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ABSTRACT | Advantages of X-Ray Fluorescence Spectrometry Importance of standards
Elemental analysis of rock, minerals and ores using X-ray spectrometry is The need for good standards is often underestimated and the Solution to these difficulties:

| regarded as one of the most powerful tools for the mining and industrial 1ahil : RN B o f svntheti rs with known lute concentrations
X-ray fluorescence (XRF) spectrometry has always been considered to ' o mi%\erals industries. i ’ availability of good standards for the- Callbratlf)n >INy eaEs g?ses.c?lvzywﬁthe?lilgcr)n\/\;(’:gr?a\INIcI)t fusi%vr\wl tc?lgf/c;rtét)me mineralcl> ical and
be a comparative method of analysis. Reference materials are required A the bottleneck for accurate and precise analysis. article size effects g °
to calibrate the analytical system. This work describes the use of a set of 6 e S e Fast, high throughput " - - - i
'synthetic’ oxide st_andards, made from CommerCIa_IIy avallab_le hlgh_ purity [ * Precise and accurate analysis -(I-I;?\;Ij |;c |or_1tz:I1‘IIy: X.TF speitrortne:ccre]rs aretgallbrateclzl uslll:\hg referli_nce m?.t)e”f.ls Fusion of synthetic pure chemicals results in the ‘perfect’ standards:
compounds, to calibrate a spectrometer for 21 major and minor oxides. The s . ‘ e Broad range of elements (Be-U) tsh W S|m|| atr matrix _c]z_ © ;Otuh ne sa?lmg_l_ets. fihresu_ Ir;g -4 It radlor(;s . ® One single calibration is valid for a wide variety of geological sample types
spectrometer software uses simple method_s of back_ground correction, ar_md AAEEY IS F e Traces, minor and major elemental concentrations are then sample-type specitic an € avallabllity oT ThEse In-type standaras 15— o~y centrations are traceable back to pure chemicals
a fundamental parameter method of matrix correction. Sample preparation e . e Hazard-free sample preparation ofter_\ limited. The_ composition of an RM is determinec bY averaging _analyses * Constituents can be chosen, free from interfering elements
is by fusion in 66% lithium tetraborate, 34% lithium metaborate. The E e No time-consuming chemical methods obtained by multiple techniques (ICP, INAA, AA etc.) and is by definition
use of synthetic standards, made from traceable compounds, brings XRF e~ | . e Different sample types: se_co.ndary. - In this work we describe and evaluate the use of synthetic standards for the
significantly closer to being a primary rather than a comparative method. SRSt Sl ~ solid pieces Difficulties with in-type RMs: analysis of oxides across a wide concentration range in different types of
Reference materials were used to validate the method described and | o | = . _ Pressed powders * In-type standards are scarce and expensive geological material on a WDXRF spectrometer. Validation data from these
examples of accuracy for major constituents are given using ores and other - | - Loose powders * Mineralogical and particle-size effects in pressed powders have a negative synthetic standards compared to Reference Materials of different geological
minerals. This method has successfully been used to analyze a wide variety - Granules impact on the reliability of the calibration type materials is presented.

of minerals and ores, as the validation data shows. A titanium process
example clearly shows the benefits of highest accuracy analysis.

- Filters and more...  Multiple calibrations are needed

General Accuracy

Na,O (wt %) MgO (wt %) ALO3 (wt %) Si0, (Wt %) P.O, (Wt %) S0, (Wt %) b dard
. . . . R | _ . ] o Cert. Meas. Cert. Meas. Cert. Meas. Cert. Meas. Cert. Meas. Cert. Meas. S nt EtiC Stan argas in raCtice - Titanium rOCESSin
All analyses were carried out using a 2.4 kW Axios-Minerals WDXRF _ Several Reference Materials (RMs) of widely varying composition and scra Il Frotanate — oo o oo o o T}f:e tanium enrichmeﬁt DrOCess generatefseveral Igy—products Some of
spectrometer (PANalytical). — sample type, were analysed using the WROXI calibration. The measured SEITED gk B 72 B 72 EEEEEN 1460 RN 1230 JEEREN 040 N . : . ' :
P ( y ) concpentr);lzions were co¥n ared t?) the values on the certificates. An overview BCS176/2 |Manganese Ore 011 043 004 003 520 529 253 259 020 020 004 0.4 these have commercial value, others do not. A wide variety of materials
] ] ] ) _ _ P _ _ R BCS276  |Silica Brick 0.06 0.06 0.06 0.04 0.85 0.89 9590  96.08 0.03 0.01 0.14 need to be analyzed during the process. Minerals such as zircon (erio4)’
Ana|y5|s Of majors and MIiNo¥rsS graph Is shown In flgure 1, |IIustrat|ng the excellent correlation. More BCS348  |Ball Clay 0.34 0.34 0.31 029 3159 3144 5113 5091 0.07 0.08 0.13 sillimanite (Al SiO ) spinel (MgAl o ) and quartz (SIO ) are analyzed
detailed Va|idati0n data are given in .ﬁgure ZA'F BCS370 Magnesite 0.06 0.02 61.8 62.48 12.3 12.38 3.01 2.96 . 2 /1 . 24 . ) 2. .
BCS393  [Limestone 0.05 0.00 0.15 0.15 0.12 0.16 0.70 0.68 0.01 0.01 0.02 0.10 alongside reqular raw materials for TiO, or Ti production: slags, coals
: 9 9 > P 95, '
The setup Data handllng BCS394  [Bauxite 002 004 012 013 8880 8874 498 494 022 023 0.13 rutiles and ilmenites. for example. Figure 3 shows the validation of the
: : : : : : FER-1 Iron Ore 001 001 028 025 050 054 1692 1684 244 245 062 051 _ ! _ _ _
e Oxides covered and their concentration ranges are given in table 1. e The SuperQ soft_vvare contains a Fundamental Parameter (FP) method to 03105 |Cunsom e . B synthetic standards by Rio Tinto Fer & Titane.
e The standards are made from hlgh purity compounds and chosen so that correct for matrix effects. 100 20 : Soil 007 007 026 020 2926 2940 3269 3256 026 027 006  0.14 30
they are free from line-overlaps. e The analytical range can be extended outside the calibrated concentration 10010005 A oo B Gabdbm U I N I I N I I ) — Theory
: = 1.001x-0. A Lead-Barium Glass [ 5.85 . 04 N 17 515  65.1 . . . . ] |
e The set comprises 20 standards for range bracketed by the standards as a result of the FP-model and the S g0 | Rz 1000 s - N1ST18808 | Coment oo I B - I - I 0 B O 70 L 09877+ 0022 B Tio2
the anaIySiS Of 21 OXideS' = excellent Ilnearlty Of the XRF_SpeCtrOmeter' g -E CRM Type KZO (wt %) CaO (wt %) TIO2 (wt %) CI’203 (wt %) Mn304 (wt %) Fe203 (wt %) °\-|§60 7 R* =0.9999 ® FeTotal ) ) ]
e The set-up suite contains an D 60 k5 Cert. | Meas. | Cert. | Meas. | Cert. | Meas. | Cert. | Meas. | Cert. | Meas. | Cert. | Meas. = O Al203 ’;{’97_“[ e3. 307_39?’ R’OfT’”t‘:hF etr
PR - 0 7 S 20 BCR32  [Phosphate 0.08 5176 5146 003 003 004 004 000 001 023 024 S 50 - A CaO ftahe. Vallaation or Synthetic
application template _and _a WROXI Standards: oxides and their concentration ranges (wt %) g . 2 B == B - 0 I B I B z \ sgandards b}; e;(terrllal sthdards
standards concentration file. mmmmmmm - E BCS176/2 Manganese Ore 130 126 009 013 030 028 0.1 0.01 6591 6584 981  10.06 < 40 - Mgo g Ar;/\n;rggr(im%m% 732'; 3’68539
. . '®) o o 3 ,
e The set is developed by PANaIytlcaI 0 58 0-78 0-78 0 - 80 < 0 g_)N 10 BCS276 |Silica Brick 014 012 175 170 047 016 002 002 016 016 079  0.78 -c;: W P205 (zircon) in the analysis of the
: . . o BCS348  [Ball Clay 233 223 017 018 108  1.08 016 0.1 0.00  1.04  1.05 S 30 A Mn304 | titani o
in cooperation with the British . S 'tanium oxide process.
T|(:)2 Vz() CI‘203 BCS370  [Magnesite 0.03 0.02 1.54 1.59 0.13 0.11 13.40 1353  0.12 0.12 7.23 7.18 2 . <
Geo|ogica| Survey. 0 0 BCS393  [Limestone 002 001 5540 5613 001 001 000 000 001 001 005 006 220 2102
e The standard Ik J d O 80 0-40 0-10 0-10 0 - 81 0 20 40 60 80 100 0 10 20 30 40 BCS394  |Bauxite 002 002 008 010 311 309 008 008 0.00 190  1.92 B Cr203
. . 2 ™3 25
nltrogen in bottles and have to be GBW03109 |Gypsum 0.02 0.01 40.70  41.95 0.00 0.00 0.00 0.00 0.02 0.03
: 5 : : 0
f rdin h nd-user’s 0-10 0-20 0-43 0 43 0-10 20 Soil 0.20 0.19 0.16 0.14 3.37 3.36 0.06 0.06 0.25 0.26 18.76  19.02 . . . . . .
us_ed accc? d J to the end-u Table 1. The 21 oxides present in WROXI and their calibrated concentration ranges y =1.002x-0.001 C y =0.998x-0.010 D : Gabbro 0.18 0.18 1470 1483  3.77 3.77 0.06 0.07 0.18 0.19 1794  18.14 0 10 20 30 40 50 60 70 80
fusion recipe. R2=160200 2 ﬁ2=‘1)-19299 PRI Cel 840 (BN8MON| 021 ORI 001 |07 0001 010 009 005 0.6 Certified (wt%)
R 15 = X - 092 092 6383 6423 025 026 001 000 012 012 281 280
_i E 3 Table 2. Analytical accuracy: comparison of certified and measured values for twelve major and minor oxides in C I :
Sample preparation and measurement of standards and routine samples S 10 5 fourteen RMs of various types onciusion
8 8 4 20
£ s :
f; - 100 Data presented here supports the successful synthesis and use of a well-
B < =1 00 | %ol (1) gggg‘) 006 selected set of synthetic standards. The WROXI standards correlated well
B o ——— with all different Reference Materials tested over a wide concentration
o " : . o o 0 1 ; : ; : E 80 range._The fact that WROXI standards are c_hemlcally pure and_traceable
T K,O (certified wt %) TiO, (certified wt %) = 70 - offers Important support for compllance with company operating
, 100 100 S procedures and relevant legislation.
| f o i -
IE y =0.994x-0.001 E y =1.011x-0.052 F = 00 Thegry
: | S R?=1.000 = go | | R?=1.000 < @ Na
Preparation of standards and sample mix _ £ 80 n =110 o n =114 S 50 - ® MgzO
1 g sample _— S
. ks o o 40 - B ALO
+ 40 mm diameter = 60 o 60 = 273 References
10 g flux (66% lithium tetraborate, fused beads 37 mm szf\mple cup 7 > > & SiO, _ _
34% lithium metaborate) % with inserts e S 1o S 30 - L a0 Giles, H.l., Hurley, PW. and Webster, H. W. M., 1995, Simple approach to
! . . Casting 8 seconds for PbO to o =~ = . the analysis of oxides, silicates and carbonates using X-ray fluorescence
15-200 mg of Lil (releasing agent) 72 seconds for Na.O o O 20 - m TO, ]
| ona2d kW S 5 ¢ 20 A MnO spectrometry, X-ray spectrometry, Vol 24, 205, 218, John Wiley and sons, Ltd.
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Th e An a Iyti c a I X r ay C o m p a n y Figure 2. Accuracy verification: comparison of certified and measured values for the WROXI standards (A) and a large Figure 1. Accuracy overview: comparison of certified and measured values for 8 oxides in the wide variety of RMs PA a y t I c a

number (n) of RMs (®). The regression values y, x and R2 are for the RMs only listed in Table 2



