ith B IR IR F IR

J E E Vol.8 No.1 | Feb. 2017 ARTICLE

Journal of Earth Environment J»]e) 3 (¢ WAy YAl Pk ok [0k ]

TLARHI R X S S AT S WD 1H RE = 5 7 R B W A 77 A X
AR

AR, RAE
1. Hp BB M ER AR 5T AT B+ 550 DU 20 o [ R S 5802, P22 710061
2. EERAMEIR S IR BH L, JEAT 100875

HRIEX

W E. AP XHEITH (XRD) HAEEF S dFERoMR O T EoMOBE—A2ZWT
XRD Z ZH RSP, RILA SRR P F LT WA, KT — RN EHEE, KT
MacDiff # @A 4% (PAIL 3% ) #= Highscore #93% & Atk (RIR 3% ) R E25M 7 ik eitise b, R K
B ARy ikt B RAR -, BEBEAME S, P RIR FAAT44m 50 69 77 4 2 & £ /E 4, PAL
N B 3E R TATAE R BT AR A AL L i AT 4PEE &6 A S, MacDiff 49 PAL 7 ik o Arad
BAEEH WA, BER Y, TIBRLF, M ELAEMSERIFSFEREFRR GG A, TAHRRY
XRD # #485E & 5 AT HRAE T S8 295

KGR X HEAT4; T2 o475 MacDiff @AM 7%; Highscore 7& & A bk ik

A comparative study on X-ray diffraction mineral quantitative analysis of two methods in
sediments
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Abstract: Background, aim, and scope How to select suitable X-ray diffraction (XRD) phase analysis methods
and improve the accuracy have been an important problem in quantitative analysis of sediments. Many new methods
for quantitative analysis have been derived since the theory of XRD phase quantitative analysis was mature. The
requirement of these methods is too high either for the standard or for sample, which make its application restricted.
In recent years, in view of XRD quantitative analysis, different instrument manufacturers and researchers have
also developed a series of analysis software. MacDiff has been currently widely applied in clay mineral rather than

the whole rock mineral, and its precision and reliability are still unclear. In this paper, we compare the advantages
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and disadvantages of MacDiff with Peak Area Integration (PAI) and HighScore with Reference Intensity Ratio
(RIR), which is the most commonly used in the quantitative analysis of mineralogy, hoping to find a kind of simple
calculation, high precision and universal quantitative method, so as to provide convenience for geological research.
Materials and methods Considering the practice of research method, we choose common quaternary sediments
of quartz (Qtz), feldspar (Fsp), calcite (Cal), mica (Mca) and uncommon mineral corundum (Crn) as materials.
According to four different combinations and four different mixing ratios, 16 known content experimental samples
are prepared, conducted XRD testing, analyzed using the PAI and RIR quantitative analysis method, respectively.
Based on the theory of powder diffraction spectrum is the diffraction stack results of countless small grain diffraction
planes and diffraction intensity is proportional to the diffraction grain volume, PAI method is made by integrating
all diffraction peak areas with MacDiff, and then through Normalization method to calculate all mineral contents.
The key of the RIR method is the Reference Intensity RIR, which is a constant and independent of the instrument,
is measured or calculated the strongest diffraction peak intensity by adding the internal standard. The mineral semi-
quantitative results can be got immediately if the matched RIR value is researched in HighScore PDF database.
Results The Relationship of matched value and calculated value of PAI and RIR quantitative methods (Fig.2) shows
that with high crystallinity and high content, the calculated value of quartz in two methods are very close to the
matched value. For poor crystallinity, high content of feldspar, the semi-quantitative results of RIR method closer
to matched value, while PAI result is on the low side and the deviation increases with the known content increasing.
For the low content of minerals, such as calcite and mica, PAI quantitative result is better than RIR. Low content of
corundum is usually considered a standard phase, both RIR and PAI methods quantitative results are basically consist,
lower than the real value. Fig.2 also shows that PAI method can show more advantages on the samples containing
more than four kinds of minerals. By comparing the RIR and PAI method of five phase quantitative absolute error
(Fig.3), PAI method quantitative results of quartz, calcite, mica obtained with less error, and feldspar, in contrast, RIR
method error is less. The absolute errors of corundum got with two methods are within 3%. Discussion Because of
the difference of mineral crystallinity, such as Qtz and Fsp, provided that only selecting top three or five peak areas to
calculate the relative content, the results deviate largely, especially when preferred orientation exists. So PAI method
fitting all diffraction peaks, will greatly reduce quantitative errors leading by preferred orientation, overlapping
peaks. The results are in agreement with those provided by PAI and RIR methods, and each method has its own
advantage and shortage. More specifically, the PAI method is more practical in minerals with the sharp diffraction
peaks and samples containing more than four minerals whose diffraction peaks are overlapped. But for mica, the PAI
quantitative results are slightly on the high side cause of mica flourish bedding leading to the existence of non-plane
diffraction in the actual situation. On the contrary, the RIR method is suitable for the minerals with some short and
wide diffraction peaks, such as feldspar, which the diffraction peak shape is not obvious, higher peak overlaps maybe
lead to inaccurate splitting peaks. Unfortunately, the RIR method is not sensitive significantly to low content (10%)
or less. According to the principle of RIR method, larger RIR value (eg. RIR(mica)=13.8) causes lower quantitative
results. So the errors of RIR method are mainly derived from the RIR value and the diffraction peak intensity, while
the PAI method errors source from three aspects: inaccurate peak splitting, idealized crystal plane diffraction and ©
range. Conclusions Experimental results show that the PAI and RIR method on the phase quantitative analysis is the
basically consist. By far, RIR method is the most commonly used phase quantitative method. Its advantage is simple,
rapid, especially for bad crystalline minerals, while the disadvantage is that the selection of RIR value is restricted
by PDF database, and the quantitative result of low content phase trend to less. Although the analysis process of
PAI method is a little complicated, but for better crystalline materials or samples contain more mineral species, the
method owns accurate quantitative results (absolute error in most cases <3%), good reproducibility, and can partly
eliminate the effect of preferred orientation. Recommendations and perspectives The PAI analysis method does not

need other parameters with small error and good reproducibility, and the full pattern fitting can partially eliminate the
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influence of preferential orientation, therefore, PAI method can provide reliable data for mineral quantitative analysis

in sediments.

Key words: X-ray diffraction; quantitative analysis; MacDiff area integration; Highscore reference intensity ratio
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