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Table 1  Univariate ANOVA statistical results of uniformity test.
B JBSWS-1 JBSWS-2 JBSWS-3 JBSWS—4 JBSWS-5 JKSWS-1 JKSWS-2 JKSWS-3 JKSWS-4 JKSWS-5
FEHME 2 (%) 10. 62 15.12 5.03 15. 14 20.01 49. 69 85.74 60. 73 31.94 20. 45
FITHL 8 8 8 8 8 8 8 8 8 8
F/IME min( %) 10. 58 14. 96 4.96 14.93 19. 69 49.21 85.33 59.87 31.68 20. 11
e KAE max (%) 10. 66 15.43 5.12 15. 44 20. 46 50. 28 86.32 61.69 32.37 20. 94
FrufEfR2E s(%) 0.03 0.11 0.04 0.18 0.25 0.36 0.35 0.52 0.19 0.27
AR AR HE R 22 RSD(% ) 0.28 0.70 0. 88 1.20 1.20 0.72 0.40 0.85 0.59 1.30

HITI] )7 22 MST 0.00130  0.0091 0.00311  0.03618 0.01019  0.08425 0.07937  0.34482  0.03554  0.01213
HIGIN % MS3 0.00051  0.01316  0.00098  0.02584  0.10558  0.16548  0.15495 0.19532  0.03445 0.12337

Famg 2.53 0.69 3.19 1.40 0.10 0.51 0.51 1.77 1.03 0.10
Fo (v ,0) 6.18 6.18 6.18 6.18 6.18 6.18 6.18 6.18 6.18 6.18
Foos(vy,0) 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50

22 BRI ALS BRI b O 2

Table 2 Mean value and standard deviation of serpentine precision test data.

S
G SR
A B C D E F G H
HITHIE (%) 10. 63 10. 42 10. 65 10. 69 10. 48 10. 45 10. 56 10. 36
JBSWS—1 FRER 2 (%) 0.039 0.31 0.21 0.23 0.15 0.17 0.15 0.17
. T (%) 15.13 14.94 14.99 15.13 14.95 14.94 14.90 14.93
JBSWS-2 BRI 22 (% ) 0.21 0.11 0.083 0.24 0.20 0.14 0.11 0.20
HILYIE (%) 5.05 5.02 5.07 5.13 4.99 4.97 5.00 4.99
JBSWS-3 FrifEdm 22 (%) 0.028 0.042 0.079 0. 069 0.086 0.098 0.099 0.12
TG (%) 15.17 15.13 15.16 15.10 14.91 14.87 14.93 14.55
JBSWS—4 BRI 2 (%) 0.26 0.26 0.22 0.059 0.16 0.20 0.12 0.19
HITE (%) 19.99 19. 86 19. 87 19.92 19.99 19. 80 20. 02 19.94
JBSWS=35 FrifEdm 22 (%) 0.34 0.52 0.23 0.16 0.25 0.32 0.15 0.51
TG (%) 49. 68 50. 00 50. 09 50. 19 49.59 49. 86 49.70 49.34
JRSWS-1 BRI 2 (%) 0.43 0.53 0.54 0.58 0.098 0.47 0.36 0.26
BT (%) 85.85 85.92 85.68 85.48 84.06 83.73 83. 82 83.67
JRSWS-2 Bt 22 (%) 0.39 0.42 0.46 0.33 0.46 0.65 0.12 0.21
BICHIE (%) 60. 82 60.73 61.32 61.36 59.90 60. 38 60. 00 59. 89
JRSWS-3 BRI 2 (%) 0.76 0.56 0.24 0.43 0.28 0.81 0.39 0. 66
o BATEHIE (%) 32.02 31.71 32.13 31.93 31.80 31.94 31.72 31.45
JRSWS-4 FrRUEDw 2 (%) 0.28 0.37 0.38 0.33 0.58 0.27 0.40 0.42
HICHIE (%) 20. 44 20.29 20.30 20.35 20.42 20.23 20. 47 20. 37
JRSWS=3 B 22 (%) 0.37 0.56 0.24 0.18 0.27 0.34 0.17 0.55
3 RSB BAR T RH AR IS IS Ay AR A B 5
Table 3  Results of Grubbs test and Cochron test of precision test data.
(LSRN 2R JBSWS-1 JBSWS-2 JBSWS-3 JBSWS-4 JBSWS-5 JKSWS-1 JKSWS-2 JKSWS-3 JKSWS-4 JKSWS-5

RFMMESE I G, 1.352
iy BUMBIESE R 6, 1,404

L7117 1.933 0.915 1.296 1.348 1. 107 1.342 1.368 1.318
171 1.083 2.032 1. 600 1.653 1.063 1.098 1. 805 1.568

1

1
Foaay 1%l S 2,274 2.274  2.274 2,274 2.274  2.274  2.274  2.274  2.274  2.274
5%l FHE 2.126 2.126 2.126 2.126 2.126 2.126 2.126 2.126 2.126 2.126
fsi e Giita C 0.332  0.255 0.255 0.225 0.293  0.220  0.318 0.266  0.276  0.295
1%l FHE 0.521 0.521 0.521 0.521 0.521 0.521 0.521 0.521 0.521 0.521

Ko 45 0

5%l FHE 0.438 .438 0.438 0.438 0.438 0.438 0.438 0.438 0.438 0.438
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Table 4 Calculation results of precision parameters ( repeatability limit and reproducibility limit) .

BH JBSWS-1 JBSWS-2 JBSWS-3 JBSWS-4 JBSWS-5 JKSWS-1 JKSWS-2 JKSWS-3 JKSWS-4 JKSWS-5
FEMITE S, 0.0367  0.02848 0.00676  0.0377  0.11321  0.1888  0.16659  0.3098  0.15094  0.1337
FiFE M) )5 2 S 0. 0056 0.0011  0.00104  0.03484 -0.02253  0.033 1.03074  0.28682  0.00752 -0.02665
T2 ST 0.0423  0.02958  0.00779  0.07254  0.09068  0.2218  1.19734  0.59662  0.15846  0.10705
SEEIE m(%) 10. 52 14.99 5.03 14.98 19.92 49.84 84.78 60. 53 31.84 20. 36
EEMARELE S (%) 0.19 0.17 0.08 0.19 0.34 0.43 0.41 0.56 0.39 0.37
TRERPERRUEZS Sp(%)  0.21 0.17 0.09 0.27 0.30 0.47 1.1 0.77 0.40 0.33
R MR - 0.54 0.48 0.23 0.55 0.95 1.2 1.2 1.6 1.1 1.0
TR R 0.58 0.49 0.25 0.76 0.85 1.3 3.1 2.2 1.1 0.93
2.2.2 KEEEUMERESITERITR 0.4
(1) MR E S5 B o ik 22 ] BRSO R I 7 - S=bm S

THeRE B R MRS, 2 1 S oA 7 12
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KARILBHE (a) NIFILIETR S=a+b xm;; KR 0 10 20 30
AL IEERR S=C xmj-[)(itqj:s FbRHEIRZE , % 56 h
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4 PR BN S E T I
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S KT RS ZEAR R0 S, 90 S, 0 - . !
5 m; W pREE R E (& L RIE 2) v, B4R A 1-T0R
K 2-IHR il 28 3 YRR B R e ml 3155, 4
KEM (a b)) EAFEA, HRYEFK 4 Pl Al s 5 Pl 1 bl el lon o L S e or Bt By v B & 1
8PP IR 5 Bt AU I A R , Fig. 1  Mathematical function relationship between precision
Bl se A A E BT R A (R 5) . and mass fraction of standard curve method.
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Fig. 2 Mathematical function relationship between precision

and mass fraction of K—value method.

5 WL B BT IERRT #E A X
Table 5 Precision formula of quantitative phase analysis method
for serpentine. The precision of X —ray diffraction
standard curve method and K — value method is
positively correlated with the content of serpentine
minerals, that is, the higher the content of serpentine
minerals, the greater the repeatability limit and

reproducibility limit, and vice versa.

SE T HEE TR FEPLEBR
Tk m r R
eI 2 5.03~19.92  r=0.0413m+0.0093  R=0.0373m+0. 0978
K{EE  20.36~84.78  r=0.6419m> 1% R=0.0345m+0. 0268
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Table 6  Verification of different laboratory precision for

quantitative analysis method of serpentine phase.

FEdh

WAL SMOWIRGER 1% j
PRI SMRLRZE S MO ﬁ:tﬂa‘ -

(%) (%) (%) (%)
8.28 8.41 -1.56
13.80 13.38 3.09

39.48 38.38 2.83
71.04 72.18 -1.59

B 1
BEf 2
R 3
FEf 4

it ek
rafieth ek
K%
K fik

+4.90
+4.45
+3.52
+3.49

3 45k
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Discussion on the Precision Evaluation Method of Serpentine Phase
Quantitative Analysis by X-ray Diffraction

ZHANG Mei, CAI Yuman, XIAO Ling, WANG Lubin
( Geological Survey of Jiangsu Province, Nanjing 210018, China)

HIGHLIGHTS

(1) Different detection methods are used for serpentine samples with different contents, which meet the
requirements of accuracy and convenience.

(2) The sample must pass the uniformity test before it can be selected for the precision collaboration test.

(3) The test results verify that the homogeneity of the sample is the key factor affecting the quantitative analysis

results of X~-ray diffraction.

ABSTRACT

BACKGROUND: Serpentine is an important group of minerals, widely used in the chemical and building
industries, agriculture, metallurgy, environmental protection, and other fields. Due to the high requirements for
the mining grade of serpentine ores in China, many abandoned tailings have been formed, resulting in a large
amount of waste causing environmental pollution. According to the different content of serpentine in the waste
tailings, different industrial products can be produced, which can improve the natural environment and diversify
serpentine enterprises. These works are based on the ability to determine serpentine contents quickly and
accurately. At present, the determination method of serpentine ores is based on the industry standard HG/T 3575—
2006 Analysis Method of Serpentine Ores. The content of magnesium is measured first, and the content of serpentine
mineral is obtained after conversion. The analysis steps are tedious, and the analysis time is long. The existing
detection methods obviously cannot meet the urgent needs of the market and enterprises. For a long time, the
precision of the quantitative analysis of serpentine by X—ray diffraction has not been controlled quantitatively. The

precision comparison between laboratories also lacks a corresponding basis.

OBJECTIVES: It is urgent to improve the detection level of X-ray diffraction and further improve the detection
technology of serpentine mineral content. The purpose of this study is to lay a foundation for the establishment of the
standard method for the quantitative analysis of serpentine phase in the future and provide a basis for the evaluation

of analytical methods and the monitoring of analytical quality.

METHODS ; This study refers to the method widely used internationally to express precision with repeatability limit
and reproducibility limit, and to judge the reliability of analysis results in practice. According to the requirements
of GB/T 6379. 2—2004 standard, 10 samples with different serpentine content are selected and prepared for
uniformity test. The serpentine content ranges from 5. 00% to 84. 78% , which basically covers the content range of
serpentine deposits in China, meeting the requirements of the research program. The purpose of the uniformity test
is to reduce the error of quantitative analysis, especially in the case of low content, because the uniformity of the
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sample has a great impact on the accuracy of the test results. The measured value of F 1 1s less than the critical

measure

value of F indicating that the analyzed samples are uniform. Eight laboratories are selected to use the qualified

critical ?
samples for the precision collaborative test. According to the requirements of the quantitative limit and the optimal
measurement range, and the results of the precision, accuracy and recovery test, the standard curve method has a
small error, accurate test data, high recovery rate and stronger applicability for samples with serpentine mineral
content of less than 20. 00%. For high - content samples with serpentine mineral content of 20% or more, the
parameters of the K value method all meet the requirements, considering the fast and convenient determination, it is
more suitable for the application of the K value method. The laboratories participating in the collaborative test use
the uniformly supplied analytical pure corundum reagent as the reference material, and use the X—ray diffraction
standard curve method ( provide the calibration curve) for samples with serpentine mineral <20% , while use the
X-ray diffraction K value method ( provide K value) for samples with serpentine mineral =20% under the same
test conditions. Only the data passing the test of Grubbs and Cochran can participate in the calculation of precision

parameters, and the mathematical function relationship between the precision and content of X —ray diffraction

standard curve method and K—value method is obtained.

RESULTS: The experimental results show that the critical value of F_; , under 95% confidence is 3. 50 for the

after statistical calculation is less than 3. 50, which proves

critical
collaborative test, while the measured value of F ..
that the 10 samples are relatively uniform and are qualified as the precision collaborative sample. Moreover, the
data of the collaborative test are all less than 5% of the critical value, and all of them pass the Grubbs test and
Cochran test. All of the data can be included in the calculation of precision parameters, which also proves the high

consistency of the test results of different instruments in different laboratories.

CONCLUSIONS: The calculation results of precision parameters show that the precision parameters of X —ray
diffraction standard curve method and K-value method are positively correlated with the content of serpentine
minerals, that is, the higher the content of serpentine minerals, the greater the repeatability limit and
reproducibility limit, and vice versa. The sample with the lowest content of serpentine has the lowest repeatability
limit and reproducibility limit, which also verifies that the error of X-ray diffraction for phase quantitative analysis
mainly comes from the uniformity error of the sample. It confirms that among all factors affecting the results of
X-ray diffraction quantitative analysis, the homogeneity of the sample is the most critical factor, and the influence
of other factors can be overcome by changing the test conditions and other corresponding methods. If the sample is
uniform enough, the error of quantitative analysis can be controlled. The research on the precision of the
quantitative analysis method of serpentine phase provides technical support and basis for the establishment of the
standard method of the quantitative analysis of serpentine phase, the evaluation of the analysis method and the

monitoring of the analysis quality in the future.

KEY WORDS: serpentine; X —ray diffraction method; quantitative phase analysis; precision cooperation test;
repeatability limit; reproducibility limit
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