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Table 1 Basic characteristics of collected ilmenite candidates
w/ % T
FE g5 il -
TiO, TFe m/kg
TTK -1 JEA” 8.96 19.23 120
TTK -2 A 2.97 18.88 120
TTK -3 JRw 12.90 51.30 120
TTK -4 AR 19.76 37.81 120
TTK -5 N 16.09 27.10 120
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Fig.1 Grain distribution curves
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ARYR ¥ 5] B A 56 BURE £ O 100 mg, ] ICP -
MS \ICP - AES 310 & 15 T, 4 7 A0 A F 52
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SR RPRE AT R AR E A A RS E A A
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Table 2 The analytical results of homogeneity test
e, . w/% w/(pg - g™")
el
G ALO; a0 MgO0 MnO TFe TiO, Ba Ce Co La Sr Th v Zn Zr
SEXgME 5.22 13.76  8.77  0.32 19.21 8.94 64.1 67.6 91.1 27.7 333 2.11 687 262 270
TTK-1 RSD/% 0.8 1.1 1.0 0.8 0.6 1.1 1.8 1.9 3.4 1.7 0.9 2.1 1.1 0.9 3.0
F 1.36 0.8 1.20 1.54 1.13 1.31 1.47 0.80 0.99 0.90 1.63 0.73 1.35 1.63 1.09
SEYgE 4.22 3.86  19.29 0.28 19.03 2.94 15.1 14.1 108 3.82 60.6 2.51 307 391 139
TTK-2 RSD/% 1.0 1.4 0.9 1.0 0.7 1.1 2.5 3.1 1.8 2.5 1.0 2.5 1.2 1.2 4.3
F 1.02  0.82 1.62 0.91 1.27 1.41 0.91 1.01 0.79 0.75 0.90 1.10 1.16 0.88 0.99
SEHME 6.66 0.95  3.00 0.24 51.38 13.01 37.7  3.56 235 1.40 47.1 0.06 3241 507 15.9
TTK-3 RSD/% 1.2 1.5 1.2 1.3 0.6 1.2 3.9 4.2 2.0 3.4 1.3 4.5 1.3 1.1 3.8
F 0.80 1.19 1.01 1.55 0.76  1.07 0.83 1.24 0.95 0.72 1.16 1.10 1.36 1.39 0.81
SFEHME o 2.21 0 6.75  2.86  0.61 37.92 19.98 58.3 86.6 56.8 31.8 316 2.42 1330 165 248
TTK -4 RSD/% 1.8 0.7 1.1 1.0 0.4 0.6 2.6 2.6 2.5 2.0 1.0 2.3 1.2 2.2 4.0
F 0.83 1.59 1.40 1.40 1.18 1.14 1.48 1.19 1.38 1.48 1.34  1.30 0.91 1.31 1.00
SEHE 3.62 10.37  5.78  0.52 27.10 16.14 59.5 86.2 71.0 35.0 354 2.21 924 206 257
TTK-5 RSD/% 1.4 1.5 1.5 1.4 0.7 1.4 4.5 2.0 2.1 1.9 1.5 2.3 1.3 2.6 2.4
F 1.07 0.75 1.05 0.90 0.58 0.79 1.56 1.31 1.60 1.04 1.07 1.50 0.91 0.85 1.08
X} TiO, \TFe .FeO ,Al, 0, ,CaO ,MgO .MnO .V, Co.Sr, 3 HREREN FeO Fae PR
La Ce ZE 4 AT 5 , & 6 WA A I 8] 19 - 45 Table 3  Effect of baking temperature on the stability of FeO
{EL R ARAEG 22 Bt o SRR P BI(E 1R IE e w(FeO) /%
N y 3 HE T - ~ ~ ~ ~
T AT BT IR 15 2 R (B AN 080 2 S B oY, O L A% il 40C  e0C 80T 105
gﬂﬁﬂg%ﬂ,%{ ‘ ’31 ‘ < t(0.95,n—2) . S(Bl ) , T{ﬁg{ﬂ\?ﬁ%ﬂﬁ TTK -3 30. 05 30. 14 30.07 30.03 30. 18
S N N — TTK -4 25.09 25.21 25.18 25.16 25.18
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Table 4  Analytical methods of elements in ilmenite

el SrHIE el SE
T T
$i0, GR, VOL Ph ICP - MS,ICP - AES
A0, VOL,ICP - AES, COL,VOL,ICP - AES,
COL,XRF,NAA ICP - MS,NAA
Fe,0;  VOL,ICP - AES,NAA St ICP-MS,ICP - AES,XRF
FeO VOL, COL Th ICP - MS,NAA
K,0  ICP - AES,NAA,AAS U ICP - MS,NAA
Na,0  ICP - AES,NAA,AAS Rb ICP - MS
Ca0 VOL,ICP - AES, AAS Zn ICP - MS,ICP - AES,AAS,NAA
MO VOL,ICP - AES,AAS Ir ICP - NS
P,05 COL,ICP - AES Y ICP - MS
MnO  ICP - AES,NAA,AAS,COL | la ICP - MS,NAA
Ti0, COL,VOL,ICP - AES,XRF,NAA || Ce ICP - MS,NAA
Co, VOL Pr ICP - NS
S VoL Nd ICP - MS,NAA
As AFS,ICP - MS,NAA Sm ICP - MS,NAA
Ba ICP - AES, ICP - MS Eu ICP - MS,NAA
Cd ICP - MS, GAAS Gd ICP - NS
Co  ICP—MS,ICP - AES,AAS,NAA || Th ICP - MS,NAA
ICP - AES, COL, ICP - MS
tr AAS ,’NAA ke | 1P =05
Cu  ICP—AES,ICP-MS,AAS | Ho ICP - NS
Ga ICP - MS,NAA Er ICP - MS
Li ICP - MS Tm ICP - MS
Nb ICP - MS, XRF, Y ICP - MS,NAA
Ni  ICP—AES,ICP - MS,AAS,NAA || Tu ICP - MS

: CR—E 5 VOL—4 i i ICP — AES—HLRHE & 56 55 1R R Sk ik
COL— b a3k ; XRF—X G5t i i s NAA—rh 1§ 46 43 s AAS—
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Table 5  Standard value and uncertainty of ilmenite standard
materials
B w/%
JLH
TTK -1 TTK -2 TTK -3 TTK -4 TTK -5

ALO; 5.19£0.22 4.23+0.08 6.73+0.16 2.21 £0.08 3.68 0. 14
Ca0 13.86+0.0.68 3.86 +£0.28 0.98 +0.18 6.69 +0.42 10.32 +£0.60
CO, 0.50+0.04 0.15£0.04 1.240.10 0.15+0.02 0.32+0.04
FeO 15.60+0.72 11.17 £0.42 29.65 £0.42 24.88 +0.22 20.53 +0.44
K0 0.23£0.02 0.021 £0.002 0.030 £0.002 0.17 £0.02 0.21 £0.02
MgO 8.79+0.60 19.40+1.14 3.05+0.14 2.88+0.12 5.78+0.28
MnO 0.32+0.01 0.28+0.01 0.24£0.01 0.62+0.02 0.53+0.01
Na,0 0.54+0.02 0.12£0.02 0.063 £0.006 0.39 £0.02 0.49 £0.02
P 0.22+0.02 0.089+0.002 0.043+0.004 0.25+0.02 0.26+0.02
S 0.25+0.02 0.012+0.002 0.28 £0.02 0.053 £0.002 0.15 +0.02

46 LALEkmz ek baif# it GBW 07224 F1 GBW 07226
HIEERFESR
Table 6 Comparison of analytical results of known vanadium-

titanium magnetite standard materials GBW 07224 and

GBW 07226
GBW 07224 GBW 07226

TORE W R FRERE W WM AR

(%) (%) s (%) (%) s
Al 0,4 8.24 8.26 0.03 5.13 5.11 0.02
Ca0 6.37 6.38 0.1 1.52 1.48 0.09
MgO 6.29 6.26 0.08 3.41 3.49 0.09
MnO 0.29 0.29 0.004 0.33 0.34 0.004

P 0.01 0.01 0. 0006 - - -
S 0.69 0.69 0.008 0.57 0.57 0.007

) Si0,  20.27 20.33 0.13 5.56 5.55 0.04
Si0, 33.46+0.16 37.85£0.22 2.57+0.10 14.22+0.06 24.02 +0.14 TFe .97 3.97 0.11 5069 50.81 0.15
TFe 19.23 +£0.50 18.88 £0.48 51.36 +0.94 37.87 +1.12 27.10 £1.42 Ti0,  10.66 10.63 0.08 12.36 12.34 0.08
Ti0, 8.96+0.16 2.95+0.22 12.91+0.42 19.83 +0.88 16.13 +0.46

1 GBW 07224 GBW 07226
~ wpg-g”) TE e o rREE W EE ERhE
TE AW pEE PRERZE O W PREE PR
TIK-1  TIK-2  TIK-3  TIK-4  TIK-5 (pe/e)  (pe/s) s (pe/s)  (pg/e) s

As  0.61+0.08 2.16+0.12 1.90+0.14 0.52+0.06 0.54+0.04 Co 181 180 10 203 200 10

Ba 71.0+3.2 15.0+£1.0 38.5+2.2 58.1+2.4 63.3+3.2 Cr 68 67 4 249 240 10
Cd  0.072+0.006 0.33+0.02 0.050+£0.011 0.063 £0.006 0.075 0. 006 Cu 197 200 10 204 210 20

Co 84.4+6.4 104 £ 14 236 +38 55.5+9.0 68.1+10.6 Ga 33.4 32 3 44 9 3

Cr 47.4 £2.6 916 £20 4199 +132 82.1+6.0 58.2+3.4 Ni 90.8 04 3 132 140 10
Cu 70.1%3.0 212 10 170 £8 40.5+2.4 49.6+3.6 v 1759 1753 50 3133 3126 50
Ga 30.3+0.8 17.9+1.0 55.4+1.8 31.8x1.2 29.0x1.0

Li 12.7+0.8 1.68+0.14 0.95+0.10 4.89+0.34 8.60 +0.40
Nb  30.0+1.8 14.5+1.2 4.25+0.46 49.1x2.4 44.2+1.8 N S .

18.88% ~51.30% ,E. N 2 — N SERE

Ni  91.2+5.0 700 £26 611 £24 52.6+2.4 68.9+3.0 ’/\ﬁﬁgl\i’ﬁ/&T ! %EE/J

Pbh 6.85+0.40 37116 7.58+0.60 6.70+0.86 6.72+0.38 ?ﬁﬂ o

Rb  7.28+0.48 0.65+0.12 0.35+0.04 4.92+0.28 6.38+0.60
Sr 334 +44 53.5+£9.6 47.0+8.6 308 +36 340 £42

Th 2.06+0.18 2.50+0.14 0.10+0.02 2.30+0.16 2.27+0.16
U  0.61+0.08 0.67+x0.08 0.029 +0.006 0.63 +0.06 0.64 +0.06

\ 681 +62 303 30 3326 £210 1326 +74 902 +70
Zn 267 +9 392 +6 493 +8 162 +8 212 +9
Zr 274 +14 147 +8 16.8 1.8 240 +6 266 +6
Y 21.5+0.6 12.3+0.4 1.52+0.16 22.8+0.6 23.3x0.6
La 28.2+3.0 3.71+0.48 1.36+0.22 32.6+2.4 32.8+3.0
Ce 72.1+£7.6 12.9x1.4 3.39x0.64 87.8+8.2 85.2+8.0
Pr 11.1+0.6 2.60+0.12 0.46+0.02 13.7+0.8 13.3+0.6
Nd 54.6+1.8 14.8+0.8 2.26+0.12 66.3+3.0 64.3+2.6
Sm 12.5+0.6 4.51+0.28 0.44+0.04 14.4+0.8 14.4+1.0

Eu 3.65+0.12 1.01+0.08 0.17+0.02 4.14+0.26 4.10+0.30
Gd  9.91+0.92 3.75£0.512 0.42+0.04 11.2+1.2 11.4+1.0
Th  1.43£0.10 0.62+0.06 0.056 +0.006 1.56 £0.06 1.62+0.08
Dy 6.49+0.16 3.26+0.10 0.28+0.02 7.05+0.18 7.14+0.12
Ho 0.97+0.04 0.53+0.04 0.051 +0.004 1.04 +0.04 1.07 £0.04
Er 2.18+0.10 1.22+0.06 0.14+0.02 2.28+0.12 2.32+0.08
Tm 0.24+0.02 0.16+0.02 0.022 +0.004 0.26 +0.02 0.28 £0.04
Yb 1.28+0.10 0.85+0.08 0.12+0.02 1.32+0.10 1.37+0.10
Lu 0.16+0.02 0.11+0.02 0.019+0.004 0.16£0.02 0.17 £0.02

BF R R A B A B B
BESISRRIE S AL BB I9R SN F RN T
I 61, BETRE LT BLF 025 53 RS RSE P A
RSt TR MRE PR, R LA B
S5 T HUTRE SR R, 4153 TE 7 i PEE A RIS
P L 0 1 22 5, R 8 B WV RE P 4
K.

R 11 SR A A AL AT VR 05500 %
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(a7 (1]
Table 7 Comparison of analytical results of known vanadium-
titanium magnetite standard materials GBW 07105 and [2]
GBW 07112
GBW 07105 GBW 07112
TR WM WM fERE WEE WEE ek D)
(%) (%) s (%) (%) s
ALO;  13.87 13.83  0.13 14.19 14. 14 0.3
Ca0  8.80 8.81 8.81 9.89 9.86 0.22 (4]
€O,  0.16 0.19 - 0.11 0.12 0.08
FeO  7.56 7.6 0.13 13.38 13.36 0.53
K0 234 232 0.06 015 015  0.02 (5]
MO 7.76 7.77 0.17 5.29 5.25 0.13
MnO  0.17 0.17 0.06 0.19 0.19 0.014 (6]
Na,0  3.37 3.38 0.05 2.16 2.11 0.05
P 0.4 0.41  0.012 0.01 0.01 0.004
TFe  9.36 9.37 0.19 1730 17.31 0.63
Ti0,  2.37 2.36 0.4 7.81 7.69 0.2 (7]
GBW 07105 GBW 07112
R WEE PREE R R PR R
(pe/s)  (pg/s) s (pg/s)  (pg/s) s [8]
As  0.68 0.7 - 0.21 0.21 0.19 (9]
Ba 532 526 26 82.6 86.2 9.2
cd  0.066  0.067  0.016 0.095 0.09 0.04
Co  46.7 46.5 3.4 9.3 93 5.2 [10]
Cr 134 134 11 14.5 14.5 4.7
Cu  46.6 48.6 3 31.8 28.3 2 (1]
Ga  25.1 24.8 0.9 2.5 23.7 3.6
Li 10 9.5 0.9 1.69 1.94 0.45
Nb 719 68 8 9.24 9.3 43
Ni 130 140 7 71.8 69 10 r12]
Ph 6.4 7 - 3.31 5.16 -
Rb  38.2 37 4 3.44 4.7 0.25
S 12 1100 35 622 612 61
Th 597 6 0.8 0.24 0.28 - [13]
U 1.45 1.4 0.3 0.11 0.09 -
v 171 167 11 755 768 4
n 156 150 10 127 118 11
I 281 277 20 25.5 29 16 [14]
Y 201 2 4 4.97 4.9 1.3
la 547 56 5 1.72 1.71 0.35
Ce 105 105 8 4.38 4.2 1.1
Pr 13 13.2 1.3 0.8 0.84 0.25 [15]
Nd 54 54 4 4.22 4.1 0.79
Sm 10.4 10.2 0.5 1.32 1.22 0.11
Fu 3.3 3.2 0.2 0.79 0.74 0.07
Gd 8.54 8.5 0.6 1.34 1.31 0.58 [16]
™ 121 1.2 0.2 0.22 0.2 0.07
Dy 573 5.6 0.3 1.24 111 0.32
Ho 0.9 0.88 0.04 0.22 0.2 0.02 [17]
Er  2.09 2 0.2 0.54 0.47 0.06
Tm  0.28 0.28 0.04 0.076 0.09 0.04 (18]
Yb  1.36 1.5 0.4 0.41 0.36 0.08
Lu  0.17 0.19 0.05 0.057 0.06 0.04
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Certified Reference Materials Preparation of Ilmenite Chemical Composition

HONG Fei'* | LIU Yao-hua'** |, LV Zhen-sheng'*, ZHAO Wei'”* , WANG Qing"”,
ZHANG Ying-ming'”

(1. Shandong Institute and Laboratory of Geological Sciences, Jinan 250013, China;

2. Key Laboratory of Geological Processes for Mineralization of Metal Minerals and

Resource Utilization in Shandong Province, Jinan 250013, China)

Abstract: At present, there are no ilmenite chemical composition certified reference materials, the closest being of
vanadium-titanium magnetite ore composition. Internationally, ilmenite standards consist mainly of ilmenite
concentrate , which is unsuitable for effective quality control. Therefore, there is an urgent need to develop ilmenite
chemical composition reference materials. Five certified chemical composition reference materials of ilmenite were
prepared by first collecting samples from Ju County and Yishui Changzhuang ilmenite mines in Shandong Province,
and Chengde Montenegro ilmenite mine in Hebei Province. The samples were ground to a particle size of less than
50 pm by using an advanced jet mill, and then loaded in a coulter-mixing machine for thorough mixing. Inductively
Coupled Plasma-Mass Spectrometry ( ICP-MS) and Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES) were conducted for homogeneity and stability testing. For the homogeneity test, the variance test F
value was less than the threshold, indicating a good homogeneity. After 18 months, six analysis results showed that
no significant statistical changes were found in the elements and components. The results demonstrate that the
samples have high uniformity and stability which meets the requirements for standard reference materials. Drying
temperature (20 — 60°C ) has no effect on the stability of FeO based on a ferrous experiment. According to
JJF 1343—2012 and standard material specifications, 11 qualified laboratories were selected to give certified values
and uncertainties of 46 elements, including major, trace and rare earth elements, by using the combination of
classical methods and modern instrumental technologies. More than two kinds of methods with different principles
were applied to yield accurate values. The content range of TiO, was 2.97% —19.76% , and the content range of
TFe was 18.88% —51.30% , which covered many variations of ilmenite ores in China. These reference materials
meet the requirements of ilmenite exploration, evaluation and development demand.

Key words: ilmenite; certified reference materials; uniformity; stability; certified values; uncertainty



