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Table 1  Collection and preparation of candidates
RE R SRR 45 R it ) 5 A )
ey e (n=10) et (n=10)
Gy S Jigcis HLJE T SD IR | R HLJE . S piEs
T e | (e ! (k) | (k) | (pm) ! Of)
(%) (%) (%) (%)
MnBW -1 Y-Mn-1 145 1000 21.59 0.70 110 110 97 21.65 0.89 1006
Y-Mn-2 95 1000 41.34 0.50 55
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TE: D 1000 pm AR 5 25 R BARO BRI 22 5 @ 97 pm AHREI 5 25 2R T AR R bz 22 o

W00F @ | s gmsi 10
— ol | B ls =
S S
e &
L 60f 16 &
& giid
B& 40 14 K
=S &
& 20 F 42 &

0F 0

1 10 100
BEJEE (um)

10T O [ a2 ps 10
= s | BUEA |s ¢
g £
% 60| 16 &
& =
BR 40| {4 B
=S &
2 20 F 42 &

0Fr =4 0

1 10 100
BEJE (um)
Pl1 fEd (a) MnBW — 1 Fl(b) MnBW - 2 %)% 43Pl
Fig.1 Grain distribution curves of the candidates
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Table 2 Results of homogeneity test for the candidates

B it H Mn  MnO,  Si0, ALO, Fe Ca0 MO  K,0  Na,0  TiO, S P
X(x107%) 21.50 31.63 28.96 4.94 14.51 0.48  0.45 0.60 0.032 0.15 0.013 0.29

MnBW — 1 RSD(% ) .35 0.99 1.02 1.51 0.79 3.66 2.94 1.34 3.98 4.81 532 3.8
Foyepui 1.32  1.24 0.99 1.02 1.33 0.95 0.77 0.76 0.8 0.90 1.56  1.03
x(x1072) 41.41 15.02 15.16 0.92 0.62 3.62 2.01 0.018 0.23 0.050 0.25  0.18

MnBW -2 RSD(%) 0.45 1.8 0.78 5.04 2,92 1.72 2.8 6.44 4.65 580 4.75 8.19
Fyum 0.59 1.08 1.06 0.90 0.92 1.09 0.60 1.37 0.4l 0.64 0.94 1.22

FE i i it H Cu Ni Zn Ph Cd Cr Hg Co As Cl F
x(x107%) 165 1075 514 46.8  13.9 226 0.60 176 130 36. 1 249

MnBW — 1 RSD(% ) 1.96 1.48 2.81  4.57 1.95 3.81 431 273 2.60 4.94  3.54

F oy 1.33 1.34 0.68 0.82 1.01 0.76 0.85 1.57 0.63 0.72 1.05

x(x107%) 196 31.0 28.8 17.0 0.21 61.7 0.035 13.7 129 1214 401

MnBW -2 RSD(% ) 2.28 3.16 4.05 7.26 6.40 3.01 5.30 2.33 2.10 0.97 3.83
F oy 1.18 1.48 0.38 0.51 0.48 0.64 1.05 1.04 0.95 0.75 1.07
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Table 3 Results of long — term stability test for the candidates

£ MoBW — 1 £ 5% MnBW —2
Aoy =
x( x1072) RSD( % ) by ty.0s X s(by) x( x1072) RSD(% ) b, to.05 Xs(by)
Mn 21.46 0.64 -0.02322 0.03081 41.59 0.10 —-0.00278 0.01577
MnO, 31.67 0.45 0. 00095 0.05447 14.99 0.95 —-0.00546 0.05335
Si0, 28.96 0.089 0.00236 0. 00882 15.16 0.36 -0.00185 0. 02049
AL, O 4.93 0.57 -0.00141 0.01032 0.94 1.11 0.00073 0.00370
Fe 14.62 0.24 -0.00633 0.00693 0.64 1.50 0.00089 0.00322
CaO 0.48 0.74 —-0.000054 0.00134 3.65 0.79 0.00089 0.01090
MgO 0.46 1.36 0.000021 0. 00240 1.99 0.93 0.00278 0. 00486
K,0 0.59 0.54 0.00042 0. 00094 0.018 2.21 —0.0000046 0.00015
Na, O 0.031 2.09 0.000012 0.00025 0.24 1.26 0.00018 0.00110
TiO, 0.15 2.87 0.00014 0.00162 0.050 2.62 —0.000060 0.00048
S 0.013 4.47 —-0.000073 0.00018 0.25 2.35 0.00051 0. 00206
P 0.29 1.75 0.00014 0.00188 0.18 2.52 0. 00052 0.00142
FE MnBW — 1 FE MnBW -2
W5y -
x(x107%) RSD(% ) b, to.05 Xs(by) x(x107%) RSD(% ) b, to.0s Xs(by)
Cu 166 1.09 -0.1180 0.6521 192 1.33 -0.2978 0. 8054
Ni 1077 0.26 —-0.3387 0. 8540 31.9 2.33 0. 0490 0.2670
Zn 519 0.59 -0.1845 1.1111 29.4 2.66 —-0.0942 0.2419
Pb 46.5 2.11 0.0771 0.3448 17.2 3.50 0.1034 0.1283
Cd 14.1 1.00 -0.0113 0.0492 0.21 1.92 —-0.00028 0.00144
Cr 226 1.32 0.4871 0. 6965 61.9 1.26 -0.0974 0.2378
Hg 0.59 0.81 0. 000655 0.00136 0.032 1.01 —0.000030 0.00011
Co 176 0.55 0.0354 0.3600 13.7 0.92 -0.0216 0.0271
As 130 0.88 -0.0390 0.4301 129 1.27 —-0.0544 0.6170
Cl 36.5 2.00 -0.1084 0.1923 1230 1.12 -1.8913 3.9344
F 249 0.92 -0.3201 0.6451 403 1.34 -0.7024 1.6043
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Table 4 Determination methods of components in certified reference materials for composition analysis of manganese ore

Hoy bAEE R M7 A0 Hor AEiE R MR T A0

Mn 10 VOL(8), ICP - OES(2) Cu 10 ICP - OES(4) , ICP - MS(6)
MnO, 9 VOL(9) Ni 10 ICP - OES(5), ICP - MS(5)
Si0, 10 GR(7), ICP - OES(1), XRF(2) Zn 9 ICP - OES(3) , ICP - MS(6)
A1, 0, 10 VOL(2), COL(1), ICP - OES(5), XRF(2) Pb 10 ICP - OES(1), ICP - MS(9)
Fe 10 VOL(2), ICP - OES(6), XRF(1), FSSA(1) cd 10 ICP - MS(10)

Ca0 10 ICP - OES(8) , FAAS(1), XRF(1) Co 10 ICP - OES(4), ICP - MS(6)
MgO 10 ICP - OES(8), FAAS(1), XRF(1) Cr 10 ICP - OES(7) , ICP - MS(3)
K,0 10 ICP - OES(8), FAAS(1), XRF(1) Hg 10 AFS(9) , FAAS(1)
Na, O 10 ICP - OES(8), FAAS(2) As 10 AFS(10)
TiO, 10 ICP - OES(8), COL(1), XRF(1) cl 10 COL(1), XRF(9)

P 10 ICP - OES(7), COL(2), XRF(1) F 10 ISE(10)

S 10 VOL(8), HCS(2)

{E: 1CP ~ OES—HUEAE 3 45 B TR SIHE I 5 ICP - MS—HLUBHE S 3 8 TR DTS IL ;. AFS—RT2O06I5 L ; FAAS— IR IR TR0 5

XRF—X JIFO0E ;. VOL—#hiik; COL—tEk; CR—E R ; HOS—RiBUiRER — LLAMRMOLIE S ; ISE— 8 Tk ik

KT S — PGS MR R R T S S AR I E B AR
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Table 5  Uncertainty statistics of certified reference materials for composition analysis of manganese ore
B MaBW — 1 BEH MnBW -2
Hoy
U ( X1072) 2y ( x1072) u (x1072) Uy ( X1072) |1 ( x1072) wy ( x1072)  u (x1072)  Ugpy ( x1072)
Mn 0.05951 0.07933 0.07569 0.25 0.1123 0.0383 0.0244 0.25
MnO, 0.09126 0.07459 0.07837 0.29 0.2750 0.0375 0.0769 .
Si0, 0.09798 0.05722 0.06175 0.26 0.0591 0.0141 0.0230 0.13
Al O 0.02076 0.00472 0.01658 0.06 0.0134 0.0091 0.0072 0.04
Fe 0.09012 0.03353 0.02663 0.20 0. 0080 0.0035 0.0062 0.03
CaO 0.01076 0.00338 0.00385 0.03 0.0284 0.0092 0.0158 0.07
MgO 0.00444 0.00264 0.00257 0.02 0.0081 0.0116 0.0131 0.04
K,0 0.00485 0.00160 0.00186 0.02 0.0011 0.00050 0.00043 0.003
Na, O 0.00178 0.00044 0.00048 0.004 0.0086 0.0023 0.0022 0.02
TiO, 0.00278 0.00284 0.00326 0.02 0. 00089 0.00059 0.00073 0.003
S 0.00013 0.00053 0.00032 0.002 0.0056 0.0032 0.0032 0.02
P 0. 00506 0. 00099 0.00231 0.02 0.0035 0.0033 0.0031 0.02
K MnBW — 1 i MnBW -2
Hay
U ( X107%) 1y (x107%) 0w ( x107%) Uy ( x1070) i, ( x107%) 1y, ( x107°) 0w ( x107%)  Uggy( x107°)
Cu 2.7295 0.8974 1.3742 7 2.6358 0.9302 1.9429 7
Ni 12.9093 4.4777 2.9923 28 1.3540 0.3211 0.5394 3.0
Zn 7.1592 2.9051 2.8455 17 1.0832 0.2446 0.6047 2.6
Pb 0.7789 0.4222 0.5435 2.1 0.4340 0.2535 0.4664 1.4
Cd 0.4105 0.01207 0.0876 0.9 0.0031 0.0028 0.0031 0.02
Cr 2.9547 1.7101 1.9615 8 3.5384 0.3757 0.4822 7.2
Hg 0.0142 0.00511 0.00543 0.04 0.0018 0.00022 0.00042 0.004
Co 3.8196 1.7021 0.9015 9 0.2748 0.03173 0.1339 0.7
As 2.9718 0.6847 0. 6864 7 1.9242 0.5267 0.6872 5
Cl 1.7164 0.3574 0.4233 3.7 25.8127 2.3417 8.6719 55
F 4.3435 1.0101 1.6828 10 4.2268 2.0363 3.7801 12
3.5 FrUEFIAGIE L RS M*ﬁﬁ’ﬁﬁmm @R & — e Ar ) 5T (CRM)
A2 AGED TR BRI bRAE G 6 A O s PO WO R R L 7.

FAMEES] T 6, RBEAN: BEARFHE +
P RATEE .,
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Ry REARC R/ I 15 2% , DRIE DIMVE S (5000 119
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AR UL S AT R it O P Bl R 7 L
HUMER MRS L30T PR AR R, o [
FAG MG BF Bl | b A A% P B AT
Qff TR AR B g ke AHE, it
EHIE R E R, QAN HRILE LK
A TEAR VT VB 12 O e I o D, PR B A o i £ T
P 0 B B (DB R 20 L B RN A ] 5
O Wi WA [ R GYvire & 2 V5 Py R 2
SRR AT K, BRI 728 IR 28 R
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Table 6 Standard values and uncertainties of certified reference

materials for composition analysis of manganese ore

R ARHEE (10 7%) PRIEERRTEHE( x 10 7)
49y il
MnBW -1 MnBW -2 MnBW -1 MnBW -2
Mn 21.63+0.25 41.55+0.25 || Cu 168 +7 196 +7
MnO,  31.60+0.29 (14.61) Ni 107528 30.9+3.0
5i0,  28.92+0.26 15.16 £0.13 || Zn 516 £17 31.3£2.6
ALO;  4.96+0.06 0.96 £0.04 Pb  45.2+2.1 16.8x1.4
Fe 14.48 £0.20  0.62£0.03 Cd  13.4+0.9 0.21+0.02
Ca0 0.47 +0.03 3.61 +0.07 Cr 230 +8 61.7+7.2
MgO 0.45+0.02 1.98 +0.04 Hg 0.61+0.04 0.035+0.004
K,0 0.60+£0.02 0.018 £0.003 || Co 176 +9 13.7+0.7
Na,0  0.032 £0.004  0.23+0.02 As 127 =7 130 +5
Ti0, 0.15+0.02 0.048+0.003 || CI  38.0+3.7 1214 £55
S 0.014 £0.002  0.24 £0.02 F 252 +10 408 +12
P 0.29 £0.02 0.18 £0.02
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Table 7 Comparison of analytical results and certified results of components in certified reference materials
s FRUEY) I FrifE(E S e a1 FrfEI I PR (E S E
iRz (x1072) (x1072) IS (x107%) (x107°)
GBW07261 45.39 45.50 45.18 . GBW07262 140 142 143
Mn GBW07264 25.00 25.09 24.97 Cu GBW07263 360 355 361
GBW07263 48.01 47.78 47.85 ) GBW07262 190 189 184
Mn0, GBWO07264 36.93 37.03 36.86 Ni GBW07263 990 1011 996
. GBW07261 16.16 16.06 16.20 GBW07262 290 302 285
Si0, GBW07262 22.24 22.15 22.03 Zn GBW07263 640 648 633
GBW07264 8.97 8.84 8.99 GBW07401 98 98.6 95.0
AL 0, GBWO07265 1.68 1.71 1.68 Pb GBW07402 20 21.1 18.0
GBW07263 11.24 11.25 11.40 ) GBW07401 4.3 4.4 4.2
Fe GBWO07265 1.40 1.32 1.41 Cd GBW0702 0.071 0.076  0.072
GBWO07261 1.06 1.03 1.08 GBW07401 62 63.8 63.3
€a0 GBW07262 3.60 3.51 3.71 Cr GBWO07404 370 376 378
GBW07261 0.64 0.64 0.65 GBW07404 0.59 0.59 0.59
Mg GBW07262 1.44 1.47 1.45 He GBW07456 0.116 0.116  0.121
GBWO07261 1.00 0.98 1.01 GBW07404 22 21.5 22.5
k.0 GBW07262 0.46 0.45 0.48 Co GBW07407 97 102 98
GBWO07261 0.044 0.044 0.045 GBWO07311 188 190 188
Na,0 GBW07262 0.048 0.049 0.050 As GBWO07312 115 112 112
) GBWO07261 0.063 0. 060 0.067 GBW07401 70 72 68.3
Tio, GBW07262 0.10 0. 106 0.11 cl GBW07452 6300 6239 6300
S GBW07265 0.21 0.21 0.22
CRWO7266 0.27 0.20 0.27 . GBW07403 246 237 249
GBW07263 0.207 0.20 0.21 CBWO7407 321 332 316
P GBWO07264 0.275 0.27 0.28
4 i AR HE 5 VR A0F 9 0 o £ 5 o 4 2 25 A 2

AU B AEY) BT (S5 : GBWO7139 |
GBWO7140) 3% FH HE R 78 4= Ak S 000 AR TR Al PR B 0
2 FhETUEEH™ 730 ] £ T 1, kL E 34 50 1 AR 2
PR B 249 475 4 MLYE JIF 1006—94 1 DZ/T 0130—
2006 3R, HEREEHE 10 K EA GBI FE
SR 1)L = PME A, # BRELYE JJF 1343—2012
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FE A A A FHICESE 23 MR S %
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R R EARSEIZ NS R B R
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Hr Mn ,MnO, ,SiO, ,AlL, O, .Fe ,CaO MgO .K,0 Na,O .
Ti0, .S .P.Cu.Co.Zn Ni Pb Cd . Hg.Cr As Cl.F 3t
23 BT (B . TR, SR 38 A M A 0 R
RS 360 0 2 L R T 5 | AR 8 B T B4 b AN
B B, AR IR AN AR, B e Tt o
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Preparation of Standard Material for Composition Analysis of Manganese
Ore

WANG Ganzhen', PENG Jun'® | LI Li*, QIN Yi', CAO Jian', TIAN Zongping'
(1. Hunan Province Geological Testing Institute, Changsha 410007, China;
2. Testing Centre of No.5 Team, Hunan Bureau of Nonferrous Geological Exploration, Jishou 416007, China)

HIGHLIGHTS

(1) The manganese ores of accumulation — type manganese oxide and sedimentary manganese carbonate ore deposit
were used as candidates, ensuring the representability that there were 9 kinds of manganese minerals and 8
kinds of associated minerals in the standard materials.

(2) The content of 23 components such as mineralization elements, gangue main components and harmful elements
in manganese ore was determined, and the values of Cl, ', As, Pb, Cd, Cr, Co, and Hg in manganese ore
were determined for the first time.

(3) The reference materials of manganese ore can provide technical support for geological exploration evaluation,
comprehensive utilization research, import trade evaluation, environmental monitoring and evaluation, and

quality assurance of experimental testing of manganese ore.

ABSTRACT

BACKGROUND: The toxic and hazardous elements in manganese ore not only affect manganese purification,
production environment and product quality, but have also always been a technical problem in the manganese
industry and particularly in experimental testing. At present, there are a total of 10 existing manganese ore
composition analysis standard materials in the world, all of which lack the certified values of harmful components
such as Cl, F, Co, Cr, Hg and As. Therefore, they do not meet the needs of manganese purification research,
environmental monitoring, manganese ore import and detection method research.

OBJECTIVES; To prepare manganese ore composition analysis standard materials with quantitative values for Cl,
F, As, Pb, Cd, Cr and Hg.

METHODS ; Two certified chemical composition reference materials of manganese ore (GBW07139, GBW07140)
were prepared by collecting samples from 3 large — scale manganese mining areas in Hunan Province and Xinjiang
Autonomous Region. According to the type of deposit, all the samples passed the 97um standard sieve and the
initial uniformity inspection, and were packed into the smallest packaging unit individually or in combination.
RESULTS:: For the uniformity test of randomly selected 2 x 30 bottles, the measured values of F' were all less than
Fy05(29,60) =1.59, and the relative standard deviation was between 0. 45% and 6. 44% , indicating good
uniformity of the samples. The long — term stability/short — term stability test was carried out within one year, and
the linear model/average consistency data showed no significant difference, indicating good stability of samples.
Ten laboratories participated in the collaborative certified value research, which included 23 components such as
Mn, MnO,, SiO,, Al,O,, Fe, CaO, MgO, K,O, Na,O, TiO,, S, P, Cu, Co, Zn, Ni, Pb, Cd, Hg, Cr, As, Cl
and F. In the two manganese ore composition analysis standard materials, the mass fractions of Mn were 21.63%
and 41.55% , Cl were 38 x 10 ° and 1214 x 10 "°, Ni were 1075 x 10 "® and 30.9 x 10 ™°, respectively.
CONCLUSIONS:: This batch of manganese ore composition analysis standard materials contain certified values of
Cl, F, Pb, Cd, Cr, Co, Hg and As, and is suitable for quality control of manganese — related analysis and testing.

KEY WORDS: manganese ore; component analysis; reference material ; certified value; chlorine
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