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RES S 0613.72; 0614.711; 0613.62; 0657.31
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Table 1 Microwave digestion conditions
e YIRS L EJ) FHbEFE GRFRE ]
; (W) (c) (bar) ('min) ('min)
0 <40 <2 20 0
2 600 200 40 5 20
3 800 240 60 5 50

1.2 bRifEREi 32450

BRI R Y T - GSB 03 — 1562—2003 , GSB 03
- 1058—1999, GSB 03 - 1059—1999, BH 0310 - 3,
BHO0310 —4,GBW 01424,

TS IR e R SRR - 24 AR At

TR R 7 PRI 7 g AR, i A 100 mL 7K,
P AR 30 min, B EZHEH

S E K LB K
1.3 SEusJiik

FREL0.2000 g #F 5 F 5 VU 5 £ 4 8 1= i 70 i
SEH, IS mL iR .3 mL &R 1 mL SRR,
TEVOE S5 T HEATIROH I IR o TH e e FLIH g A
SRS HI B EIRSG , FIA S mL AR F Bl ER VW, i A
T NG 30 min, 2G5 R, KT
VS 2 100 mL SURL A fff D, e 4, 2T
WD AE o [m] B ) 28 25 VAR o

2 AR5
2.1 PRI EE

XHERFE G B bR P s A AL, 38 R T A
BRLR i SR, IR R AR R B A e SR AR I A
AgsMiE ™ o SCHRC6 ] EREIIA 5 mL W 40AR A 1 ml
SURPBRIS IR IRAR R, 19 2 TRV IR, X A
ZA RO R BT 55, oo SR M8 P ) AR AR — MBS oz it
4 mL. PEBRAR Bk P b AT AR — SE R S VR R I, SR A
AR B AL RE S0 A, ASSE IR E T S mL AR A % =i
RS b 2 o3 o, 4] 3 mL @ R A 1 mL
SR M e A ) RV A ), T Ak R P AR 22 4, TH A
SRERHI B IR, TN S mL (MRS, 5T
TP N2, A BT B

TEA R B S AR R HPOIA St Mn | P ¥k & 73
B 5 me/L BT TEAR AL LB 25 1F R, B 4K ke
BRI ICER Si Mn P 507 S i B2 PR 5 i o 55
B BRSPS A S i JEE I i 1 A e S I A
(YT T A S 2 SR R A PR o A 11
TG/ ]S s M PR i S5 6 B B AR AN 32 A IR A
R o T I o A R R I, A I TR YA A TR

A BRIN NLER AR IR | 5 SR AN EURER , I I H A
BIIR S  ack 1t TR , LA/ Vi R R X N 45 SR A
IERIERE R G R AR 1k
2.2 ikt

TEDE BB Bk P SiMn (P I 2512 18 Cr Fl
Fe RYBEMAFZIE . A SEEG R H] Cr Fe (Y BIT R bp ifE
VEWRAE SiMn (P 32 b JEAT 5 2474, IF00 3 P ik
framn, X THoe R s e TR . it
FIY (371.07 nm) #1 In (230. 61 nm) {E N NHRIG
REAR 5 IR IR MR BN, 523 R B Si
Mn [P () J5F S o BE A2 B4R Cr Fi Fe 195200 55
/I, I i B B AR v B ST RS R G B A
VCFCIE AT IE R Cr A1 Fe X Si Mn P (113

WFE 251. 611 nm 2y Si {5 fri 2k, 257. 610
nm 2N Mn {73 #ri £6,213. 618 nm Jy P 473 Hr ik
2. 1E Si 251.611 nm F Mn 257. 610 nm 53 Hri
LRALBAT HAM TR A T4, B3 s e A AR BRI EL 5
1E P 213. 618 nm /Mt it 5 A Cu 213. 598
nm T3, o B PEHE 213. 613 ~ 213. 623 nm X
B, B R kR 213, 618 nm A fl]3E % Cu 213. 598
nm v/ B 1Y) 213. 628 ~213. 633 nm X,
2.3 T ik

PR E R A& Bk bR MEY) it GBW 04124 .BH 0310
-3 BH 0310 -4, ¥ f8 1. 3 15 7L RE il 7 b
HERTZR o X 28 Y 2 EABCPATIESEDNE 11 1k,
SERMEL R 3 A5 i T O 22 % 17 F) i B (LB Ry 45 T 3R Y
K BR o JTR ML MR AR REIr ik
G BRUL 2, Si pKEHHER A 0. 0017% , Mn (446
FRA 0.0025% ,P {46 H BR A 0. 0033% |

2 rpTihd. SR DR B TR IIR
Table 2 Analytical spectral lines, linear equations, correlation

coefficients and detection limits of the method

. TS A

s B e

(nm) (%) 2 (%)
Si 251.611 1.00~6.00 y=7.89 x10°% +0.91 x10° 0.9999  0.0017
Mn  257.610 0.10~2.00 y=2.11 x107x +1.59 x10° 0.9999  0.0025
P 213.618 0.02~0.10 y=2.03 x10% +1.29 x 10° 0.9%1  0.0033

2.4 JiiERE B NERG L
I L3 575 S AR BRI 5 o B B R i) o
GSB 03 - 1562—2003 ,GSB 03 — 1058—1999 FI GSB 03 —
1059—1999 4% 11 Y, Bk 7 v RO 2 SRR E , I 7
LERILAE 3,11 YA ARX TR TE( 22 (RSD) 7E 0.8% ~
6.0% Z &) AN S R ER) BT E S R SARHEEY) & o
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Table 3  Precision and accuracy tests of the method

A . (%) RSD
FRAEY) T JLHE

PRl v (%)

Si 1.82 1.74 1.3

GSB?%_%E;:O% Mn 0.30 0.34 3.4

P 0.019 0.023 4.7

Si 0.41 0.37 5.4

CSB?%‘%%;;)D” Mn 0.19 0.22 6.0

p 0.015 0.018 4.4

Si 2.95 2.81 0.8

GSBOL‘E})'%OS9f1999 Mn  0.34 0.29 4.3

(R P 0.022  0.017 5.8

2.5 Jilkbext

TEI 2 ANSEBR B A B i, 2001 5K SR 6 ]
LA BRAE ICP — AES 3 X IO % (XRF)
ARSI LA TER IO o 3 4 iR nT LIR
M, =R % A0 I R (R AT, W WA T 3 v T
FHEE T 1CP — AES 3%, AR Ty 3k i Ak B g 20, i 2D
TR A (TR, BRI ST

4 AWTJTEERA I

Table 4 Comparison of analytical results with different methods

MEME (% )

FEMmSis TR

ARk 4 ICP — AES XRF

Si 3.75 3.81 3.68

1 Mn 0.98 0.95 0.93
P 0.037 0.033 0.029

Si 2.99 3.03 2.94

2 Mn 1.24 1.29 1.22
P 0.028 0.024 0.023

3 4k

AT SCHR R FH D8 I8 91 fife B2 A Ak B fh 1CP —
AES 7€ = % Bk R 1 B A SCLE L D5 95 1 A L
X BRI R AT T et ik, S8 T O S
Mn P A 5E o A T7 L 0AL T HF fh 9 TUAL B P
DRI T A Ao 7 P B0 TR T A 2 B % R 2 T e
G, PP e SRR A S SR T e o T ) RV A, i
TR AR R (SR 2 e A . 1CP -
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Determination of Silicon Manganese and Phosphorus in High Carbon-
chrome Iron by Inductively Coupled Plasma-Atomic Emission
Spectrometry after Microwave Digestion

HU De-xin', XIAO Kui', WANG Xiang-dong® , WANG Zhen-kun', LIU Min', LI Quan-bin'
(1. Minerals and Metallic Materials Inspection Center, Tianjin Entry-Exit Inspection and Quarantine Bureau,
Tianjin 300456, China;
2. Tianjin Inspection and Test Development Service Co. , LTD, Tianjin 300457, China)

Abstract; High carbon-chrome iron samples can be decomposed using strong oxidizing acid, mixed acid or by the
alkali fusion method under high temperature. These chemical procedures are complex, especially the alkali fusion
method , which introduces a large amount of interfering ions such as Na*. Microwave digestion technology is widely
used in the pretreatment process of insoluble samples. This pretreatment method combined with Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES) has been reported to determine Fe in high carbon-chrome iron.

Based on previous studies, a method for the simultaneous determination of silicon, manganese and phosphorus has
been established in this study. HNO; is conducted to digest easy decomposition components in high carbon-chrome
iron. HClO, and HF are then loaded to digest carbides and silicides. Since there is a reduction in the volume of
HCIO,, the process is stable and safe. Using high carbon-chrome iron standard materials to set up the calibration
curve, and Y, In and Bi as internal standard elements, the detection limits of silicon manganese and phosphorus
were 0.0017% , 0.0025% and 0. 0033% , respectively. Precision and accuracy of this method were verified by
using high carbon-chrome iron standard materials of GSB 03 — 1562—2003, GSB 03 - 1058—1999 and GSB
03 —1059—1999. The results were consistent with the certified values. The relative standard deviations (RSD) are
in the range 0.8% —6.0% (n =11), and the relative deviations (RE) are from 0. 044% to 0.227% . This
method has the advantage of digesting the sample completely, is safe and has a simple operation process and a high
degree of accuracy, which can also be used for the determination of several elements in high carbon-chrome iron.

Key words: high carbon-chrome iron; silicon; manganese; phosphorus; microwave digestion; Inductively Coupled

Plasma-Atomic Emission Spectrometry
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