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Table 1 Effect of sample size on analytical results of carbon in Fe-Si-B amorphous alloy strip
B S o W {H FHE e 2% AF S s o . 1745 1
Sample si Found Mean Range i 25 RSD Mel Signal
; ) elt
No. e w/ % w/ % w/%  (n=T~N/% ‘ peak
" INTE R 0.066,0.067,0.066,0.066,0.064,0.064,0.064,0.065 0.065 0.004 2.0 IE % WTIER P
K H 0.045,0.052,0.057,0.059,0.062,0.052,0.056 0.054 0.017 10.5 6 A7 I U oRe i
24 INEE R 0.081,0.079,0.081,0.081.0.080,0.080,0.079,0.078 0.080 0.003 1.4 EH# WIEZS
KW H 0.060,0.068,0.062,0.071,0.071.0.062,0.074,0.062,0.065 0.066 0.014 7.7 AR EES P
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Table 2 Effect of sample mass on analytical results of carbon in 2 sample chip of Fe-Si-B amorphous alloy strip
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_ SR )
it SRR Found Mean Range (n=6)/ Melt Signal
Design value  Practical value w/ % w/ % w/ % % peak
50 5749 0.082,0.084,0.084,0.078.0.073,0.080 0.080 0.011 5.1 EH T GELE R
100 10410 0.078,0.077,0.082,0.079,0.080,0.081 0.079 0.005 2.3 EH# T GELERS
150 143+6 0.076,0.086,0.076,0.080,0.078,0.080 0.080 0.010 4.5 EH - I ALIE 25
200 20010 0.081,0.079,0.081,0.080,0.079,0.078 0.080 0.003 1.4 EH P L ARLE A
250 24644 0.080,0.077,0.079,0.078,0.080,0.080 0.079 0.003 1.3 ABORY P GEMLES
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Table 3 Effect of flux type and mass on analytical results of carbon in 2 # sample of Fe-Si-B amorphous alloy strip

Bl ) W& 8 REOLIEN &S RSD s 1k 5514

s K = Found Mean Range (n=3~8)/ Melt Signal

Flux type and mass w/% w/% w/ % % peak

1.7g4 0.080,0.078,0.082,0.074 0.078 0.008 4.3 M A Egmﬁﬁ%

0.3g%-1.7g 48 0.082,0.080,0.078 0.080 0.004 2.3 % Wt T % 4
0.1gB-1.7g 4% 0.079,0.079.,0.079 0.079 0.001 0.50 153 L 17 35 A GELERS
0.2g8-1.7g 4 ggféggjggg?;gg% 0.080 0.006 2.6 18 UL 111 35 W U LIE 2
0.3g8-1.7g%8 0.081,0.080,0.079,0.078,0.079,0.075  0.079 0.006 2.7 [CAN LBy S LR RIE RS
0.2g#-0.1g8-1.7g44 0.077,0.078,0.077 0.077 0.001 0.80 EH T LERS
0.2g#-02g8k-1.7g 48 0.078,0.080,0.079 0.079 0.002 1.3 IEH# A T LIE 2
0.2g%-0.3g8k-1.7g 4 0.079,0.081,0.078,0.078,0.079 0.079 0.003 1.5 E# T G RUE S
0.2gB-0.4g8k-1.7g% 88:188:388388;2 0.081 0.004 1.9 EH# - VR RUEZS
0.2g #-0.5g %-1.7¢ 4 0.079,0.084,0.080 0.081 0.005 3.2 A2 TR T G LE RS
0.1g#-0.4gk-1.7g4 0.079,0.076,0.074 0.076 0.006 3.8 IEH i LI LIE 2
0.3g8B-0.4g%k-1.7g% 0.079,0.080,0.078 0.079 0.001 0.90 EH SR LIE S

HW N 0. 2¢8-1.7g 45,
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Table 4 Effect of the addition order of flux and sample on analytical results of carbon in

2# sample of Fe-Si-B amorphous alloy strip

Blys 700 RE 5 i A MEH (n=3~8) T E W 2 . N 55 %
Addition order of Found Mean Range R?D/ Ktk Signal
flux and sample w/% w/% w/% % Melt peak

0.2g BE-0.2g8-1.7g 4 32?232?:32?;82?; 0.080 0.006 2.6 A9 T, 17 35 - R RUEZS

0.2g8-0.2g ¥E-1.7g 4 0.082,0.084,0.080,0.068 0.079 0.016 9.2 355, 8 K A3
0.2g#-0.4g8k-0.2gH-1.7g 8 0.076,0.078,0.077 0.077 0.001 1.0 IE# T G RUE S
1.7g #-0.2g BE-0.2g #-0.4 g £k 0.078,0.079,0.077 0.078 0.001 0.80 IEH T GELERS
0.2g¥E-0.2g B5-0.4g8k-1.7g 4 0.080,0.079,0.078 0.079 0.002 1.2 EH# A G IE 2
0.2g8-0.4g8-1.7g44-0.2g ¥t 0.076,0.077,0.079 0.077 0.003 1.8 IEH T GELE S
0.2g #-0.2g B-0.4g h-1.7¢ . 0.077,0.078.,0.079 0.077 0.002 1.3 T ¥ LS 0L IE 25

Frdft IR & ik

2.4 HMHREEER

FES AR PR & DL 0. 20g 1, 4% 1. 3.3 5236 )7 s
M Z el & G R k2 FUE(E WSe bR 1. 7¢
BB R G2 HD IR 2 PR HEIR 22 1 3 £%
F 10 A543 0 H 5 07 1 B A H PR A B, SR A
0.2g #)-0. 4g #-1. 7g WAE B FI B, 5k = HE
J(2249. 7)) pg/g(n=10) , K HFR K 0. 003 % , & &
FRM 0.010% ., R 0.2g 8-1. 7g £ 4F B 4 7] i,
FEA AN (4. 416.7) pg/g(n=10), K H R K

0.002% , ERIR N 0.007%, % . LH Tk E =
FR A4 0. 007 % ~0.010%,
2.5 UBEKH#E
BREE AR S A S R TSR MR sk B
BRARMERE A RS . SR 5 VDI bR HE A YSB
C 11111b-99 F& T bR M 508 T2 T 1 8 {5 19 AL
WERE ., R RIUREM BT KA 1 032
YEAE i 0 U004 VR ZR B R L S5 RS TR 5.
25 Al L, 7E 0. 013% ~0. 13 % 78 il 19 - fi £



LIU Pan,ZHANG Yi,CHANG Guo-liang, et al.Determination of carbon in iron-silicon-boron amorphous

alloy strip by high frequency induction combustion infrared absorption method.

Metallurgical Analysis,2020,40(9):24-30

RS WHEMERERPHROVESER

Table 5 Determination results of carbon in steel certified reference materials

T 1 MEME(n=6~8) FHME hRiERE &= WEH fi fey

i Found Mean s Range Certified Bias

CRM w/% w/ % w/ % w/ % w/ % w/%
GSB 03-1670-2004 0.012,0.013,0.014,0.012,0.013,0.012 0.013 0.001 0.002 0.01240.002 +0.001
GBW 01404a 0.026,0.027,0.026,0.027,0.026,0.026,0.025 0.026 0.001 0.002 0.02740.003 —0.001
YSB C 11140a-2011 0.041,0.040,0.041,0.040,0.039,0.040,0.041,0.041 0.040 0.001 0.002 0.04140.002 —0.001
YSB C 11111b-99 0.092,0.092,0.093,0.092,0.092,0.090 0.092 0.001 0.003 0.09240.004 0.000
YSB C 11102a-93 0.130,0.128,0.124,0.132,0.132,0.132 0.130 0.003 0.008 0.12740.003 +0.003

ANKT0.003 %6 0 72 45 FAE N E B 18 J& A1 5 JiE
(PAEFRIEZO NS N . Lk 45 5 W AR TH AR (V-
) GNAR R DUk 9 5T 1 CR AR il A (A i afe 1,
p@) WA AR, F 3R R G BB AR HEAE i 1Y Lk 8l A Dy
A y=0.34120—0. 322, FH K R %L »=0. 998, Lt X
RS, FIRGERIRW R B bR AR o 2 T AR
HE RURCHERR Y 1 58 O RCHE R B L 7T 5

FHBRAERE i HP B 1 5 O 36 ~ 381 g, S8 B BLHA
SCAR AP BN % 3 R [l e 3 3 6 i L R e 1 5
Ug s €10RS W =N SRR/ € 8
2.6 RHEERR

i B S 86 J5 v b gk kIR S W S PR AE
an EATH R IR A5 R IR 6, 3k 6 Al UL, 1Bk
J i A HCA 0.05 %6 ~0. 10 %6 71 Bl P9 . 43 BT 45 2R /9 A

HRbR HEAE B BB AR B 4% 0. 3g 3t BIREGIE  XFARiEd 25 (n =8) ¥I/NT 3.5,

K6 HFEMERASHETXRERTHNSINER

Table 6 Determination results of carbon in actual samples of Fe-Si-B amorphous alloy strip

FE i G = W7 T E 2% RSD
Sample No. Found w/ % Mean w/ % Range w/ % n=8/%
1# 0.066,0.067,0.066,0.066,0.064,0.064,0.064,0.065 0.065 0.004 2.0
0z 0.081,0.079,0.081,0.081,0.080,0.080,0.079,0.078 0.080 0.003 1.4

0.082* ,0.080" ,0.081* ,0.082* ,0.076 ™ ,0.077* ,0.079* ,0.079* 0.080 0.006 2.6
34 0.075,0.078,0.080,0.082.,0.078,0.081,0.081.,0.078 0.079 0.007 2.9
48 0.057" ,0.053" ,0.056 " ,0.056 " ,0.058 " ,0.055" ,0.053,0.057 0.056 0.005 3.4
5% 0.101",0.101 " ,0.098" ,0.097* ,0.095" ,0.099 " ,0.100" ,0.096 * 0.098 0.006 2.1

H BRIREIER 0. 2g8-1.7Tg Y,

2.7 fnkxE R IS
X% 6 15 24 58 FES T IAR RIS . Ui
HFRIL 0. 08~0. 15 g FE i Iy ABE ) B i . TR

A 0.10~0. 35 g SR HERE A YSB C 11111b-99.YSB C
11140a-2011, i A = iR & Bh G 0, 42 1. 3.3 P
FRIR A YRR & 5. ORISR TR 7.

R7T YHUBFEZESEHETIRERBOMRORXEER

Table 7 Recovery test results of carbon in actual samples of Fe-Si-B amorphous alloy strip

[FATE R FrbE i A% i it B HERE B e FR R i Tz & W& B miiEs
Sample Sample Background G5 CRM mass/ Added/ Total found/  Recovery/
No. mass/mg value/pg CRM No. mg ng e %
151.3 98.7 YSB C 11111b-99 106.8 98.3 187.2 90
12 107.7 70.3 YSB C 11140a-2011 237.7 97.5 163.5 96
75.0 49.0 YSB C 11140a-2011 220.6 90.4 143.4 104
131.0 85.5 YSB C 11140a-2011 180.7 74.1 159.6 100
100.1 79.9 YSB C 11111b-99 129.4 119.0 194.8 96
2% 85.5 68.2 YSB C 11140a-2011 266.3 109.2 168.3 92
82.0 65.4 YSB C 11111b-99 346.5 318.8 357.3 92
117.9 115.9 YSB C 11140a-2011 155.8 63.9 181.8 103
5% 109.6 107.7 YSB C 11140a-2011 151.7 62.2 174.0 107
117.5 115.5 YSB C 11111b-99 183.4 168.7 267.3 90
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Determination of carbon in iron-silicon-boron amorphous
alloy strip by high frequency induction combustion
infrared absorption method

LIU Pan',ZHANG Yi' ,CHANG Guo-liang' ,ZHANG Xin-yao'**

(1. Luoyang Ship Material Research Institute, Luoyang 471023, China;2. Henan Key Laboratory of Technology and
Application of Structural Materials for Ship and Marine Equipment, LLuoyang 471023, China)

Abstract;: Carbon has an important effect on the properties of iron-silicon-boron amorphous alloy strip. The
determination of carbon content in iron-silicon-boron amorphous alloy strip by the high frequency induction
combustion infrared absorption method was studied. The key parameters such as sample size, sample mass
and flux were optimized. The optimum experimental conditions were obtained as follows: the iron-silicon-
boron amorphous alloy strip sample was cut in chips with size less than 5mm X5mm; 0. 2g of sample was
weighed and transferred into ceramic crucible, then multiple fluxes were added (0. 2g of tin-0. 4 g of iron-
1. 7g of tungsten, or 0. 2g of tin-1. 7g of tungsten) ; the instrument was calibrated using certified reference
materials of steel. The results showed that the sample size had a significant effect on the analysis results,
and larger sample size would lead to lower determination values. The sample mass, as well as the type,
dosage and addition sequence of flux had a slight effect on the analysis results. When 0. 2 g of tin-0. 4 g of i-
ron-1. 7 g of tungsten were used as flux, the blank value of method was (2249. 7) pg/g (n=10). The limit
of detection was 0.003% , and the limit of quantification was 0. 010%. When 0. 2g of tin-1. 7g of tungsten
were used as flux, the blank value of method was (4.4+6.7) ng/g (n=10). The limit of detection was
0.002%, and the limit of quantitation was 0. 007 %. Therefore, the limit of quantitation of method was
0. 007 %-0.010%. The proposed method was applied for the analysis of iron-silicon-boron amorphous alloy
strip actual sample. The relative standard deviations (RSD, n=28) of determination results were less than
3.5%. The spiked recoveries were between 90% and 107 %.

Key words:iron-silicon-boron; amorphous alloy; strip; carbon; high frequency induction combustion; in-

frared absorption method; sample size



