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Table 1 Instrument parameters
I H Item ZH Parameters
Ar %t/ (L/min) Fiik .55 0h ik, 105 B4, 5
Ar g/ % =99.999, [a] i Bt & A AL 3R
TR EF (] /s 5
Ry EE /s 5
LW/ V 350, 200
JEUESF- L/ A 150.625
JEIEAH / He 250, 300, 400, 450, 500
SAHFG L /nm Fe 371.994(Fe7 i) ; Ni 243.79 (N ARZR)
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Table 3 The test results of element Fe in Ni based

alloy with original calibration curve w/%
o R e 52 (8
Alloy No. Reference value Found
22% 0.034 —0.3358
23% 0.11 —0.5873
242 0.14 —0.546 8
25% 0.21 0.0609
26% 0.14 —0.0855
28%-1 0.56 0.6089
28%-2 0.030 —0.446 3
28%-3 0.454 0.4202

x4 FRBRAEMEZEIT 278REAEP
Fe TEMBHEEEMRER
Table 4 The precision results of element Fe in alloy

27 ¥ with original calibration curve

Table 2 Test samples w/%

L4%T Fedit Modlk | 44%%5 Fealt Modft
Alloy Fe Mo Alloy Fe Mo

No. content  content No. content  content
01# 0.019 2.01 16 # 0.23 3.76
02% 0.022 3.06 17# 0.33 4.04
03 % 0.027 2.53 18# 0.37 1.98
04 # 0.030 4.26 19# 0.51 2.88
05 # 0.032 0.002 20 # 0.99 4.14
06 # 0.034 2.26 214# 1.70 0.63
07 # 0.038 1.88 224 0.034 3.98
08 # 0.060 3.28 234 0.11 7.79
09 # 0.081 4.03 24 % 0.14 8.06
10# 0.098 1.83 25% 0.21 3.48
114 0.099 4.24 26 # 0.14 4.03
124 0.10 1.89 274 0.33 4.04
13# 0.11 3.86 28-1# 0.56 4.19
14 # 0.11 5.07 28-2# 0.030 4.26
154 0.12 3.49 28-3& 0.45 4.53

215 B4 A A L i RE )3 5 AR
Alloy 27 # Intensity ratio Test results w/ %
1 2.9017 0.0143
2 2.8970 0.0193
3 2.8915 0.0240
4 2.8947 0.0125
) 2.8892 0.0233
6 2.8806 0.0118
7 2.909 3 0.0195
8 2.8998 0.0213
9 2.8893 0.024 6
10 2.9056 0.0259
Average 2.8959 0.0197
RSD/ % 0.30 24.9
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Table 5 The test results of Fe element in alloy 28 # by type standardization with original calibration curve
EEE R Sl VB IE E/% THE % 1% 1E E/%
Alloy No. Reference value w % Translation standardization w/ % e Rotation standardization w/ % 0
28%-1 0.56 0.556 2 —0.7 0.5565 —0.6
28#-2 0.030 —0.4990 —1763 —0.4080 —1460
28#-3 0.454 0.3675 —19 0.3841 —15
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Table 6 The gradual computational process of element Fe

in Ni based alloy 26 ¥ with original calibration curve

P8 L Process HHE LR Output

RII/keps 68.3710
RNI 2.1123
SCI 1.6202
RCI 1.6202
LS 1.6202

BCC w/% 0.5578
CRC w/% —0.1545
N1 w/% —0.0855
MRE w/ % —0.0855
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Table 7 The interference correction factors for Fe7

channel with original calibration curve

M IEIJGE Correction element K 1aad K imul
Al 0.03883
Co 0.01229 —0.01709
Cr —0.00667
Mo —0.11723 —0.00305
Nb —0.02244
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Table 8 The gradual computational process of element
Fe in Ni based alloy 26 & without interference of

Mo additive correction

5 Process B4R Output

RII/keps 68.371 0
RNI 2.1123
SCI 1.620 2
RCI 1.6202
LS 1.6202

BCC w/% 0.6099

CRC w/% 0.5556

N1 w/% 0.3061

MRE w/ % 0.306 1
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372.025nm % 2. A . T — 2 A W Mo
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Fig. 1 The schematic of spectrometer optical path
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Table 9 The theoretical results of the emergent light position

TR A/ Z 2k ) fEIR /() SN T A BRI AN
Element M Groove N/(%/mm) @ Focal distance f/m Surface position /pm  Emergent light position/pm
Mo 371.974 1667 26.7 1 9.832106 171603 —33
Fe 371.994 1667 26.7 1 9.834 045 171636 0
Mo 372.025 1667 26.7 1 9.837050 171689 +53
372. 025 nm WY S OE A3 BIAL T — 33 pum 5 +53um  BEHAIE T LI,
Wb HIRT 25 um, TEZMH TANARY #HEH  2.2.2 BEERIE
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Table 10

The precision results of Fe in alloy 27 # without interference of Mo additive correction

445 Alloy No. M 5EH Found w/ %

FHMH Average w/ % AH X AT v M 22 RSD/ %

0.9937, 0.9754, 0.9688, 0.9616, 0.9575
0.9572, 0.9742, 0.9766, 1.0523, 0.9802

274

0.9798 2.7
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Table 11 The test results of element Fe in verification

samples without interference of Mo additive correction

w/%

BEHS Fe & o e
o e ol Mo#dk BRI
No. value of Fe Mo content Found
224 0.034 3.98 0.4234
238 0.11 7.79 0.3730
248 0.14 8.06 0.2882
25 4% 0.21 3.48 0.408 2
26 # 0.14 4.03 0.3050
284-1 0.56 4.19 1.1242
288-2 0.030 4.26 0.4220
28#-3 0.454 4.53 1.0700
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R12 T MoMEFEREDMEGERZ 28FBREAEH Fe TERNNIRER

Table 12 The test results of the 28 # samples by type standardization without interference of Mo additive correction

BEHT TR IE i e A IE

B

E /0 E 0
Alloy No. Reference value w % Translation standardization w/ % /% Rotation standardization w/ % /%
28# —1 0.56 0.5520 —1 0.5560 —1
284 —2 0.030 —0.1504 —601 0.2087 596
288 —3 0.454 0.4977 10 0.5292 17
R13 REHKEEERIEE
Table 13 The comparison of regression results of calibration curve
SiH JoTH 4y BOAE 0. 50 %6 LR I RE F B0t J i A3 B 0. 10 %6 U MR 430t AHIE B -
It‘ Number of samples with mass Number of samples with mass Correlation
em fraction below 0. 50 % fraction below 0. 10% coefficient r
2 i i 2k 6 1 0.9948
FIAPERE Ja K it 22 27 12 0.9989
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2 51 ACHT B PR R o B R
i Fe BIER SR 7B RIIERTE.

x4 BREHMEKSIAFEERREARE P
Fe TERMIXE R
Table 14 The test results of element Fe in Ni based alloy

by calibration curve with addition of new samples
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0. 2026  F5 ALK AT BEJ2: Hh T 6 i P97 2 1 R 587 M
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H =LA AT R IR LG S S5
K15 JTR o W HEA 2k B P00 BT R LA £ OE
€ oo MANKZRE r A, i 1 E A B i 2K (5)
SRAF AN, 2 W] il 424005 B A

ic 2
w/% 5= =T CD (5)
n—=~k
AA%D Fe %%{E {D"J‘Itfﬂ , N " S N VAR =) N i
i N? Reference value %L ) Krfon BS G HIRMEML RSB e RE
oy No. oun
of Fe (ZWRE& k=3, =KL k=1,

22# 0.034 0.2014 . - .
e o oite M 15 AT LLE B = 0% RO R A,
248 0.14 0.2040 0. 23075, I 5 B B ) (R, Ukl 4 1 AR
254 0.21 0.2778 L O S Ot 0 i 45 2R 3kl e o PR OGS 00 it 2
26 # 0.14 0.1395 . . N . . .
o o o TR K = U 2l IR %90 A, (5%
28% -2 0.030 0.248 4 FEAR . PR 2 — Wk i £ )5 R EE A, S —0. 03025,
2823 0454 12438 4R W I T 25 B 60 6 0 IR o, 250

1 F15 =ZXRBRIRHMEEREFSHEER
Table 15 The comparison of regression parameters of cubic curve and conic curve
I X Curve form k Ao A A, As i r
BRI 4 0.23075 —0.09953 0.0617 —0.0004 0.4083 0.9989
ki 3 —0.03025 0.094 34 0.0436 0.3976 0.9990
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2.5 BEERWIE

MAEH LA G 27% A4 (w(Fe) =
0. 33%0) MK L5 HRG % 5 T3k 16, & 16 WLIAE

H,274 A4 Fe i ESS A RSD 24 0. 40%
SWAR B RSD A — B K % 45 R o %
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2.6 IEFEIE
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Table 16

The precision results of element Fe in Ni based alloy 27 # with optimized calibration curve

&4 4% Alloy No. M H Found w/%

FHMH Average w/ % A X AR R 22 RSD/ %

0.2756, 0.2754, 0.2751, 0.2748, 0.2748
0.2731, 0.2770, 0.2758, 0.2746, 0.2768

21%

0.2753 0.40

F17T REHEZAUERIEER FetENMNELR
Table 17 The test results of element Fe in verification

samples with optimized calibration curve w/ %

P Fe 5% (i W
Alloy No. Reference value of Fe Found
228 0.034 0.0321
23 % 0.11 0.1122
24 % 0.14 0.1491
25% 0.21 0.2237
26 % 0.14 0.1215
28%-1 0.56 0.6157
28%-2 0.030 0.026 2
28#-3 0.454 0.5091
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Table 18 The test results of the 28 # samples by type standardization with optimized calibration curve

SR R 2% d TR RIE E/% e % 52 1E E/%
Alloy No. Reference value w % Translation standardization w/% Rotation standardization w/ %
28#-1 0.56 0.5723 2 0.5714 2
28%-2 0.030 —0.0172 —157 0.024 3 —19
28%-3 0.454 0.4657 3 0.4725 4
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Discussion on calibration curve for determination of iron in nickel
based alloy by spark discharge atomic emission spectrometry

WEN Meng-xi'"*,SUN Xiao-fei “"'*,JIA Yun-hai'*
(1. Central Iron &. Steel Research Institute, Beijing 100081, China;
2. Beijing NCS Analytical Instruments Co., Ltd., Beijing 100081, China)

Abstract: The original calibration curve for determination of target element is usually configured in spark
discharge atomic emission spectrometer when delivery. After standardization and curve confirmation, the
testing can be performed by the user of instrument. The accuracy of original calibration curve in spectrom-
eter will directly influence on the accuracy of determination results. The determination values of low con-
tent Fe in nickel based alloy were negative sometimes and the precision was bad when the spectrometer in
our laboratory was used. The accurate results could not be obtained even the control sample was adopted.
In order to meet the requirements of product standard, the downward continuation of lower determination
limit for Fe in nickel based alloy was conducted to improve the analytical accuracy of Fe. The interference
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correction mode and correction coefficient of Mo for calibration curve of low content Fe were adjusted in
experiments, thus solving the problem that the determination values of low content Fe might be negative.
The new control sample was added into calibration curve. Moreover, the original cubic curve for calibration
curve was refitted and changed to quadratic curve, which greatly enhanced the precision and correctness of
determination results. Consequently, a new calibration curve for the determination of low content Fe in
nickel based alloy was established. The lower determination limit of Fe was extended from 0.50% (mass
fraction) to 0.010% (mass fraction).

Key words: nickel based alloy; Fe element; spark discharge atomic emission spectrometry; calibration

curve optimization; interference correction; precision; type standardization
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