
Science,2018,162:351 —-361.

Prandel L V,Saab S C, Brinatti A M, et al. Mineralogical
analysis of clays in hardsetting soil horizons, by X — ray
fluorescence and X —ray diffraction using Rietveld method
[J]. Radiation Physics and Chemistry,2014,95 :65 —68.
Kleeberg R, Monecke T, Hillier S. Preferred orientation
of mineral grains in sample mounts for quantitative XRD
measurements ; How random are powder samples? [ J].
Clays and Clay Minerals,2008,56(4) .404 —415.
Gualtieri A F. Accuracy of XRPD QPA using the combined
Rietveld—RIR method [ J ]. of Applied
Crystallography,2000,33(2) :267 —278.

MRt , LG , A BT, 2. XS SR AT S e e SR 2 2
Wi = B2 RIS & [T ] A0, 2021, 40
(4):504 -511.

Chen A Q, Tan W, Yang Y P, et al. Qualitative and

Journal

quantitative analysis of fluorophlogopite polytype by the
rotation — spray method of X — ray diffraction[ J]. Rock
and Mineral Analysis,2021,40(4) :504 -511.

Toby B H. EXPGUI, a graphical user interface for GSAS
[J]. Journal of Applied Crystallography, 2001, 34 .
210 -213.

Bish D L, Post J E. Quantitative mineralogical analysis
using the Rietveld full — pattern fitting method [ J ].
American Mineralogist,1993,78.932 —940.

Calvert C S, Palkowsky D A, Pevear D R. A combined
X —ray powder diffraction and chemical method for the
quantitative mineral analysis of geologic samples[ M ].
Colorado ; Clay Minerals Society,1989:154 — 166.

Moore D M, Reynolds R C. X - ray diffraction and the
identification and analysis of clay minerals| M ]. Oxford ;
Oxford University Press,1997:298 —299.

Hillier S. Accurate quantitative analysis of clay and other
minerals in sandstones by XRD: Comparison of a
Rietveld and a reference intensity ratio ( RTR) method
and the importance of sample preparation [ J]. Clay

Minerals ,2000,35:291 - 302.
— 297 —



oy ook
w2 hltp;E//wEv}va. ;ﬁcs.i. cn 2022
[20] fHfh,348, 2 18,4, XRD - Rietveld 43540141 University of Chinese Academy of Sciences,2019.
T SR PR S e 0 VAR A T R S g 5 (23] AL X BFEem RATSHOH SR L) ] Bl
EX LT ] Ot 2% 5 O i 7 #r, 2020, 40 (3) TN, 2008 (5) 2 -6.
950 —-955. Ma L D. Preparation of the samples for X — ray powder
Fu W, Peng Z, Luo P, et al. Accuracy testing of soil diffractometers[ J | . Shanghai Measurement and Testing,
mieral quantification by XRD - Rietveld full — spectrum 2008(5) :2 -6.
fitting method ; Simulation experiments and comparison [24] PBESEW, FH5. BARMGHHISME[M]. bt b gt
with traditional method [ J ]. Spectroscopy and Spectral #E H A ,2016:159 - 160.
Analysis,2020,40(3) :950 - 955. Chen H H,Lei F. Powder diffraction theory and practice
[21]  FBIRER, ZE08. X B2 £ M AT S 50 Rietveld K515 K [ M]. Beijing: Higher Education Press,2016:159 - 160.
GSAS HAEATTI M. db 5t oo [ Z#E A Tolk i R A, [25] Jozanikohan G,Sahabi F,Norouzi G H,et al. Quantitative
201620 -23. analysis of the clay minerals in the Shurijeh Reservoir
Zheng Z H,Li Q. Introduction to Rietveld refinement with Formation using combined X — ray analytical techniques
X - ray powder diffraction data and GSAS software[ M]. [J]. Russian Geology and Geophysics,2016,57 (7).
Beijing: China Building Material Industry Publishing 1048 —1063.
House ,2016 ;20 —23. [26] Zviagina B B, Drits V A, Srodon J, et al. The illite —
[22] BREE. BT RESBERYIH S 2B HAID]. aluminoceladonite series: Distinguishing features and
Jba . A E R B kA ,2019. identification criteria from X - ray diffraction and
Chen A Q. Growtth mechanism and polytype genesis of infrared spectroscopy data[ J]. Clays and Clay Minerals,
synthetic fluorophlogopite from melt [ D ]. Beijing: 2015,63(5) :378 —394.

Accuracy and Error Sources of the Rietveld Full Pattern Fitting Method in
Quantitative Analysis of Illite Ores
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HIGHLIGHTS

(1) Mixed samples with different content and composition were prepared by pure minerals.

(2) The Rietveld method showed high accuracy and its errors were mainly affected by structural model, thermal
vibration, and preferred orientation.

(3) The Rietveld quantitative results of natural illite samples were in good agreement with those of the XRF

measurements.
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ABSTRACT

BACKGROUND: lllite is an important mineral resource. It is of great theoretical and practical significance to
accurately obtain the mineral composition and content of illite ores. The Rietveld full pattern fitting method uses the
whole diffraction pattern for analysis and shows high accuracy. However, due to the lack of pure illite samples, the
accuracy and error sources of this method for analyzing the content of illite ores are not clearly known at present.
OBJECTIVES: To understand the accuracy and error sources of the Rietveld full pattern fitting method in
quantitative analysis of illite ores.

METHODS: The Rietveld full pattern fitting method was used to quantitatively analyze artificial and natural illite
ore samples. The results of X - ray fluorescence spectrometry (XRF) of natural illite ores were compared with the
chemical compositions calculated from the mineral contents by the Rietveld method.

RESULTS:: The results showed that the maximum absolute error ranges of illite — quartz binary mixtures, illite —
quartz — albite ternary mixtures, and illite — quartz — albite — calcite — kaolinite multiple mixtures were —0.9% -
0.9%, -1.9% -1.6%, and -2.3% —1.6% , respectively. The chemical compositions of natural illite ores
calculated by Rietveld method were in good agreement with the results of XRF. This indicated that the Rietveld
method had high accuracy in the quantitative analysis of mineral contents of natural illite ore samples. The error
sources were mainly affected by the illite structural model, atomic thermal displacement parameters U, , and
preferred orientation.

CONCLUSIONS: A reasonable structural model of illite should be chosen according to the actual samples. The
values of atomic thermal vibration U, should be reasonably set according to the references. Preferred orientation

should be decreased as much as possible during the sample preparation.

KEY WORDS:. illite; the Rietveld full pattern fitting method; accuracy; error sources; X — ray diffraction;

structural refinement
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