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Table 1 Analytical parameters of instrusment

JLHE i LERES 20 HHE LI ) 5 B [
Element Spectral line Crystal Peak position/(*) Tube voltage/kV Current/mA Determination time/s
Mn Ka LiF200 62.994 8 50 50 10
P Ka Gelll 140.9652 25 100 16
Si Ka PE002 109.1302 25 100 10

x2 LBEFTARERER
Table 2 RMs for the experiment

BE B 5 R B 2 & Content w/% B B
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Table 3 Hanging shape of Li, B, O, and the erosion degree of crucible with different temperature

¥ Temperature/C

DU A R £ 4 BEFE A The hanging shape of Li; B, O7

{22 ¥ Erosion degree

850 i L TN YL A W BRI A IR JR) S AR Al
950 Bt AL R NS W NE R R (S TE ARl R P O A
1000 B I BLRIR 7 FN B2 A 5y 7 A B 22 . 5 W ol
1100 B WD L 5 5% B v B el 2 B B 7 AR BUR 2 By g

M2 3 Al UL FE 950 °C TR SR FH IO B R A RE L b
T 5 O A5 (917 °C) L Ab T U IR S L e %
FLAE R0 4 31 30 P BE 8 5 T2 18 B30 1 s R R 4 Aot
XTI AR 43 B A7 A0 Ui 190 4 A, e AT A500RE e 40 4
IR Z R M4,
2.2 REMEL
2.2.1 SUFIHIERE

RESE G 4 RE R L T I — 8 B Y B R A
DA 730 05 00 B R L A I A A Ak P R A R
AALY . 3O R PR A B B — 5 1Y E AL L R
b o ik AR AR Y A A B R A
HEMEE S . BRERER A LIS % R Ak ) R A Y
PR A Lok A AR AR Ao AR AR LA S R WG SO L 3
JFH K B AR AR v 5T 3R () W8 A3 5 A8

R 5 5T DLk R £ | e R AL A R TR 5 ik
FR Al T R ok A Ak TR G 3K ) AR A Ak R B O
MYSZIR 25 0 e WY, PR R FH i 1R A 45 3R s 1
15

P, T AR 28R B 22 5 R Bk R R R R TR A TR 5 0
s N3t F BN S s R FH Bk R 4R o AR
TRA ] PRt 48 Ak BB IR A (450 °C) L kA
(850 °C) AR, 43 B T 500,800 °C 4 Fih 15, Jz b7 AH
XA R G R, LAl TR G fide st AR BT AR A I il i
T R 3 T i L O B A A RS T 9 A 3E 1T 5 B 4
FE RS BG4 HhoE ) BT Y AR RN O i
2.2.2 WEKEH

T W AR R S A IR RN R AR 4
TH I B T 2RO PR B T R AT 58 40 1 TR AUk L K
BRSSP R S B EREAMYIES. AR
Fe43 A v e AR B g Be P Ak /Y T BE, e TE
500 °C i FE T #4728 Pl S Ak 600 s, DA 3kE B s 1 3k
TIEN G B W T 2218 IR & 800°C , 1H I
600 s, iF — LA T fEAIEY . FEWE AL TR 05
Fill iy 24 75 T /K U B 1R A s S DL HEAT ST 0 N BE 11
U A 7 R R B A R A AR A ok R v, i 2B R



SHBAB L BR E ORI ST LS A AL RE-X SR POt RS B I B AR Ak L RE A S 4 TP A R
B4 HT,2018,38(3) :14-21

B PR BE | DT A 200 1 K 120RE 55 H J0 I 2 0 of L i 20 R
PRAE T G 4 FF i Jr ml A B LA 2 A o e K7 B Ml
R TR A IR AR
2.2.3 SHFIEXKEFEEN I

O [ E A T K Bk iR B, A e B
0. 5000 g, 38 of 2o A2 3R A i 3R AU R i 5 I
HEaZ MR, PREEIH A5 5 AR, 20 5 A
0.1000,0.2000,0.2500,0.3000,0.3500g ik £ 3
ik, SRRV, YR KT 0.3000g B, &k
TR A RIOR A8 22 I I B R TR A= il I 42 s B A
AT 0.3000g W, R F o i AL 4, HUBA-B e HE
WO AR, PR, AR S 5 i AR AR R i A =
JoKBRREE 0. 5000 g, 3 AL 0. 5000 g W}, A &
N AN KT 0.3000g,

2.3 tARhEIEE
2.3.1 BFHEFERHREIRE

FEAR R RERR & A a5 b, T K DO Bl R 4 TT
VLA 250 R iR A7 s i . Al 58 DL T oK i i R
PRAERE R AT TR B HL S . vERFRER 3. 0000 g
JCoK OB R B T R RE A B T e b AR
B S AR 2 B B R L 43 SRR B 0. 1000, 0. 1500,
0.2000, 0.2500, 0.3000g ik £, Ac 1 W W B 1
(m gpmmme * M) N7 0.10.7 2 0.15.7 * 0.20,
7:0.25.7 ¢ 0.30 JF AT ATy AT g W E
ik DGR B, S R ILER 4

M A iRl LU . FRFE RN 0. 2500 B 4
E BT R B H A RS R M5 5 5 B L HRH R s o g 22
NG LN =% (il 7 NI i v U R D

R4 WHEILWE EBOALEENMBEEENZN(n=10)
Table 4 Fluorescence intensity and precision of Mn, Si, P with different dilution ratios
Mn Si P
TR - — - — - —
Dilution WEETIIM AR 2 8 1 4 MR b M B 22 WIETHE AR
ratio Intensity average/ RSD/ Intensity average/ RSD/ Intensity average/ RSD/
keps % keps % keps %
7+0.10 131.7 0.13 3.41 0.40 0.117 3.2
7+ 0.15 192.6 0.27 5.02 0.60 0.153 2.3
7+0.20 250.9 0.36 6.60 0.57 0.186 2.0
7+0.25 305.9 0.20 8.08 0.44 0.217 1.6
7+0.30 359.8 0.28 9.53 0.36 0.247 1.7
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Table 5 Fluorescence intensity and RSD of Mn, Si, P with different temperature condition
Mn Si P
T/C 9 S 4 {H AR A A i 22 RS2 (E AR X i VA Al 22 IR S 2 {H R X A Al 2
Intensity average/ RSD/ Intensity average/ RSD/ Intensity average/ RSD/
keps % keps % keps %
1050 470.1 0.24 20.59 0.28 0.7224 1.4
1100 470.5 0.21 20.59 0.25 0.7179 1.1
1150 471.1 0.15 20.65 0.33 0.7201 1.1
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Table 6 Correction coefficients

43 Component as ac
Mn —0.1268
P 0.0001
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Table 7 Linerity parameters and detection limit
JLE L 15 5 7% R RE K th R
Element Range of calibration curve w/% Regression equation Correlation coefficient Detection limit/(pg/g)
Mn 50.51~97.13 Y=4.6879X+8.2906 0.9997 10
P 0.030~0.42 Y=1.3611X+0.0297 0.9992 25
Si 0.51~32.90 Y=0.5240X+0.0401 0.9999 18

3 [,
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mnN ty
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Table 8 Precision test

B il JLR e /ME RME FHME A E(E AH X M AR 22
Sample Element Min. w/% Max. w/% Average w/ % Certified w/ % RSD/ %
P 0.081 0.089 0.086 0.087 2.9
e oY= AN : : : : °
i Si 17.151 17.335 17.239 17.30 0.35
GSB03-1687-2004 -
Mn 67.413 67.608 67.52 67.51 0.088
y P 0.195 0.203 0.198 0.196 1.2
fFkage i £ Si 0.618 0.640 0.629 0.63 1.1
GSB03-1316-2000 _
Mn 84.152 84.289 84.217 84.28 0.053
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VM 2 Iy RESR 5 4 2 D B AR B bR vERE A A 52 L3R 9, AR 9 WR RS R T DL I E (5 E (B R

X9 EMmERRE

Table 9 Trueness test w/%
A4 RV ST R/ (512 RS [R7E7 %7
JLE YSB37651B-10 GSB03-2597-2010 GSB03-1559-2003 7ZG]T-2011-3

Element W& {8 A E (H W {8 A fH W7 {H A (5 7 {8 A fH
Found Certified Found Certified Found Certified Found Certified

P 0.41 0.42 0.163 0.165 0.208 0.204 0.168 0.169

Si 13.77 13.87 0.75 0.73 0.70 0.69 0.93 0.96

Mn 60.26 60.13 81.95 81.92 78.50 78.42 80.70 80.79
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Table 10 Comparison results of ferromanganese and silicon-manganese alloy by

XRF and national standard method w/ %
MnSi 1 MnSi 2 MnFe 3 MnFe 4
LR G I I I
Element XRF National standard XRF National standard XRF National standard XRF National standard
method method method method
P 0.149 0.146 0.439 0.446 0.058 0.06 0.208 0.214
Si 18.32 18.17 11.57 11.46 1.02 1.00 1.03 1.04
Mn 66.85 66.72 52.11 52.18 81.73 81.51 68.37 68.22
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Determination of manganese. silicon, phosphorus in ferromanganese

and silicomanganese alloy by X-ray fluorescence spectrometry

with fusion sample preparation

WU Chao-chao' ,CHEN Zi-bin* , XING Wen-qing' , MA Xiu-yan'
ZHANG Xiang®,ZHANG Yi’
(1. Baowu Steel Group Shaoguan Iron and Steel Co., L.td., Shaoguan 512123, China;2. China Metallurgical

Information and Standardization Institute, Beijing 100730, China;3. Research Institute of Baoshan Iron and

Steel Co., Ltd., Shanghai 201900, China)

Abstract; During the determination of alloy samples by X-ray fluorescence spectrometry (XRF) with fusion
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B4 HT,2018,38(3) :14-21

sample preparation, the problem of platinum-gold crucible corrosion in alloy sample pretreatment should
be emphatically solved. Anhydrous lithium tetraborate was selected as flux and barium dioxide-lithium car-
bonate was used as oxidizer. A determination method of manganese, silicon and phosphorus in ferromanga-
nese and silicomanganese alloy by XRF with fusion sample preparation was established. The fusion sample
preparation technique with low temperature preoxidation was adopted to solve the problem of platinum-
gold crucible corrosion by ferromanganese and silicomanganese alloy. The influence of ignition loss or igni-
tion increase of ferromanganese and silicomanganese alloy on determination results was eliminated with
carbon ignition loss base and elimination term. The effect of experimental conditions (such as dilution ratio, ad-
dition amount of oxidizer, fusion temperature and fusion time) on determination of manganese, silicon and
phosphorus in ferromanganese and silicomanganese alloy was further discussed. The following optimum
conditions were obtained: the dilution ratio (m aunydrous tithium teiraborate © M sample ) Was 7 2 0.25; 0.5000g of
barium dioxide and 0.5000g of lithium carbonate were used as oxidizer; the fusion temperature was
1100°C; the static fusion time was 150s. The detection limit of manganese, silicon and phosphorus in
method was 10 pg/g, 25g/g and 18 pg/g. respectively. The precision tests were conducted with national
certified reference materials of ferromanganese (GSB03-1687-2004) and silicomanganese alloy (GSBO03-
1316-2000) under the optimal experimental conditions. The relative standard deviations (RSD) of determi-
nation results were 0. 088% and 0. 053% (Mn), 0.35% and 1.1% (Si), and 2.9% and 1.2% (P), re-
spectively. The actual samples of ferromanganese and silicomanganese alloy were determined according to
the experimental method, and the results were consistent with those obtained by the national standard
method. The proposed method could meet the requirements of routine analysis.

Key words: X-ray fluorescence spectrometry (XRF) ; fusion sample preparation; ferromanganese alloy; sili-

con-manganese alloy; manganese; silicon; phosphorus
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