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Methods for determinling elements in nickel-based superalloys
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(CNGC Institue 53, Jinan 250031, China)

Abstract The revision of analytical standards for nickel-based superalloys in the last decade and the progress in
analytical methods was reviewed, including the revision of China’s national standards and American ASTM standards, as
well as the characteristics of analytical methods such as atomic absorption spectrometry, atomic emission spectrometry,
inductively coupled plasma mass spectrometry, isotope dilution mass spectrometry, etc. The advantages and disadvantages
and the scope of application of each method were compared. At present, there was no corresponding national standard in
China. The current analytical methods were old, cumbersome and limited, which restricted the development of superalloys

in China. Based on the characteristics of different test technologies, a set of sensitive, accurate, low detection limits, fast,

simple, and automated method might be used to achieve a leap in elemental analysis in nickel-based superalloys.
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fE SR 2RI
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WA R Z — TEmIR A &Ry 5 7, ASTM JefE e 1
XA AR RO E AR k. 35 ASTM E1473-16
CHIA 271 53 B8 Al R e T B 4 A v 77 15 ). ASTM
E2594-14 il ICP-OES %73 Hr i & & B AR a8 5 125 ).
ASTM E1834-11 { HIf1 247 J5 WSO 1S L A AT R 5 4
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LA SRR T A T R IR vk . BRI
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FIZRTR A 7R R ) A3 BRI A i 2 P 58 =30, 1A 748
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JEF WSO 3 2 R G 4 R IT R A SCHI ST ik J
W1,

1 REFREREENSHESETTE

HINEASRES JCE K Kt B SCHk
Ag, As, Bi, =
GF-AAS Pb. Se. Te GBW 01631 %4 - [14]

GF-AAS Ag,Pb,Te, Tl HUEEiRA4
NCu28-2.5-1.5 il

002 pg/g [15]

GF-AAS Bi I ng/L [16]

HNi65-5
Fe, Co, - 1.8,3.7,6.5,
CS-AAS Pb. Zn BRI 073 pe/L [17]
FAAS Cu BG4 0.038 pg/mL [18]
GF-AAS Te BAEERAS 0055 wg/g [19]
GF-AAS As B A4S 0.00004% [20]
GF-AAS Sn BB A 4 082 wg/L [21]
—C.H ey

(Nﬁfé D Mo BEERA4A 003 mg/L [22]
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IR & S G E & 2l IR i As, B, Bi, Ga, Ge, P,
Pb, Sb, Se, Si fll Te MYk, TTE PN 92%~97%.

B EEA SRR BB TR S R, T A
VR RS TSR A TR I B, FOAR S T 4R
T2 O T SR FH R R DG 3 0 R AR T A, i ST T %
TELEAU G (MSF) BEALHGIE TR 1A 1. % A
HiBR>M 0.001 g/ mL, KEHEHTZR AL PEAROC R ECH 0.999 9.

KREBEASE RS 410 ICP-OES W2 T4 Mt &4
SRR . TR AT xR A 4h As, B, P, Se, Si 5
Pl 4 J8 o R EAT TN, R K A SRR R A R AL 3
FEM 12 RIS F T A A AR G B T R e .

TEAE A B 5 T8, RE K S5 Y B ST T AR ) L 1
HCI-HNO,-HF LKA i e U g S i il 5 ke,
FH ICP-OES il 8 & 4 ik .

JRF R S B I 6 4 h s R ARG 5T
Wk 2,

2 BEFESREENBRESEHTE

JEUE JTHE FEfh i BR ik
ICP \% IR A4 0.051 wg/mL [29]
Al, Mn, Ti, 0.11,0.01,0.04,0.20,

ICP  Si,Nb,Ta, #HHEEA4  0.02,0.30,0.09,0.07, [30]

Mo, Co, Cu 0.004 mg/L
GH4720Li Bk
ICP B Ry 0.005 wg/mL [31]
. 0.002,0.003,0.0009,
ICP Sléz/méop 1\(1:: Bk A4 0.002,0.001,0.002, [32]
T 0.003 wg/mL
MPT Fe BRI ERA S 18.96 ng/mL [33]
ICP Mn, Fe FAR 4 0.001,0.0006 wg/mL [34]
ICP Co e 0.001 pwg/mL [35]
Si, Mn, Mg, 0.0012,0.001,0.0003,
ICP  Cu,Zn, Cd, BaA 4 0.0003,0.005,0.002, [36]
Pb, Zr 0.015,0.0009 p.g/mL
ICP Pb LR A 4 0.0003 pwg/mL [37]
Cr, Si, Mn .. 0.0004,0.0003,0.000 1
ICP P, Cu,Fe, cr 01\/1;22@%% 0.0002,0.0004,0.0003, [38]
Ti, Ce He 0.0002 wg/mL
ICP Fe, Ni B 4 - [39]
Si, Mn, Fe, Cr, AeVE A
ICP ™ Co. W BG4 - [40]
W, Mo, Co, oy 0.5,0.85,0.077,0.27,0.3
’ ’ ’ =] =R =AY ’ ’ ’ ’ ’
1CP o1, Ti, Nb, Fe RIS 700 04 pg/mL 4]
ICP Ni HILA 4 - [42]
Cr,Ti,Nb, e A 0.01,0.0069,0.035,
ICP o Fe,p  TREERBEE T 00 013.0000 4]
Al, Cu, Mn, 0.038,0.011,0.017,0.015,
ICP  Si,Fe,Ti, HIEEEAE  0.014,0.009,0.085, [44]
Mo, Cr, Co 0.013,0.032 pg/mL
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£3 BHEBESEETERILEINERESEHTE
JCH R K R SCifk
Cd, Te ARG 4 0.08,1.0 ng/g [61]
Sc, Cu, Zn, Ge, As,

FEFL R R A s _

Ag. Cd, In, S % 20 fil BRI IR [62]
B, Mg, P, Cu, R == DA

Zn, Ga %5 15 Fi ARG 4 [63]
DD6 3k 8 ey

Sn fﬂ%,;jfi“m - [64]

La, Ce, Pr, 1o A 0.023,0.021,0.025,
Nd, Sm kS g 0.075,0.057 ng/mL 5]
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