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Table 1 Working conditions of X-ray fluorescence spectrometer
JLH 3BTk VARTERYS TR 4% GEDES AL W5 Ff U ) 2 i 1]
Element Line Crystal Detector Voltage/kV Current/mA Peak/(%) Peak time/s
Na Ka RX25 PC 50 4.00 46.640 25
Mg Ka RX25 PC 50 4.00 38.348 25
Al Ka PET PC 50 4.00 144.550 20
Si Ka PET PC 50 4.00 108.886 10
P Ka PET PC 50 4.00 89.266 25
K Ka PET PC 50 4.00 50.506 25
Ca Ka PET PC 50 4.00 45.010 20
Ti Ka LiF200 SC 50 4.00 86.084 20
Mn Ka LiF200 SC 50 4.00 62.950 5
Fe Ka LiF200 SC 50 4.00 57.500 5
Cu Ka LiF200 SC 50 4.00 45.010 20
Zn Ka LiF200 SC 50 4.00 41.780 20
\% Ka LiF200 SC 50 4.00 76.910 20
Sr Ka LiF200 SC 50 4.00 25.164 20
Zr Ka LiF200 SC 50 4.00 22.540 20
Ba La LiF200 SC 50 4.00 87.130 20
Pb La LiF200 SC 50 4.00 33.920 20
Y Ka LiF200 SC 50 4.00 23.780 20
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Table 2 Content range of components in

calibration samples w/ %
5y B 5y &

Component Content range Component Content range
Na; O 0.62~5.72 Fe 1.22~38.88
MgO 0.11~4.05 Cu 130~1890
Al O3 1.26~13.75 Zn 137~1600
Si0; 5.43~33.17 \ 69.0~617
P2 Os 0.33~7.04 Sr 267~1500
K> O 0.07~3.42 Zr 94.0~659
CaO 0.08~33.49 Ba 48.8~4400
TiO; 0.06~2.20 Pb 29.3~1500
Mn 0.31~45.39 Y 84.0~1083

#:Cu.Zn.V.Sr.Zr . Ba.Pb Fl Y Wi SR pg/g.
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Table 3 Influence of grinding time
T 5 5[] PG5 E Intensity/keps
Grinding
time/s Na;O  MgO ALO; SO, P,O; K.O CaO  TiO:  Mn Fe Sr
30 0.611 1.173 13.333  25.813  3.762 3.561 17.217  0.287  14.719 72.829  1.248
60 0.593 1.144  12.825 24.944  3.693 3.456  16.824  0.282  14.456 71.457  1.220
90 0.613 1.142 12.838  24.947 3.631 3.444 16.734 0.272 14.437 71.362 1.227
120 0.623 1.131 12.743  24.773  3.532 3.406  16.408  0.278 14.252  70.697  1.215
150 0.639 1.180  12.131 24.067  3.648 3.354  16.881 0.284  14.584 71.964  1.239
180 0.619 1.149 12.040 23.833  3.588 3.320  16.530  0.276  14.322 70.770 1.218
210 0.663 1.152 12.605 24.661  3.535 3.388 16.476  0.273 14.306  70.883  1.227
240 0.685 1.186 12.736  25.022  3.660 3.459  16.974  0.278  14.666 72.698  1.257

2.2 B SIELEERIE

XF TR R R e AR FEAA DR EE R ) R0 2 4
Bris 26 9 E ORI, ARl T 2850 2R B0k A I JE A
RO T I A 8 s (D A (2)

X,=bl,+c (@)

W. =X, (1+-k+2A,F)H+2XB,F,+C (2)
LW, hi TEKRIES&®E, %: X, Hi TRAKIE
L Y i TTRMFE X BTG LR T F, N
JUCREG®E. WA, N TEX TR R IER
BB, R LEXN TRESKIEREGH c £.CHY

FEE, SiO, .CaO . Fe #l Mn 2 %% + i 35 %
43 BRI o 2B AT A IR S 5 5 R AT AL OE
2.3 WREME

SR X3 2k 5O 3 A a2 A A HE AR
Na, O, MgO, Al, 05, SiO, ., P,0; . K, 0O, CaO, TiO, ,
Mn.Fe.Cu.Zn.V.Sr.Zr.Ba.Pb fil Y By X Ht£k 7%
e B L B R R (D R (2) st Z ot i,
[ B SR e o 2 1) AR BRE IR S T R AL
FIFEAR B IE R, 25 4 53 i RS 1 ith 26 2 85 [ 60 46 AR
(D) R (E) A R EGH IR 4,

R4 BTEATHREHZSH
Table 4 Parameter of calibration curve for 18 components
H4 H 4
Cor;lﬂp(]jlem b E g (‘,onrqﬂp()iem b E g

Na; O —0.34 7.1307 0.9987 Fe —0.41 0.1696 0.9996
MgO —1.49 11.1940 0.996 1 Cu 84.8 1998 0.9995
Al Oy 0.77 1.1237 0.9984 Zn 97.0 1572 0.9988
SiO; —0.95 0.6970 0.9990 \% 17.6 2700 0.9959
P2 Os —0.01 0.8499 0.9984 Sr —86.4 623.3 0.9982
K, O —0.21 1.496 0 0.996 5 Zr —5.02 422.2 0.9988
CaO 0.01 0.1562 0.9995 Ba —4.09 17551 0.9978
TiO, —0.01 0.9399 0.9994 Pb —98.5 1895 0.9999
Mn —0.02 0.2524 0.9999 Y —7.24 513.3 0.9971
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Table 5 Detection limits of each component pg/g
#H /> Component MiHBR Ly || #H4> Component bR Lo
Na, O 524 Fe 617
MgO 428 Cu 23.8
Al Oy 349 Zn 6.25
SiO; 1172 \ 3.67
P, 05 290 Sr 18.4
K;O 181 Zr 7.73
CaO 646 Ba 15.9
TiO, 128 Pb 29.4
Mn 199 Y 13.5
xk6 FHEBEE
Table 6 Precision of the method
asr OO pens | oms P ke
Component Average % Component Average %
w/ % w/%
Na, O 2.16 1.5 Fe 18.42 0.5
MgO 2.07 0.9 Cu 0.27 0.3
Al; O3 3.64 0.4 Zn 558 1.3
SiO; 13.46 0.9 \ 571 0.4
P, Os 0.73 0.9 Sr 1202 0.8
K;0O 0.69 0.9 Zr 668 0.7
CaO 2.81 0.7 Ba 1491 1.9
TiO; 1.70 0.7 Pb 947 1.3
Mn 21.16 0.3 Y 159 2.2

4 :Cu.Zn,V.Sr.Zr.Ba.Pb f1 Y 3T 5000 R pe/g.
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Table 7 Comparison of results from laboratory and on-site analysis of abyssal iron-rich clay w/ %
FeClay-1 FeClay-2 FeClay-3
4y RE  EWEME N2 WHME EREM A2 W EWEM X2
Component On-site Laboratory RD/ On-site Laboratory RD/ On-site Laboratory RD/
w/ % w/% % w/% w/ % % w/ % w/% %
Na; O 3.77 3.72 1.3 3.39 3.32 2.1 2.14 2.08 2.9
MgO 2.64 2.73 —3.3 3.78 3.76 0.5 2.57 2.66 —3.4
Al; O3 6.76 6.93 —2.5 7.54 7.80 —3.3 2.19 2.12 3.3
SiO; 21.81 21.61 0.9 18.59 18.78 —1.0 13.26 13.38 —0.9
P, 05 2.82 2.91 —3.1 4.18 4.29 —2.6 2.36 2.43 —2.9
K20 2.10 2.14 —1.9 2.17 2.23 —2.7 0.86 0.84 2.4
CaO 16.11 16.23 —0.7 7.25 7.42 —2.3 26.41 26.70 —1.1
TiO, 0.43 0.46 —6.5 0.25 0.24 4.2 0.075 0.070 7.1
Mn 2.83 2.80 1.1 3.51 3.57 —1.7 1.23 1.27 —3.1
Fe 10.32 10.23 0.9 15.96 16.01 —0.3 8.86 8.68 2.1
Cu 1310 1365 —4.0 1520 1497 1.5 730 683 6.9
Zn 243 231 5.2 396 382 3.7 180 175 2.9
\% 278 256 8.6 303 328 —7.6 317 298 6.4
Sr 823 808 1.9 710 704 0.9 1285 1314 —2.2
Zr 289 286 1.0 417 414 0.7 183 177 3.4
Ba 2513 2544 —1.2 3838 3846 —0.2 1023 1009 1.4
Pb 740 733 1.0 862 851 1.3 667 656 1.7
Y 695 708 —1.8 1030 1052 —2.1 395 381 3.7
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Determination of major and minor components in abyssal iron-rich

clay by X-ray fluorescence spectrometry with pressed powder pellet

LI Qiang,ZHANG Xue-hua
(Guangzhou Marine Geological Survey, Guangzhou 510760, China)

Abstract ; The iron-rich clay exists in some regions of deep sea and ocean. At present, there are no related standard
substances and analysis method for iron-rich clay. The contents of Na, O, MgO, Al, O, , SiO,, P,O;, K,O, CaO,
TiO,, Mn, Fe, Cu, Zn, V, Sr, Zr, Ba, Pb and Y in abyssal iron-rich clay sample were rapidly determined in
site using desktop X-ray fluorescence spectrometer through sample prepare by pressed powder pellet. The
optimum conditions for sample preparation were as follows: the pressure was 30t and the pressing time
was 35s. The calibration curves were prepared by national standard substances of polymetallic nodule and
cobalt-rich crust, deep sea and hemipelagic sediments as well as certified deep sea iron-rich clay samples,
solving the problem of lack of iron-rich clay standard substances. The measurement conditions of 18 com-
ponents were optimized. The matrix effect of major components including SiO, , CaO, Fe and Mn was corrected
by empirical coefficient method. The detection limit was 3. 67-1172 pg/g. The results of precision test showed
that the relative standard deviations (RSD, n=7) were between 0. 3% and 2. 2% for determination results
of each component. The proposed method was applied for the analysis of actual samples. The found results
were consistent with those obtained by other methods in laboratory. The proposed method could meet the
requirements of simultaneous and rapid analysis of multiple components in iron-rich clay samples in field.
Key words: X-ray fluorescence spectrometer; abyssal iron-rich clay; major and minor component; pressed
powder pellet





