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Al Kal PET 144. 639 - 30 100 0. 46 Flow Counter 30 50 ~ 150 T
Si Kal PET 108. 997 - 30 100 0. 46 Flow Counter 30 50 ~ 150 T
Fe Kal LiF200 57. 540 - 60 50 0.46 Scintillation Counter 10 40 ~250 Jc
Ca Kal LiF200 113. 090 - 50 60 0.23 Flow Counter 30 50 ~ 150 b
Mg Kal XS-55 20.776 - 30 100 0.23 Flow Counter 30 40 ~ 160 T
P Kal PET 89. 395 91.818 30 100 0.46 Flow Counter 10 50 ~ 150 T
Ti Kal LiF200 86. 153 - 50 60 0.23 Flow Counter 30 40 ~250 pn
Mn Kal LiF200 62. 989 - 60 50 0. 46 Scintillation Counter 10 50 ~ 150 T
Zr Kal LiF200 32.097 33.565 60 50 0.23 Scintillation Counter 10 50 ~ 150 T
Nb Kal LiF220 30. 434 31.354 60 50 0.23 Scintillation Counter 10 50 ~ 150 b
Vv Kal LiF200 76. 959 - 50 60 0. 46 Flow Counter 10 50 ~ 150 Jo
Cr Kal LiF200 69. 358 - 60 50 0.46 Scintillation Counter 30 50 ~150 b
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Fe,0,  CaO  MgO S V,05 TiO, ALO, Si0, MnO P05 70, Nb,0; Cr,0, Na,0 K,0

YSBC 19815—2014 3.30 2537 88 039 0.347 19.98 1446 2630 0.757 0.014 0.258  0.740
GSBH42001-92 114 2557 9.05 0.234 044 2528 13.85 2267 0.74
YSBC 19816—2014 3238 37.40 13.02 0.049 2.67 0.504 173 9.9 146 162
YSBC 19814—2011 146 0.287 2.67 0.166 9469 262 192 121

SRM 670 0.861 0.66  9.16 0.51 0.840 0.230

SX 58-05 353 0.035 0.027 0.243 9335 0.50 0297 0.115 0.147 0198 0532 0.117
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Fe,0;  CaO MgO S V,0; TiO, ALO; SiO, MnO P,05  ZrO, Nb,O5; Cr,0; Na,O K,
YSBC 19815—2014 3.27 25.11 873 0.386 0.343 19.77 14.31 26.03 0.749 0.014 0.255 0.732
GSBH 42001-92 1.14 25.55 9.04 0.234 0.440 25.26 13.84 22.65 0.739
YSBC 19816—2014 33.15 38.29 13.33 0.050 2.73 0.516 177 10.23 150 1.66
YSBC 19814—2011 0.97 0.274 2.54 0.158 90.24 250 1.8 115
SRM 670 0.859 0.659 95.97 0.509 0.230
SX58-05 3.50  0.035 0.027 0.241 92.44 0.50 0.294 0.114 0.146 0.19 0.527 0.116
ZBK 458 32.17 0071 L11 0026 0272 568 235 157 166 0.11 2.86
ZBK 464 3.9 0691 1.5 0.175 0.711 50.87 1.32 207 115 0.112 0.854
1 .39 0.007 0.0054 0.575 95.26 0.10 0.466 0.023 0.029 0.709 0.106 0.207
"2 8.73 14 501 011 73.69 251 522 102 142
"3 815 1.35 468 0.105 68.82 2.34 4.8  0.9% 5.90
R4 3.4 0.034 0.026 0.237 90.90 0.487 0.289 0.112 0.143 0.193 0.518 0.114
"5 0.857 0.657 95.70 0.508 0.836 0.286 0.229
"6 0.853 0.654  95.29 0.505 0.832 0.714 0.228
Fd4 THIER FERKEREEREXNKERZIRERENZIE
HAy HEWETIRR I 22/ % WEUE S5 BRI 22/ % Hor R TIRR N 22/ % T Jo b AR 22/ %6
AL O, 0. 350 0.170 MnO 0.000 8 0.000 7
Ca0 0. 280 0.106 Si0, 0. 200 0.120
MgO 0. 350 0.180 7r0, 0.010 0. 009
P, 0 0.001 6 0.0015 Nb, O 0. 005 0.003
Fe, 0, 0.310 0. 200 V, 05 0. 050 0.012
TiO, 0.015 0.010 Cr, 0, 0. 060 0. 030
15+ 140
y=0.860 5x+0.171 4 y=2.598 7x+0.451 9
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F5 BRI
% L % i EeS MXRE(R?) || W R % i B2 FRFE(R)
ALO;  0.10~14.31 y=0.860 5x +0.171 4 0.999 6 MnO 0.023 ~1. 15 y=0.064x -0. 109 5 0.999 6
Ca0  0.007~38.29  y=2.5987x +0.4519 0.9999 Si0,  0.289~26.03  y=0.899 4x +0.2472 0.999 8
MgO 1.11~13.33  y=0.650 6x +0. 3642 0.999 8 70, 0.193 ~5.90 y =123.59x - 13. 608 0.999 9
P, 05 0.014~1.66  y=1.1831x+0.0245 0.999 8 Nb,O5  0.106 ~0.714  y=51.887x +12. 502 0.999 5
Fe,0;  0.853~43.92  y=18.767x +10. 492 0.999 5 V,05  0.237~2.73  y=5.9147x+6.723 1 0.999 8
TiO,  0.516 ~95.57 y=3.121x +0.573 9 0.999 7 Cr,0;  0.114~2.86  y=7.6908x+1.7679 0.999 7
F6 FEWHR pe/g
Ay AlL,0, Ca0 MgO P,0, Fe, 0, TiO, MnO Si0, 70, Nb,O5  V,05 Cr,0,
SR LLD  58.4 74.1 117.4 61.2 63.7 97.7 42. 4 112.4 13. 4 33.1 90.2 66. 8
xR7T #UAFRPEEANBEEELER(n=10)
BER k% Fe, 0, Ca0 MgO  V,0s TiO,  ALO,  SiO, MnO P,0,  Nb,O, 710,  Cr,0,
FAE/%  1.05  0.071  0.059  0.399  90.51 0.750  2.77  0.041 0.066 0.278  1.91  0.316
#  Rsp/% 1.82 0. 63 0.35 0. 46 0.31 0.21 0.37 0. 64 4.20 4.15 3.26 2.18
FAE/%  3.73 0.136 0.686  0.271  90.70  4.74 1.23 2.09  0.002 - 0.682  0.347
2% RSD/% 0.30 0. 80 1.63 0.32 0.35 1.76 0.41 0. 42 1.75 - 1.20 1.23
/% 453 0.034  0.109  0.312  85.49  0.818  2.18  0.468  0.099  0.352  2.19  0.314
3 Rsp/% 1.20 0.92 0.35 0.30 0. 96 0. 61 1.45 0.43 2.05  0.360 1.53 0. 56
=8 MWLERITLE
s B 1 B 2
G WIRES LE9 % ST 555/ % ST 555/ % ST 555/ %
AL 0, ICP 0.753 0. 750 ICP 0. 836 0. 833
Ca0 ICP 0.077 0.071 ICP 0. 050 0. 053
MgO Icp 0. 051 0. 059 Icp 0.110 0.126
P,0; ICP 0. 402 0. 400 Icp 0. 099 0. 096
Fe, 0, ICP 1.080 1.040 ICP 4.530 4.500
TiO, (oS RS 90. 46 90.510 A 85.50 85.32
MnO ICP 0. 045 XIE 0. 040 ICP 0. 480 X 0. 468
Sio, IcP 2. 800 2.770 ICP 2. 160 2.190
7:0, ICP 1.910 1.900 ICP 2.220 2.200
Nb, Oy icp 0.268 0. 280 icp 0. 361 0.352
Cr, 0, ICP 0.316 0.321 icp 0.320 0.314
V,04 ICP 0. 380 0. 385 ICP 0.315 0.310
4 LEp SRS SR T T 5 e AR T R, FER

AR SR P vk i A B R FE bR TR i B
D JEREGREARIY AT A FR R TR
BB RE SN Z T AR AERE S Y 7 ¥, S T 4
241+ Al,Si Fe Ca Mg P.Ti Mn .,V Cr Zr Nb %
12 TR R E /Y X SR PO06E ik, X
AR AR R R i iR EE BURETR E R S M R L

LR AR TR AR AR b G B A R L
MR TR X T A R AR, b 2R A AL
S o RERCIEMIGL ERAIE , AROTIR 1A
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a1 R DA S R FAR SR = T (R N/ R [ 1197
P AT



- 60 -

a B W A

(R EIA S

(1]

(2]

(3]

(4]

(5]

[ &5 30k ]

RO E SR EAE R T 10 R oTE =[], B
K (fL2#530) ,2018,54(9) 1044 — 1048.

W AR AT S R RN S T R AR [6] 5KffiEd. ICP - OES ME[F]MNE G214 Al Si Cr Fe Zr,
VR 53T 1 S0 BAE FIPLEE 1], 428 111,2023(8) ; Nb SR BUCR ] IAE SR 2021,41(2) 35 -36.

119 - 124, (7] WaE T HERRE-X SOOI Pl skt
5T, AR, B, 2 B AT S5 - B BIOR 10 FREIPLT]. b, 2018,38(7) :57 — 62.

Wl A& AP [1]. G658, 2023,39 [8] ARV, 2R S FE Ml FE-X T2 50 T e il il £
(2):24 -29. MEsk gk b ER A4 [J]. 18 4 59,2013,
Semets, Tk T 35, B, S S BEREKT IR BUR 5 A 33(6):32 -46.

FEET]. B S R, 2019,39(5) 168 —75. [9] ks, M, RIFESE 45, X FHERTOG TS R
P L. PO I — LR 1 8 B AT 2 O i SRR o R UCREAL Sy (1] #5701, 2009, 28 (2) -
WIGE L0 R 12 B R M AR [T, B 188 - 190.

B b4 2022 ,58(4) 1476 - 480. [10] TSR BROICHE. X B2k 98 61 0 5 10 TR Ak gk ™

=LA . TR ik — FL SR 4 25 B T MR LT R SO

WL ALY ] 16403 ,2012,36(6) 124 -29.

Simultaneous Determination of Major, Minor and Trace Elements in

Rutile by Melting Sample Preparation-X-ray Fluorescence Spectrometry

XIAN Yun, MA Xiaohui
(CNMC Shenyang Research Institute of Nonferrous Metals Co. ,Lid. ,Shenyang 110141, China)

Abstract; Glass flakes were prepared by melting method. Under the condition of small number of stand-
ard samples and incomplete element content, X-ray fluorescence spectrometry for simultaneous determina-
tion of 12 elements such as Al, Si, Fe, Ca, Mg, P, Ti, Mn, V, Cr, Zr and Nb in rutile was established
by using standard samples to artificially prepare synthetic standard samples and adding various standard
samples. The lithium tetraborate-lithium metaborate mixed flux (67:33) was used as the melting sample
system. The effects of flux selection, melting temperature, dilution ratio and the amount of release agent
on the melting effect were discussed. The standard curve was calibrated by the variation theory o coeffi-
cient and the spectral line overlap correction, and the relative standard deviation was 0.21% -4.20%
(n=10). The results of melting sample preparation-X-ray fluorescence spectrometry were compared with
those of volumetric method and inductively coupled plasma atomic emission spectrometry. The results
were satisfactory, indicating that this method can be applied to the rapid analysis of major, minor and
trace components in rutile.

Key words: rutile; melting sample preparation; X-ray fluorescence; capacity method; inductive cou-

pling



