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Table I Measurement condition of elements by XRF
WE R A i 207D ke

AW @k PHA  fRIIGE

(L/pm) (kV) (mA) gy 5 ()

CrKa LiF200 15~69 Flow 300 50 72 69.37 70.31 20
Si Ko PE002 28~72 Flow 300 30 120 109.12 111.08 20
AlKa PE002 22~78 Flow 300 30 120 144.89 147.2 30
Fe Ka LiF200 20~75 Scint 150 60 60 57.52 58.35 20

21.00
Mg Ka PX1 35~65 Flow 700 30 120 22.72 24.63 40

Ca Ka LiF200 32~73 Flow 300 30 120 113.13 1145 28

NaKa PXI 35~65 Flow 700 30 120 27.41 2259 26i 50

K Ka LiF200 31~74 Flow 300 30 120 136.74 135.85 32
SKa Gelll 35~65 Flow 300 30 120 110.77 112.49 20
PKa Gelll 35~65 Flow 300 30 120 141.10 139.72 30
Ti Ko LiF200 11~71 Flow 150 40 90 86.17 85.23 20
Mn Ko LiF200 15~68 Flow 300 60 60 62.99 63.79 20
VKa LF200 11~67 Flow 300 60 60 76.95 76.00 20

< Na Mg 9085 5% s Flow R0 PRCRE , Seint IR 14058, PHA Wik
Wi HE AT 2

TR B« 43 A 2 ([ 2 46 A A 7 il R A IR
A, FEAEAH, BOA s 500 ¢/ L ¥R .

R IR A« P ot 4 (=] 24 48 H Ak 7 R A R
CIDIR L WIve 3/ RER7 W
1.3 FERH

FEMTE 105°CHEFR AL 2 h, B 254 BRI B K .
e B — 2 A A LU 40 0 PR BB 2o () 4 i R XREF %
RGN, & TR RS, A2 mL iR
BRI, T S 3 v 7 650°C K i 48 46 10 min,
FEAI0AJRAL BRI FYA K, 76 TNBDRYL - 01C H i #4
SERENL T — 2 A B TR RIS A I BT T A B
TSR o SRS A R v Fe o R A s L 7R R
DU TR AR, el o AR REAE ol RO A o R FH
AR Y 7 ¥
1.4 BEAEmn SROE I

kM 8 2w b5 ) BT GBW 07818 ~ GBW
07821, 48+ 1" FrvfEY i GBW 07178 ~ GBW 07180 .
GSB 04 — 1705 — 2004 , & + FrfEY it GBW 03101a,
SIS AR MEY) Bt GBW 03122 FEL A £ bk HE 9 it
GBW 07822 ~ GBW 07824, FH ik R &l i 15 g 0 2,
e —E 55 & B R A — e B B SRR v e
FFETEE Y 18 MARUERE M R 5. MUHERE &4

AR AR 2,

— 823 —



556 1] aoon

meaK

2014 4

http; // www. ykes. ac. cn

2 BHEREREH S & S

Table 2 Concentration range for elements in standard samples

A~ EL Po=N
TR <a%%3 TR (a%ii
Cr, 05 0.13 ~34.44 K,0 0.021 ~0.79
Si0, 5.68 ~49.98 S 0.019 ~0.66
Al, O, 5.12 ~46.65 P 0.003 ~0.76
Fe, 05 4.64 ~36.82 TiO, 0.031 ~0.73
MgO 0.46 ~28.12 MnO 0.036 ~0.68
CaO 0.13~1.82 V, 05 0.008 ~0.76
Na, O 0.025 ~23.47

o PR Tl 32 T A R SRV B 1ORLIEE 4 38R A
BB/ T AR (ER A TR ey P 20 1)
ARARI AT HEA T ZEAR SN AL IE o SuperQ JiF FH Y

N
CizDi_ELin1Z1n+EiRi+(l+V241) (1)
]=

A COMRFRE M R TG « IS8 (% ) 5D, 20
SIMTOCER @ ARRTE R R B AR s L, D THCER mo X
SHICER ISR ES TR IER G Z, T
Em W E RS HCR (% /eps) s E N e R i 12
HERNZE I ARG RO BT LR @ TR (eps) 5 N
A FIICRIEH 50, WA ILER j W HoeR i (1
SR T N A7 IR j BH 5 Z 8 370K

363 SRRERIRE LU SRS 5 T A TN R

W& (% ) 5ig Al m 535 0 0 oe R 7 UER M
TR,

2 HRHIER
2.1 YEFERRELL AR R) Ko Tl

VAREZ HIT SCHE TR B L W REIELE R ]
DA iS50 s i i . >R GBW 07820 A i ) it
(Cr,0, %5 34.44% ) , A 6.0000 g 7R A5 %57 A1 8
T R AL R RNV, FERS RIS 1100°C J5 FER [H] 15
min 505N, AN S RERR BE EL 43 0 Hi7E T 10 A6
R IR T FEF B LL X 6 Y 5k B T R M G R
TESEFEIRE 1100°C IEAREREREEL 24+ 1 500 F 454N
AL R 2 VE T 10 ANFE R WFSE T I AR ]
XU CHEE R, TEMRER R LL 24 5 1,
FEFERTIA] 15 min 20T, 4 AS [R) 16 R TR 43 ) il 4
T 10 AFER BIFSE T R REIR B X9 i i R M)
S, FEARRERESAE T, 45 4L 19 7 B 4 1 40 )
W3 ~FS5,
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Table 3  Effect of melting ratio on the reproducibility of fluorescence intensity

IRFERGREIL i § Cr,0;  Si0, ALO; Fe,0;  MgO CaO Na, O K,0 S P TiO, MnO  V,04
15: 1 I(keps) 532.57 9.44 32.44 43.41 18.94 8.04 0.24 1.52 0.57 0.34 11.82 7.83 2.20
RSD( % ) 1.6 1.3 1.1 0.8 0.9 1.2 2.1 2.8 1.2 1.0 1.7 1.3 1.7

20 1 I(keps) 424.32 7.395 24.93 36.01 14.48 6.47 0.22 1.35 0.56 0.28 9.54 6.73 2.00
RSD( % ) 1.6 1.5 1.1 0.8 0.9 1.3 2.4 3.3 1.3 1.1 1.5 1.4 2.1

a1 I(keps) 370.87 6.34 21.05 31.94 12.38 5.65 0.20 1.30 0.54 0.25 8.37 6.21 1.91
RSD(% ) 0.7 0.9 1.0 0.7 1.0 1.1 2.6 2.5 1.3 1.2 0.8 0.7 0.8

30 1 I(keps) 304.94 5.17 17.18 27.15 10.04 4.77 0.19 1.13 0.50 0.21 7.03 5.53 1.79
RSD(% ) 1.1 2.0 1.3 1.1 1.4 1.4 2.9 2.3 2.1 2.1 1.3 1.5 1.2

401 I(keps) 234.43 4.01 13.11 21.85 7.59 3.86 0.19 1.06 0.47 0.18 5.67 4.78 1.65

RSD( % ) 1.7 2.1 1.5 1.4 2.0

1.5 3.1 5.3 2.8 1.7 1.2 1.5 1.6

T POEIE 120 10 AFESIE P E. TR,
A4 FRAEIE D S5 SE T AL PR

Table 4  Effect of melting time on the reproducibility of fluorescence intensity

FibEfi] (min)  BiH  Crn0,  Si0,  ALO, Fe,0, Mg0  Ca0 Na,0  K,0 s P TiO, MnO V,0s
b I(keps) 366.70 6.27 21.17 31.96 12.36 5.65 0.22 1.27 0.35 0.25 834 6.17 1.90
RSD(%) 0.7 1.0 1.2 07 10 12 80 25 157 1.2 09 0.8 0.8

s I(keps) 370.87 6.34 21.05 31.94 12.38 5.65 0.20 1.30 0.54 0.25 837 6.21 1.91
RSD(%) 0.7 09 1.0 07 10 1.1 26 25 13 12 08 07 08

8 I(keps) 372.36 6.39 21.38 32.19 12.51 5.74 0.22 1.28 0.33 0.25 8.44 6.22 1.93

RSD(% ) 0.7 1.0 1.0 0.6 0.9

1.1 7.8 2.5 15.2 1.2 0.8 0.7 0.7
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Table 5 Effect of melting temperature on the reproducibility of fluorescence intensity
BBERIE(C)  BIH (o0, S0,  ALO, Fe,0, Mg0  €a0 Na,O  K,0 S P TO, MmO V,0s
1050 I(keps) 369.58 6.37 21.38 32.26 12.51 5.68 0.21 1.20 0.41 0.25 8.39 6.20 1.92
RSD( % ) 0.7 1.0 1.2 0.7 1.1 1.1 8.0 2.5 15.4 1.5 0.9 0.7 0.8
1100 I(keps) 370.87 6.34 21.05 31.94 12.38 5.65 0.20 1.30 0.54 0.25 8.37 6.21 1.91
RSD(% ) 0.7 0.9 1.0 0.7 1.0 1.1 2.6 2.5 1.3 1.2 0.8 0.7 0.8
1150 I(keps) 371.08 6.32 21.06 31.92 12.37 5.67 0.21 1.28 0.29 0.25 8.41 6.17 1.90

RSD(% ) 0.7 0.9 1.1 0.6 0.9

1.0 7.9 2.5 15.2 1.2 0.9 0.7 0.8

%o FESEIRIE P, JE RS [A] AL 12 min 3051 18
min, R[] 1<, RSD /1N s S AR TRLEE A 1050°C 13 hm
B 1150°C , R BB, RSD M/, w kR | 2 &
AN, LERETR I e T JRE R, A AR A I [R] Dk
IR R RAT RIIE o IHAEE 3 SRR
KE JEFEMBELL 24 © 1 IFTA] 15 min G EE 1100C
IR, 33X ek PR DAy AR 0 A A I ) AR o 4
FEILE B T BRI A 28 K TR 45K
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SN et ™ 5 AR L 20 0 1 IR el R R UK
B MYBEHR T 24 0 1 i, B G LT T 2%,
TAOULAS A4 15 SIIR 5 AR AR BRI 45 g 1T (T L) — B
M RRE LR T 24+ 1, B 32 AN [R] i S
Bk, S B R DTG B NP 2 B
W, S B 2, A EC AT, JE k™ L o
REDECHR E (VO 3 g o T S R LU — 2P e
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Pl 1 SERENS e iR e R S, 200X)

Fig. 1  Microstructure of fused-bead (r-,200X)
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HEAK RS TR WK TR %7 TR E AL
3 [r Table 7 Experiment results for precision test
LOD == |- (2) . :
s Al o GCr -8l CCr-$2
s NRALE B ITHECR, cps (%) 5r, W R i GH(%)  RSD(%) (%)  RSD(%)
BOR (eps) 50, N S HEUETE () o Cr, 0, 13.86 0.5 7.66 0.1
T —BOCE R R FRBEANE e s o e
T8 e PRVT SR e 2 T e F ALO, 29.68 0.8 12.59 1.0
SHA T AEEM T ADE AR &, SuperQ Fe, 05 5.24 0.5 8.04 0.6
. _ . 2 , MgO 9.59 0.4 18.85 0.3
HoRE R BR L & — T K R AT T RE A, if cfo 0.30 Lo 0.34 L6
AL T H TG TN T B FE R A S Na, 0 11.99 1.1 17.23 1.8
PR, R R AETS RO B (o) g B0 o3 R
100 s B JCE A IE Bk I 5 1 B g s K 18 PR AR AIG P 0.059 1.8 0.022 3.1
SR B SEAMEL S5 R N 6 i .l 6 A, ;ioé 0064514 ‘1)2 g'zz (1)'2
— A ALz, n . . . .
JUE R FRAE A V,0, 0.029 2.0 0.024 1.1
B 8 JTEUETIES AL g5
6 JuEfhmR Table 8 Experiment results for accuracy test
Table 6 The detection limits of elements
e o " GCr-$3 GCr - $4
4 & 95 & il . \ . ;
4145 (p'e) Ei% (ue/e) PR (%) WEM(%)  ARIER (%) WSERE(%)
Cr, 0, 8.16 K,0 11.63 Cr,0, 14.07 14.19 3.52 3.6
$i0, 48.94 S 9.75 $i0, 9.79 9.78 39.01 39.13
AL, 0, 29.11 P 3.75 AL O, 9.1 9.15 5.12 5.22
Fe,0, 12.71 TiO, 4.23 Fe, 0, 9.47 9.4 36.82 36.75
MgO 29.93 MnO 2.78 MgO 18.66 18.71 1.75 1.72
a0 11.14 V, 05 3.81 Ca0 0.26 0.3 1.82 1.78
Na, O 75.00 Na, 0 11.75 11.67 5.17 5.21
K,0 0.021 0.034 0.69 0.69
S " S 0.023 0.033 0. 060 0.062
2.4 JiiEREE P ETRE p 0.019 0.025 0.076 0.063
FFAA AT GCr — ST il GCr — S2 Wi~ [ Hil 47 Ti0, 0.048 0.039 0.054 0.053
e 1 e s . MnO 0.072 0.072 0.18 0.18
TERE A2 A 4 10 MR R Fie BEER 1 0 454 V,0. 0.035 0.028 0.18 0.13

Xt 10 ANFE A S TI0 R BG  RE . R T
Mrah a1, 452000 B9 AW bs i 22 (RSD, n = 10)
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Determination of Major and Minor Components in High-Cr Red Mud by
X-ray Fluorescence Spectrometry with Fusion Sample Preparation

ZHU Zhong-ping , ZENG Jing-hua, WANG Chang-gen, Ll Li-chao
(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract; Cr and other valuable metals are enriched in red mud (Cr,0;: 3% —30% ) after high-Cr red clay type Al-
Fe composite ores are comprehensively utilized by sodium reduction roasting-magnetic separation-leaching. High-Cr
red mud belongs to refractory ore whose analysis methods are dominated by chemical analysis, which is a well-
established but complicated procedure. High-Cr red mud can also be analyzed by X-ray Fluorescence Spectrometry
(XRF). However, a use of sodium flux and a high dilution ratio are not conducive to sodium and low content
elements. In this paper, a method of XRF analysis is developed for the determination of the major and minor
components (Cr, Si, Al, Fe, Mg, Ca, Na, K, S, P, Ti, Mn and V) in high-Cr red mud by fused bead preparation
with Li,B,0,-LiBO, (67 : 33) flux, NH,NO, oxidizer and saturated LiBr solution parting medium. When the dilution
ratio of the melting sample is lower than 24 : 1, the lower dilution ratio, the more serious is the corrosion on the Pt-
Au crucible; the RSD (n =10) of the sample preparation method is at a minimum when the dilution ratio is 24 : 1;
the longer the melting time and the higher the melting temperature, the RSD becomes lower. The optimization
conditions of fused bead are obtained when the dilution ratio is 24 : 1, the melting temperature is 1100°C and the
melting time is 15 min. The working curve was established by chromite, bauxite, clay, ferrous standards and manual
preparation standard materials. The matrix effect and spectrum line overlap interference were corrected by a
fundamental parameter method and standard regression. The results are consistent with certified values and the RSD
(n=10) range from 0.3% to 3.9% . Compared with domestic and foreign XRF methods for chromium containing
minerals, this method uses no sodium salt, a fuse piece, conventional sample melting temperature (1100°C), low
dilution ratio (24 : 1) for sample preparation, and the sampling precision and analysis precision are low. The
problem with XRF analysis of high-Cr red mud has been solved by this method, which can be used to analyze Cr, Al,
Si and Fe in roasting, concentrates and tailings and other ores processed by sodium.
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