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Table 1 Mineral composition and structural characteristics of the samples
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BRIRAT 50% , &)@ ) 30% , fIN 41 10% , R = EE5%
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BIR 2RI AR IS W 30% , 11 = A1 50% , WKW 5% , 19 5%,  27% ~28%
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R 75% , J5 ff A1 15% , = A1 5%, 4136 3%,

2 2%
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Table 2 Grain distribution of phosphate rock samples
G-1 G-2 G-3 G-4
FEdlRLAR ] ] o ] o A N ]
(um) /[%I‘Eﬂélﬁj\ LY NE S EINER o LY NE X7 43 LY NE X7 43 LDy
SHE(%) (%) T (%) (%) T (%) (%) T (%) T (%)
1.00 ~1.30 23.42 23.42 22.51 22.51 19.05 19.05 24.12 24.12
1.30 ~2.50 14.67 38.09 12.96 35.47 12.59 31.64 13.99 38.11
2.50 ~5.00 17.99 56.08 13.84 49.31 13.45 45.09 12.78 50. 89
5.00 ~6.50 7.40 63.48 5.72 55.03 5.71 50.8 5.00 55.89
6.50 ~10.00 11.47 74.95 9.12 64.15 10.22 61.02 8.09 63.98
10.00 ~13.00 6.17 81.12 5.61 69.76 7.20 68.22 5.25 69.23
13.00 ~18.00 6.65 87.77 7.34 77.1 9.23 77.45 6.57 75.8
18.00 ~20. 00 1.70 89.47 2.39 79.49 2.99 80.44 2.04 77.84
20.00 ~23.00 1.75 91.22 3.10 82.59 3.94 84.38 2.55 80.39
23.00 ~28.00 1.75 92.97 4.28 86.87 5.32 89.7 3.37 83.76
28.00 ~32.00 1.18 94.15 2.95 89.82 3.30 93.0 2.29 86.05
32.00 ~38.00 1.89 96.04 3.80 93.62 3.39 96.39 3.05 89.1
38.00 ~45.00 2.00 98. 04 3.33 96.95 2.21 98.6 3.16 92.26
45.00 ~53.00 1.21 99.25 1.92 98.87 0.94 99.54 2.94 95.2
53.00 ~63.00 0.57 99.82 0.86 99.73 0.38 99.92 2.60 97.8
63.00 ~75.00 0.15 99.97 0.23 99.96 0.08 100 1.49 99.29

BOMERETIT R IEREEIE T EEITR ML
JCR i JT R LA SMELL A3 R I TR, 4 P, 05,
Si0, | TFe, O, , CaO, MgO , TiO, , MnO , K, O, Na, O,
SrO.S.F.U.La,Ce . Pr.Nd,Sm,Gd Dy.Y 3 21 i,
XTEFEILE P, 04, S0, TFe, O, , CaO , MgO , TiO, .
MnO K, 0 Na,0,Sr0 3R ] X 25601 1 h ik
i, BORE & 0.4 g XHMIRE & TFe, 0, MnO %
MEFWBOEEENH . U La,Ce Pr.Nd Sm Gd,
Dy Y R JH Fi S 5 55 B 1 M B i vk D00 A, PR
HO.1 g, FRATE Tt R LI &, S SR A
ekl R 0.3 ~0.5 g,

RS PRI R 15 22 20 B F ARG 56 04 Al i 2
SR AH X bR A i 22 X bR E B 5T 0 34 50 1 AR O
MO SRR IR A R I 3. I 4 MY
R g A R A LI Y, R0 3258 0 3R A AR X A o i
22/NT 3% , SR TR AR Fn A 22 /T 5% , i
W1 21 AMEVRR T 0T S B B . BN R TT7
ZERG G 4 DARIEYI B Y b 21 WOTR M F S
{EI/NT F IR FE Fo0s (24,25) =1.96, WA
FLH ] 3 4 RICH] 22 55, 56 PR i 19 1412
PTERYE
2.2 FRETERSS
2.2.1 mHRENE

BB R HE) STE AL 2 /)M e

JCHIRE 73 BITE SO°CFI - 18°C Il B A5 1F T IR AT,
i F IR IR B A0 I2 o A P i TR O, 20
BIAE 1.3 5.7 K€ WO A, 138 5 AR i 451
B2 Gy it A o0 Bre X AR dh R P, O Si0,  TFe, O;
CaO MgO . TiO, ,MnO K, 0 Na, 0 .5rO .S . F U, La,
Ce Pr.Nd,Sm Gd . Dy .Y 4t 21 B A7, 4347 7
LRI VRS . R E YRR S IR JIF 1343—
2012 RIEY) 5 18 A a8 P s 0 B e 2 J B ) R
MELMGE. 21 PR ELUE R | <
to.os * SCby) AL TCTT I ML FIGE T2 1 ) ]
B2ER, RWIWEE 1R A TR R E R
2.2.2 RIREN

AU 9 2R 5 BT A b ) T A R
PR e e JFUAE 0.1 3.6 12 /> H i g S HURE
O BB A1 bR ) B BE AL A 2 SRR A B
PRI 2 Gyt 4T 50 B e XA AL P, 05, Si0,  TFe, 05,
Ca0 MgO . TiO, MnO K,0 Na,0.SrO .S . F .U La.Ce,
Pr \Nd Sm Gd Dy Y 3£ 21 ik, FHITER
MZMALZ I E R TR A LT R R
SRS A B TR BUEEIE , F R T TR Ak
TESE ,S SRAMABE RN E . KRR E MR TR A
LG IR R, 1, <1505 - S(by) , AW
FIATRENE (e 4) ,RWITE 12 4> H N4 £ e
P EPE R EAT R AT ETE

— 635 —



56 1 #o5W i o7 4
http; // www. ykes. ac. cn
3 WLt asR
Table 3 Analytical results of the homogeneity test
G-1 G-2 G-3 G-4
TH GRME  RSD po | AHE RSD po | FME RSD po | AHE RSD p
SR (%) FEE (%) SR (%) SFEE (%)
P»0s, 10.5 0.64 1.03 18.6 0.67 1.00 27.5 0.62 1.01 39.5 0.77 1.00
Sio, * 29.7 0.84 1.01 2.95 1.21 1.01 11.1 1.00 1.02 1.62 2.54 1.15
TFe, 0 * 15.3 0.93 1.16 0.676 2.02 1.06 0.525 1.84 1.19 0.195 2.11 1.34
CaO " 24.3 0.63 1.08 40.6 0.70 1.00 43.4 0.45 1.00 54.0 0.69 1.03
MgO * 6.78 1.12 1.08 10.1 1.08 1.00 3.41 1.09 1.04 0.444 1.09 1.10
TiO, * 1.80 0.73 1.34 0.022 4.717 1.50 0.040 2.58 1.42 0.080 1.69 1.35
MnO * 0.151 1.21 1.12 0. 066 1.97 1.33 0.035 1.57 1.15 0.002 3.77 1.12
K,0* 2.52 1.01 1.06 0.096 1.71 1.03 0.488 1.75 1.11 0.165 1.08 1.51
Na, 0~ 0.435 1.53 1.19 0.096 1.65 1.83 0.279 2.22 1.03 0.100 1.57 1.57
Sr0* 0.253 1.36 1.09 0.054 3.23 1.19 0.095 1.22 1.25 0.054 1.47 1.21
S* 0.472 1.52 1.27 0.045 2.48 1.46 0.130 2.57 1.39 0.047 4.02 1.26
F* 0.557 2.16 1.01 1.83 1.99 1.09 2.59 2.08 1.08 3.09 1.66 1.14
U 2.00 4.66 1.20 11.8 3.26 1.02 15.4 2.02 1.04 6.16 1.57 1.02
La 224 2.98 1.03 192 2.04 1.00 49.0 2.51 1.00 16.6 3.36 1.01
Ce 518 2.74 1.01 102 2.10 1.02 39.9 3.97 1.00 13.2 3.76 1.00
Pr 72.9 2.55 1.01 31.3 2.59 1.00 8.12 2.94 1.01 2.57 4.11 1.01
Nd 335 1.54 1.03 136 2.15 1.04 32.7 2.77 1.01 11.5 4.13 1.01
Sm 59.6 4.08 1.02 25.5 3.30 1.03 5.96 3.93 1.03 2.10 2.91 1.02
Gd 41.2 4.79 1.02 27.1 4.06 1.01 7.13 3.85 0.80 2.11 2.20 1.02
Dy 18.9 3.68 1.11 26.4 3.79 1.03 7.32 3.65 1.07 1.93 3.43 1.01
Y 65.9 4.02 1.01 298 2.84 1.02 90.5 2.07 1.01 15.0 3.06 1.01
FE A+ 7 BT AN P AL 10 72 HAD A T S ST (B A 10 76
# 4 KIREvERREs R
Table 4  Analytical results of the long-term stability test
G-1 G-2 G-3 G-4
JLHR
FEE b to.05>s(by) | SFHEIE b, to.05%s(by) | SFEMH by to.05% (1) | SFHIH by t.05xs(by)
P,05 " 10.6 0.0013  0.0072 18.6 0.0012 0.0013 27.5 0.0004 0.0135 39.5 0.0008  0.0110
Sio, * 29.7 -0.0038 0.0131 | 2.82 0.0004 0.0101 11.1 0.0001  0.0096 1.59 0.0018  0.0031
TFe, 05 * 15.1 0.0031 0.0137 0.689 -0.0007 0.0012 0.559 -0.0001 0.0015 0.165 0.0002  0.0004
CaO " 24.1 -0.0030 0.0090 40.8 0.0028 0.0182 43.5 0.0001  0.0035 54.1 0.0060  0.0222
MgO * 6.61 —-0.00004 0.0065 10.1  -0.0009 0.0113 3.42 0.0012  0.0030 0.447 -0.0001  0.0006
TiO, * 1.79  -0.0004 0.0017 0.022 0.0001  0.0003 0.041 0.00007 0.0004 0.081 0.00018 0.00019
MnO * 0.143 0.0001  0.0004 0. 065 0.0001  0.0001 0.036 -0.00001 0.0001 0.002 -0.00002 0.00004
K,0" 2.53  -0.00001 0.0037 0.099 0.00005 0.0001 0.479  -0.0008 0.0015 | 0.172 0.0001  0.0002
Na, 0~ 0.431 0.0005 0.0010 0.093 -0.00001 0.0002 0.274 0.0003  0.0009 0.1 -0.0001  0.0003
Sr0* 0.255 0.00012 0.00014 | 0.054 0.00001 0.0001 0.096 0.00004 0.0002 0.054 0.0001  0.0002
S* 0.454 -0.0007 0.0033 0.04 0.0002 0.0003 0.138 0.0005 0.0018 0.048 0.0002  0.0004
F* 0.58 -0.0002 0.0008 1.78 0.0023  0.0044 2.53 0.0016  0.0093 3.13 0.0051  0.0104
U 2.19 -0.0001 0.0044 11.7 0.0058 0.0336 15.6  -0.0003 0.0014 6.09 0.0001  0.0029
La 224 0.1390 0.2622 191 0.1094  0.1862 49.3 0.0900 0.1412 16.6 0.0101  0.0162
Ce 526 0.1347  0.3563 103 -0.0322  0.1004 40.2 -0.0694 0.1014 13.6 -0.0116  0.0127
Pr 73.6 0.0264 0.0514 30.4 0.0113  0.0586 8.1 -0.0022 0.0178 2.57 0.0035  0.0078
Nd 337 0.0381  0.2649 136 -0.0622 0.0880 33.3 0.0057 0.0331 11.6 0.0123  0.0296
Sm 57.3 -0.0216 0.1476 24.2  -0.0001 0.0311 6.1 0.0012 0.0137 2.09 -0.0002 0.0033
Gd 41.5 -0.0086 0.0945 28.4 -0.0243 0.0857 7.17 -0.0006 0.0238 2.02 0.0005  0.0016
Dy 19.2  -0.0125 0.0577 27.4  -0.0390 0.0618 7.49 0.0066 0.0261 1.95 0.0008  0.0059
Y 64.6 0.0486 0.1238 294 0.0354  0.1979 90.7 -0.1026 0.1669 14.7 -0.0177  0.0544

T A« T BT RIS T AL 10 77 AR S I i S A 10 76
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Table 5  Analytical methods of elements in phosphate rock
samples
TTH AR IWIRS TTE VARIWIRES
La ICP - MS Si0, GR,COV,COL,ICP - OES
Ce ICP - MS Al O, COV,COL,ICP - OES
Pr ICP - MS TFe,0; COV,COL,ICP - OES,FAAS
Nd ICP - MS MgO COV, ICP - OES,FAAS
Sm ICP - MS Ca0O COV,ICP - OES
Eu ICP - MS Na, O ICP - OES,FAAS
Gd ICP - MS K,O ICP - OES,FAAS
Th ICP - MS TiO, ICP - OES, COL
Dy ICP - MS MnO  ICP - MS,ICP - OES,FAAS
Ho ICP - MS P, 05 GR,COV,COL,ICP - OES
Er ICP - MS SrO ICP - MS, ICP - OES
Tm ICP - MS BaO ICP - MS, ICP - OES
Yb ICP - MS v ICP - MS, ICP - OES
Lu ICP - MS Cd ICP - MS, GAAS
Y ICP - MS Pb ICP - MS, ICP - OES
1 ICP - MS,COL U ICP - MS, ICP - OES

As AFS F ISE,IC
Cr ICP - MS, ICP - OES CO, COV,CS
S COV,GR,CS

TE 1P — MS—HUEU & 45 2 TR B ; ICP — OES—HUBRE & %5 155
TR 5 s FAAS— O ST WO 5 s GAAS— A7 82
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Table 6

Certified values and expanded uncertainty of the

phosphate rock standard samples

) PRI BRI
TR
G-1 G-2 G-3 G-4
P,0s*  10.57+0.12 18.91£0.10 27.78+0.16  39.40 +0.22
Si0,*  29.70£0.20  2.92x0.13  10.64£0.20  1.55+0.07
TFe,0;*  15.32£0.18 0.705+0.015 0.548 +0.019 0.180 +0.01
Ca0*  24.13%0.2  41.4120.28 43.50+0.05  53.27 £0.40
Mg0*  6.68+0.1  10.10£0.14  3.49£0.07  0.437 £0.009
ALO,*  5.58+0.14 0.293£0.005 1.33x0.04 0.685x0.015
K,0*  2.490.05 0.099+0.003 0.513+0.017 0.156 +0.007
Na,0*  0.427£0.016 0.096+0.006 0.283+0.011 0.111 +0.006
Ti0,*  1.79£0.03  0.022£0.004 0.042+0.005 0.079 +0.004
MnO*  0.148£0.005 0.069 £0.003 0.034 £0.002 0.002 +0.001
F*  0.569+0.018 1.78+0.07 2.64+0.13  3.24:0.19
S*  0.438£0.040 -0.043  0.150£0.024 0.046 +0.008
€0,*  0.717+0.040 23.42£0.40  8.48=0.11 -1.53
S0*  0.252+0.005 0.055+0.002 0.091 +0.003 0.056 +0.002
As 0.58+0.06  12.2%0.5 12.4+0.5  1.72+0.15
Cr 28.5+1.3  7.50+0.80  23.7£0.9  20.4x1.6
I 0.27+0.02  1.80£0.22  22.1+0.8  0.94+0.16
Ba0 1024 +9 979 + 10 951 +13 29.7+1.2
v 3112 7.83:0.29  17.4£0.5 16.2+0.4
cd 0.29£0.03  0.280.03  0.130.01 -0.023
Pb 37.5+1.7 283 £9 58.3:1.9  6.48+0.50
U 2.17+0.13  12.3+0.4 16.3+0.5  6.51+0.18
La 24 +6 189 +3 49.7+1.9 16.3+0.6
Ce 51110 106 +2 43.2+1.5 13.4 +0.5
Pr 72.8:1.0  31.9£0.7  7.75:0.23  2.550.10
Nd 3335 139 +3 33.6£1.0 11.3£0.5
Sm 59.6+2.0  24.8:0.7  5.89:0.19  2.150.06
Eu 14.6+0.7  5.69+0.14  1.30£0.07  0.93 +0.04
Gd 41.3+1.5  27.3:1.2  7.10£0.40  2.13+0.03
Th 4.72£0.27  4.50£0.22  1.16+0.07  0.35+0.02
Dy 19.3+1.1 26.6+1.3  7.35:0.40  1.94+0.10
Ho 2.67+0.14  5.60£0.22  1.71£0.10  0.39£0.03
Fr 5.97+0.04  15.00.6  4.79+0.20  1.02+0.06
Tm 0.64£0.04  1.92£0.08  0.63£0.03  0.15%0.01
Yb 3.350.12  9.36+0.40  3.13%0.15  0.74£0.05
Lu 0.43£0.03  1.13£0.06  0.40£0.02  0.094 +0.007
Y 67.1+2.0 297 +7 94.2£2.0 15.5+0.7
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Preparation of Phosphate Ore Reference Materials for Chemical
Composition Analysis

ZENG Mei-yun, LIU Jin, SHAO Xin, ZOU Di-hua
( Wuhan Center of Geological Survey, China Geological Survey, Wuhan 430205, China)

Highlights
* The content range of four phosphorus reference materials cover four grade, and the content of rare earth

elements is high.
* Certified values of 37 components in phosphorus include major elements, rare earth elements and trace elements.

* The method of certified value, accuracy and uncertainty all achieve the same level of reference materials abroad.

Subpackage

Sample crushing Grain analysis in bottles

and homogeneity =>

initial inspection

Phosphate ore PTEE drum sealing

/ PO, SO, CaO, MgO, \ — Stability test

TFe,0O,, ALO,, TiO,, MnO,

K,0, Na,O, CO,, S, SrO, Certified values

BaO, F, I, V. As, Cd, Pb, = — Homogeneity test
Cr, U, La, Ce, Pr, Nd, Sm, Laboratorics
Eu, Gd, Tb, Dy, Ho, Er, collaborative

analysis

“m—

k Tm, Yb, Lu, Y j

Abstract; For the development and comprehensive utilization of phosphate ore it is not only necessary to analyze
the main elements such as phosphorus, but it is also necessary to determine accurately the rare earth, trace and
other elements. Phosphate Ore Reference Materials (PORMs) with numbers of components and suitable contents
can be used for quality control during analysis. However, available PORMs in China and abroad do no meet the
requirements in terms of the element contents and the content range. Four different types of PORMs have been
developed and are described in this study. The samples of phosphate ores were collected from the Zhangjiakou
Fanshan phosphate mine in Hebei province, Xinhua phosphate mine in Zhijin of Guizhou Province, Kunyang
phosphate mine in Yunnan Province, and Huolian phosphate mine in Shennongjia of Hubei Province. Zhangjiakou
Fanshan phosphate mine and Xinhua phosphate mine are rich in rare earth elements (REEs). Four samples were
homogeneous and stable. The results from 11 laboratories were combined to confirm certified values and uncertainty
of 37 components, which include major elements, REEs, and trace elements. Three components were taken as
reference values and the rest were characterized as certified values. The four PORMs cover a complete content
series from cut-off grade, production-grade, to phosphate concentrate with P, O, contents of 10.57% , 18.91% ,
27.78% and 39.40% , respectively, and the total REEs contents of 0. 16% , 0. 11% , 0.032% and 0. 0083% ,
respectively. The developed PORMs meet the requirements for exploration, evaluation, and comprehensive
utilization of phosphate ores.

Key words: phosphate ore; reference materials; uniformity; stability; certified values
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