Estimation of the Regression Equation Based on the Pulp Density by
“AR-31-M” XRF Spectrometer

D. Altantsetseg, B. Batjargal, D. Otgonbaatar, G. Bolorchimeg
Erdenet Mining Corporation, Orkhon 61020

In 2014, a wavelength dispersive X-ray fluorescence spectrometer AR-31-M for industrial
technological control was installed in the X-Ray laboratory, Erdenet Mining Corporation which is one
of the biggest mining industries in Asia. In this work estimation of registration equation based on pulp

density by the XRF spectrometer, is presented.

A3uitH XaMI'uiiH TOM YyJ YypXaiH YHIABIPYYAUNRH HAT DPASHAT YyJbIH OaspKyynax YHIABIpUiH

Penrtren maboparopux 2014 oHx YHIIBIPHIAH TEXHOJOTHHH IPOIECCHIT XSHaX IOJTHOHBEI ypTaap

suragar peHtreH-¢guyopecuenuuitn AR-31-M cniektpomerpuiir cyypunyynacan. Dud axmwig AR-31-M

CIICKTPOMETPI3P 3ypral“I/II71H HATTA CyypujlacaH pereCCPIﬁH TATIIUTTAINAT COHTOCOH Tajxaap

OTYYJIH?.

PACS numbers: 78.70.En

I.  INTRODUCTION

Mongolian-Russian Erdenet Mining Corporation
(EMC) processed 32 million tons of ore, produced
650.0 thousand tons of copper concentrate and 4.5
thousand tons of molybdenum concentrate per year.

A XRF spectrometer AR-31-M for industrial
technological control was installed at the X-ray
laboratory of the EMC in 2014. Fully automated
analytical system (AR-31-M) with multi-purposes is
designed to determine chemical composition in pulp
by continuous X-ray fluorescence analysis. Mobile
measuring head with fixed spectrometer channels
(up to 8) and program-controlled processing of up to
15 flow cells per 30 minutes. Measurements of the
intensity are performed in four channels - Cu Ka, Fe
Ka, Mo Ka and incoherent scattered radiation line
from anode Pd Ka.

Operation of the analyzer carried at following
two basic modes:

- Cyclically mode - provides automatic
measurement for all points with cyclically mode in
accordance with a predetermined program

-Single command mode - provided one-time
testing of user commands for the organization of the
whole spectrometer.

The calibration process starts with collection of
samples from the analysis point, and the total
number of samples are taken at least 50 samples for
each product. These samples are assayed by a
chemical laboratory and then correlated with data
from the analyser. Calibration equations based on
this data are obtained and the analyser calculates
future elemental concentrations based on the
equations.

The main purpose of this study is to determine
the optimal regression equation based on the density
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of slurry stream (pulp). Regression results are then
compared and the best calibration equation is
chosen based on a comparison of the RMS error,
significance, correlation coefficient and the number
of terms used in the equation. General form of the
regression equation is written as:

For chemical elements:

Ci =2, + X aili + [ D aylj + Ip X ay];
For density:

1)

a a 1

the
mining plant. For grinding ore is used the steel
balls

EXPERIMENTAL

Figure 2: AR-31-M
Spectrometer

Figure 3: View of the
control stand
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Table 1. AP-31-M Spectrometer
Technical Specifications

B. Method of study to choice the best
regression equations

X-Ray tube Pd The calibration results were included in the
Detector Scintillation database configuration file.
counting
Correction Intensity Table 3. Chemical elements in copper
correction concentrate
Range defined chemical From Ca (20) to
elements U (92) Ne Cu Mo Fe A9
Determining a chemical element 8 1 22.82 0.079 27.24 23.25
at same time 2 24.8 0.23 26.56 23.67
Total number of analysis point 15 3 24.13 0.105 27.18 22.76
(sample) . 4 24.12 034 | 27.16 22.72
E“h”'.q”el?”.or(;/’b — 0.4 5 | 2286 | 01 272 22
etfc;[.lon. mit, % Yy WEIg t.In 1.10° .. 1.10 6 25.05 0.12 27.13 25
- solution: 5 B 7 2432 | 037 | 21.07 24
. . 5.10~...1.10
-slurries and suspensions: 8 21.27 0.18 27.38 23.29
Total power consumption, KW, | . 9 23.83 0.15 21.25 23.03
not more 10 20.15 0.17 27.29 20
Mean time analysis of each 40 11 22.61 0.25 27.12 23
sample, sec 12 20.74 0.069 27.5 20
Weight, kg 1500 13 20.2 0.076 26.24 20.36
Volume of the transported 6 14 24.02 0.077 27.45 23.96
samples, liter 15 21.1 0.059 27.5 22
Pressure compressed air, kPa 400-600 16 21.89 0.052 27.15 215
Power supply system, V 380 17 26.84 0.049 24.86 27.01
] ] ] 18 27.81 0.04 25.51 28
A. Sample preparation and calibration 19 25.08 0.099 27.42 24.9
The calibration process starts with collection of 20 19.58 0.12 27.3 19.94
samples from the analysis stream pulp. Option to 21 24.2 0.084 27.35 25.86
stream more than approximately 50 samples should 22 23.35 0.081 27.1 23.1
be collected. Turn pump each sample. Adjustment 23 2553 | 0092 | 27.36 17.5
depending on the capacity of the pump once used to 24 23.44 0.07 27.4 23.01
turn liquid sample size is different. (In our case, 4-5 25 24.8 013 | 2719 24.41
I) according to the following chart prepared 26 24.4 0.15 27.21 24.29
27 25 0.27 27.21 25.01

calibration samples analyzed.
Table 2. Condition

Method 1: Choice the equation based on the
following criteria F (Fisher) and P criteria. F criteria

1 Tlutbe 40kV to allow for the impact of all the independent
voltage variables elements. If F> Fy, (2.96) the equation if
5 | Tube 30 ; | significant. P statistical assumptions used to verify
current | mA Orec(fsgérta" the results of the sample function. If P = <a the
40 concentrate regression equation if significant. The chemical
3 | Exposure ' . . .
SEC | & | Product | molybdenum elements in copper concentrate is shown in the
type concentrate, following table. 4
Ener -
4 |In3y Ko CuMo tall,
copper bulk
c concentrate.
. u,
5 Chemical Mo,
element
Fe
Table. 4
SUMMARY OUTPUT
Regression Statistics ANOVA
Multiple R Adjusted | Standard | Obser- Regres- df s MS = Signifi-
R Square | R Square Error vations sion canceF
0.690515 | 0.47681 | 0.4558 1.5007 27 Residual 1 51.31 51.31 | 22.78 | 0.0044
Total 25 56.30 2.25
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Figure 4: Matrix of the elements

Ccy = —5.88 + 24.14 x CUKA + 65.51 * CUKA x AGKA — 5.41 x AGKA
0.06 + 2.86 * MOKA + 2.59 * MOKA * CUKA — 0.06 * AGKA
Cre = 6.49 + 13.96FEKA + 6.62FEKA x CUKA + 23.35AGKA

Cm

(o]

26 107.61
Coef- Standard Lower | Upper Lower Upper
ficients | Error | 'S8 | Pvalle | oge | 9506 | 9500 | 95.0%
Intercept | 9.28 2.08 3.11 0.004 3.13 15.43 3.13 15.43
Ag 0.61 0.12 4.77 0.01 0.35 0.87 0.35 0.87
o It can be concluded that the copper content in
z - = the copper concentrate depends only on the
i e \3“’\ // density.
Ol e | | 2 R | o T . .
- - — Method 2: Dependence Matrix Using
—— SR | —— program "Statistica" shows the matrix of the
RE | s I S Y | A elements. (Figure. 4)
B | [ B ] ' T Matrix of the elements can be concluded that
. U . the copper content in the copper concentrate
=== = = depends only on the density. According the
/ge/ EPCRREN. \ methodology the regression equation for the
T ~ | el copper concentrate is written as:

(3)
(4)
()

C;=355+1/2.71+ AGKA+1/1.30 * AGKA » AGKA — 5.85 * AGKA » CUKA (6)

Table 5. Chemical and laboratory assays for the calibration

Cu Cu Mo Mo Fe Fe Ag Ag
Neo (chemical) |(calculation)| (chemical) |(calculation)| (chemical) |(calculation)| (chemical) |(calculation)
1 22.82 23.11 0.079 0.077 27.24 26.95 25.25 23.63
2 24.8 25.2 0.23 0.24 26.56 26.50 23.67 23.31
3 24.13 23.72 0.105 0.109 27.18 27.13 22.76 22.67
4 24.12 23.91 0.34 0.345 27.16 26.93 22.72 23.63
5 22.86 23.09 0.1 0.10 27.2 26.58 16.01 15.64
6 25.05 24.42 0.12 0.13 27.13 26.70 15 15.45
7 24.32 23.92 0.37 0.356 27.07 26.53 14.91 15.08
8 21.27 21.41 0.18 0.18 27.38 27.03 23.29 23.74
9 23.83 23.23 0.15 0.15 27.25 26.93 23.03 23.42
10 20.15 19.82 0.17 0.15 27.29 27.09 27.06 26.60
11 20.74 20.27 0.069 0.067 27.5 26.89 24 23.63
12 20.2 21.01 0.076 0.074 26.24 27.62 35 34.91
13 24.02 23.32 0.077 0.086 27.45 26.32 16.78 17.69
14 21.1 20.83 0.059 0.062 27.5 26.89 325 32.38
15 21.89 22.77 0.052 0.058 27.15 27.80 34.73 34.91
16 27.81 28.37 0.04 0.038 25.51 25.90 29 28.66
17 19.58 20.21 0.12 0.12 27.3 27.03 14.94 14.48
18 23.35 22.94 0.081 0.067 27.1 27.31 23.1 23.09
19 25.53 24.35 0.092 0.070 27.36 27.22 17.5 17.63
20 23.44 23.41 0.07 0.065 27.4 27.10 19.08 18.35
21 24.8 24.67 0.13 0.12 27.19 27.13 1241 14.15
22 25 25.21 0.27 0.27 27.21 27.46 15 15.13
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Figure 5: Dependence of the intensities of
analyzed elements of the scattering intensity

The function J=f(Jscatt) allows to evaluate the
dependence of the intensities of the analyzed
elements on the intensity of the scattered
radiation.

I1l.  RESULTS AND DISCUSSION

The results of the AR-31-M were compared
with results of the chemical analysis and the
Quant’X, can be seen in Table 6. The results of
AR-31-M spectrometer were obtained by the
regression equations are shown in the histogram
(Figure 6-7).

. Lshift | 23.04 | 231 | 2357 | -0.06 | -0.53| -0.47
Table 6. Results of the Cu in copper o e s Tt a2 T o5 om0
concentrate (01-15 April 2015) ke : : L) O | el

3shift | 223 | 2234 | 2213 | -0.04 | 017 021

N = X 8 | 4ax| =8| x8 1shift | 2358 | 2353 | 2378 | 005 | -0.2 | -0.25

@ o = IS e | S| €

< ) ™ .
a) @ S g | £4S| Q2| S8 13| 2shift | 24.14 | 2421 | 2419 | -007 | -0.05| 0.02
& (o] o <O | 55| &6
3shift | 2305 | 2334 | 229 | -029 | 0.15| 0.44
1shift | 22.72 22.7 22.63 0.02 0.09 | 0.07 1shift | 23.34 23.18 23.07 0.16 0.27 | 0.11

1| 2shift | 2294 | 229 | 2267 | 004 | 027 023 14| 2shift | 2286 | 228 | 2261 | 006 | 0.25] 0.19
3shift | 2348 | 233 | 2329 | 018 | 019 001 3shift | 2331 | 23.03 | 2297 | 028 | 0.34| 0.06
lshift | 23.24 | 2344 | 2361 | -02 | -0.37| -0.17 1shift| 2291 | 22.81 | 2304 | 0.1 | -0.13] -0.23

2| 2shift | 2373 | 23.94 | 2415 | -0.21 | -0.42| -0.21 15| 2shift | 22.95 | 22.83 | 2249 | 012 | 046 | 0.34
3shift | 23.26 | 2352 | 2328 | -0.26 | -0.02| 0.24 3shift | 2398 | 2367 | 2381 | 031 | 017 -0.14
Lshift | 2352 | 2335 | 2334 | 017 | 018 001

3| 2shift| 2286 | 2301 | 2263 | -0.15 | 023 | 0.38 25
3shift | 2305 | 2288 | 2262 | 017 | 043 0.26
Lshift | 2351 | 2311 | 2315 | 04 | 036 | -0.04 24 x —

4| 2shift | 2283 | 2265 | 2276 | 018 | 007 | -0.11 o N A g 7 W

- v &
3shift | 22.61 | 22.63 | 2264 | -0.02 | -0.03| -0.01 g 23 7/—\% S

€ e W =
Tshift | 229 | 2272 | 2257 | 018 | 033 0.15 S @+ @AP31M

5| 2shift | 2294 | 22.84 | 2288 | 01 | 006 -0.04 22 ———

3shift | 2357 | 2383 | 2378 | -0.26 | -0.21| 0.05
Xumum
Lshift | 2293 | 23 | 2285 | -0.07 | 0.08| 0.15 AAtTTrr Ty s T r T I T T T T T T
- 1234567 8 91011121314151617181920

6| 2shift | 2302 | 2283 | 229 | 019 | 012 -0.07
3shift | 2367 | 236 | 2376 | 007 | -0.09| -0.16 SamipIcs
Lshift | 2355 | 2361 | 238 | -0.06 | -0.25| -0.19 Flgure.tﬁ tThe ng:olybderjum conterlmttln C]f’pﬁ?r

. concentrate. omparison results of the

7| 2shift | 2306 | 2318 | 2328 | -0.12 | -0.22| -0.1 :

- chemical, RSEL's and AP-31-M spectrometer
3shift | 2368 | 2331 | 2349 | 037 | 019 -0.18
Lshift | 22.84 | 2289 | 2321 | -0.05 | -0.37| -0.32

8| 2shift| 228 | 2274 | 2275 | 0.06 | 0.05 | -0.01
3shift | 21.68 | 21.73 | 21.77 | -0.05 | -0.09| -0.04
Lshift | 23.83 | 23.89 | 2393 | -0.06 | -0.1 | -0.04

9| 2shift| 236 | 238 | 2382 | -02 | -0.22| -0.02
3shift | 2247 | 2255 | 22.88 | -0.08 | -0.41| -0.33
Lshift | 2317 | 2328 | 2353 | -0.11 | -0.36| -0.25

10| 2shift | 2324 | 2314 | 2353 | 01 | -0.29| -0.39
3shift | 2231 | 224 | 2211 | -009 | 02 | 0.29
Lshift | 2324 | 2338 | 2343 | -0.14 | -0.19| -0.05

11) 2shift | 2356 | 236 | 2369 | -0.04 | -0.13| -0.09
3shift | 2346 | 2348 | 2357 | -0.02 | -0.11| -0.09
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. =T . IV.  CONCLUSION

WDXRF method allows determining Cu, Mo,
. Fe and density contents in the all samples from
i i ore to concentrate. X-Ray laboratory performed
‘ : guantitative elemental analysis on wide range of
industry technology product.

The correlation coefficient, determination
o 10 coefficient, standard error and significance were
calculated using the software EVIEWS-§,
Statistic, Excel- ANOVA and the optimal

il i regression equation was estimated by this
: method.
e ke e From this study, we have concluded that

determination of elements such Cu, Mo, Fe and
density in a short-time is possible by the
developed method.

]
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Figure. 7: Copper in copper concentrate,
molybdenum histogram results
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