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Determination of Cr Fe Mo W in Hastelloy C-276 Alloy
by ICP-OES with Microwave Digestion Method
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Abstract: A method for the determination of Cr, Fe, Mo and W in Hastelloy C-276 alloy using an inductively coupled
plasma—optical emission spectrometer (ICP—OES) with the microwave digestion method was developed. The sample was
dissolved completely with 10 mL of hydrochloric acid —hydrofluoric acid = nitric acid (with 10 : 1 : 1 volume ratio).
Experimental conditions, including comparison of different methods for the dissolution of alloy the selection of elemental
line, background correction and optimization of instruments parameters, were discussed and optimized. The analytical
spectral lines for elements were selected as follows: Cr 267.716 nm, Fe 238. 204 nm, Mo 202. 031 nm, W 209. 712 nm.
The linear correlation coefficients of the calibration curves were all over 0.999 5. The relative standard deviations ( RSD,
n=6) of the determination results were less than 1.64% , the recovery rates were from 97.8% to 102.7% . Compared with
the certified values by the standard sample of nickel base, the results showed that the method is rapid and accurate, and
can satisfy with the requirements of daily testing.
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XU B SO T AR —1CP-OES I M3 [G C-276 A& Cr Fe Mo W JTTR 35

B EB TRK FCTE S W R I A 4 10 SCRRR
W AR BT T 1 GB/T8647 -2006 i | ¥
A Cr Mo W JCE MM 75, Fe J0E R AR LK
MR Sy F G RE 1 B & i ik A 700 52, B3 A7
ERIE LR E IR R C-276 A A 4
TR Fe MINE , 3F H I ik AF R 4% 40 it [a]
K L H ot R A RE ] B 45 n) . e Jh
BB TR R SRR TR0, BoA R
JEE VR K FRARR 252 L v 0 S % 4, AT L
SCPUE R R R 2T R RN AT, B N H TR
PG R,

AR FEEHIE T IR C-276 SA MM T,
VERRERIR AR | TR 1 R FH sl T A 1 A i
FE RO TEREES 4D & = i | e SH B B R A
JE IR AN 58 4 HAIR0E i P 46 ()
PR T GG M Brig &k b T 240 &
BH A7 ik ELA B R MER M A e v i T R
(18 A P R R

1 RIEES

1.1 FEMNSFERIIESH
Optima—4300V 7Y i Bl & 45 B3 IR J5 & 4

AN N b R s (B A& it SRR S L R4 ) , 8
314 R 2R (PE ) s MWS -4 S8 00 14 fi 4, 18 [
BERGHOF A d], TAEZH. RF TI# 1 300 W, 45 &5
FAWE 15 L/min, ZHS M & 0.7 L/min, Fi IR
i 0.2 L/min, BEE0HEH 1. 5 mL/min, WLESH 12
mm , BT E H 3 2 ~10 s, FUMREL 3 IR,

1.2 XTI R

HCl(p=1.19 g/mL, Lg% 4l) ;HF (p=1.13 ¢/
mL, 4 4l) ; HNO, (p=1. 42 ¢/mL, 4% 4t) ; Cr.,
Fe Mo W JCRRME AW (5 W21 1000
mg/ L, 5% Merck 28 7)) 5 13056 FH 7K Sk v 4li K ((H B
FN18.2 MQ - em™) s AR IR (10, =99.99% ).
1.3 HmigkE&

FREGARE 0. 10 gCRERIZE 0.000 1 g) , B Tk
THAHE ( DAK100) H1, it A 10 mL HCl1-HNO, —HF
(RREE R 10 - 12 D IRER, EBHE, HE 1 -
FEHEATIH M, T I A R IR 5, R A R = R E R
Je FRE B DRAE i 58 IR RIS 78 22 100 mL Wk &
P, KRR E 20 $2 5, 50U TAE Rt AT
D B[] IR Al s e
1.4 FREBHRES

BRI T AT R SR HERR

®1 BUKEBRER

Table 1 Program of microware digestion

M AR/ C FHR S} E]/ min LR E/C LRFEHF ]/ min wmRIF/kW
1 Eif 1 150 3 1.5
2 150 1 175 20 1.5
3 175 3 100 2 1.5

SRS A5, >R FH R 4l 5 Cr Fe Mo W JT
R BC IR AR R 9. A v e i T
WS 10 000 mg/L . 403 2 fF%, 7E 4 /> 100 mL

SRLZS T, A Cr . Fe Mo W FRAEG W, )L AT
e IAFEIR R — 2, IR B E 2 B 840 I
] 1 R A R v R TR R

K2 REBBRIPETERERE

Table 2 Concentration of each element in calibration solution series (mg/L)
PR Ni Cr Fe Mo w
STD-0 1 000 0 0 0 0
STD-1 675 120 55 120 30
STD-2 625 140 60 140 35
STD-3 575 160 65 160 40
STD-4 525 180 70 180 45
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2.1 MBBK C-276 & RMBAANIERF

IR C-276 Aa)m THREMMmE &, Hh&f
re et B B B A S T R AR BEME B O,
TR ALk BN 7 B N R S0 4 VA ROR
RIS, A SCHRITE ) AL 4 4R 2 ik

FER TR BR W IR B A0 AL B B2 e o 1 o Wi Ak 280 i)
R (R R A R R 5 | A 2 KRR R AR 9 25 1 sk
RGBT I E SRR E . BT, A
YOI R e ER T 8 R 7 AU E VA i 2 1
TXHARESE TN B TR A R 10 mL. 2540
73 gl

x3 FREGHRHBAMBIR

Table 3 Dissolving effect of different mixed acids

REMR

B i B

i

A (L) /°C A 1E]/h RS

1 HCI-HNO,(3 : 1) 140 ~ 180 3~4 VBRGNS, S AN o8 4 B WOR Vil
2 H,0-HCI-HNO,(1:1:1) 140 ~ 180 3~4 i o R AT S ER TS SRR
3 HCI-HNO,(1 : 3) 140 ~ 180 3~4 IR, AN 58 4 HLIE R 3
4 HCI-HNO,(5 : 1) 140 ~ 180 3~4 VRGNS, o AN 58 4 B WA Vil
5 HCI-HNO,(10 : 1) 140 ~ 180 3~4 e iae o R AT S ER TS SRR
6 HCI-HNO,(15 : 1) 140 ~ 180 3~4 RGN, AN 58 4 HLIE R 3k
7 HCI-HNO,-HF(10 : 1 : 1) 140 ~ 180 2~3 ARz AR ATV R o8 4 RO 5
8 HCI-HNO,-HF(10 : 1 : 1) RH 1.3 T 0.5 AITE 0.5 h IR 584, TEIRIA ¢

LB .1 ~6 SIRAMRTER K T iR 17
FEVS R TR NS N4 IR IRE MR (W &
A KARINE ) 57 SR A TRAEH R T 1R 8 0] 7 o
4 VWK = (W Al {E HF-HNO, IR MR T e
FELE) BRI TAERCRIC T ;8 SR G
VBT T R FEAE 1 h DA o8 4 LY
WOE 52 98] T AR AR, L 25 S mT A,
TR T A s AR AR 3 T VA IR SOR O HL B A R
PR JOEBIR A A PR LA, 2 B0 43 ik
FERI B, HIE, 50 % 4% HCI-HNO, —HF (/A&
R 10« 1 2 1) IR G TR, HEEHITES ~
10 mL M'H.

2.2 SImGEKIERE

£ ICP-OES 43#rH , i 2 iy e 45 B 35 il
BE SRS T 25 5 A TR P, 45 B I RS TR AR 4 77, A4y
MreR B i T AR U R ERL 3 ~ 5 ek ki ke
i PEA A& TR & A BL ] Ni (600 mg/L) |
Cr(160 mg/L) Mo (160 mg/L) . Fe (60 mg/L) W
(40 mg/L) 5545 TR AR WL, ZEAES L ab AT A
PAFFARES T, T oe Z TS Y | W& R E S kit
TP HTIERE. 23 X AR HE A 3 AT 4R 1 D615 43 B
VERE TGS Pk B 1 R T P Y B R U S

AR ST I aPrigLk I E T IR
s, Bk gk 4 pry).

R4 TESMELRERERME

Table 4 Analytical line wavelengths and background

points of each element nm

JLR TR R GE W
Cr 267.716 -0.031 0.026
Fe 238.204 -0.023 0.024
Mo 202.031 -0.016 0.015
W 209.712 -0.037 0.041

2.3 (UBREIESHERE

SHTIE R R TAL B - B AT O 5 1CP
IS B HY R RIS e R A
SICEX R, FEIHE T 3 AN FESE A
S S5 A0 AU DA SRR A3 BN 0 A M RE Y
.
2.3.1 HMERIIREE

WU STD-3 IR G FRUEAI, DRAFAS S 1) HoA 25 1F
AR R RS 5 U, 7E 1100 ~ 1 400 W i [H
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WITLL 50 W BT | 2 5 U R X 5Um T R
MG MR LA, T4t . & DR
AR XoF 5 B AL P 3 R T e HL T S b o, PR b
IR IS P HASE AP R TR SR
JE BTN 1300 W A,
2.3.2 Ffkdeiimiket

HUSTD-3 IRA PR UER I, [ D134 1 300 W,
RO RERERE 5 IR, HAh S5 AR AR S5 A0 S 2
S 0.5.0.6.0.7.0.8.0.9 L/min #4751
Lo 72 2SBS0 ie B =iV B 21 DIve- 103 9 & i A e
S, Ay AT IS . 55 AL AN T B K, 5 (1 B = 4
ﬁ,ﬁ%gﬁgﬁﬁ%%% B EiA$ 0. 8 L/min
J& B TR X R AR T B (57T LU AR AR E MR
U A R AR M 0.7 L/min.
2.3.3 FOWREBGER

FEEAEE TN 0.7 L/min, Z1E 1 300
W, BB 8 1.2.3 .4 .5 K, HUSTD-3 1R
B bm T RO A 6T R I RSD% . A M 4
W YR B PE 2 IR A4 IR, 450 R R SHe4
Xof i P AR AR X s AR 22 24 /N T 0. 6% . 275 5 e R
SEME O S A SRR RECR 2 K.
2.4 RAEMKREHEHEXRE

AL ES TAES BT &S R
FREHE R A3 S EA TN A, DAAR DU 50 28 19 ot i TR

(X) A br, IS am B (V) N hR il T AE
M4k, 19 214 TR MZME T R P AE C 25k, sk
5 fr3).

x5 KUATEREUEREXRY

Table 5 Linear equations and linear correlation

coefficients
TR 2ok A 7 R LRI R AL
Cr y=867.35x+47 380.69 0.999 91
Fe y=865.43x+54 371.23 0.999 95
Mo y=925.47x+16 784.70 0.999 93
W y=965. 13x+79 832.57 0.999 9

5 5L, L TR Il 2 LR A
0.999 5 LU I, Gtk RAf, Wik i UK
2.5 HRHW

Fie BRI Ty 1k B 7 H AR TAE S5, XTIG 1K
C-276 HAFEMATINE 6 WK, HH1T THE % R,
gk 6 g

H 6 AT BE SR TE 6 YT Hh 45 e K il
FE 25 A A T bR E A 2% (RSD) 76 0. 53% ~ 1. 64%
Z 4], Uk R IZ 7 VR B e r RS T W R A 43 T
HhokG 2 R

&6 BEERL(n=6)

Table 6 Results of precision test

JLE I 5E 25 5w/ % SEHIE 10/ % SD RSD/ %
Cr 16.21,16.29,16.17,16.32,16.26,16. 42 16.28 0.088 0.54
Fe 6.75,6.68,6.81,6.79,6.73,6.83 6.76 0.056 0.83
Mo 16.56,16.35,16.40,16.39,16.55,16. 44 16. 45 0.088 0.53
w 3.56,3.68,3.61,3.72,3.65,3.70 3.65 0. 060 1.64

2.6 hnEREYR L

i [0 Ae 25 AT FH A Al et BT O 9 ) T B2 7
TR I — 2 12 B B 0 5T 22 A R T T, 4 B
T3 Bt o (A AR TAES BT IE a5 Rk 7
JIr 5.

H R 7 AT AT R B INAR [FCRAE 97. 8% ~
102. 7% Z.[8) , FH 25 S vl 4.
2.7 EHERE

TEE U R B = iR A B AR TR i, 1% BRI )7

Fx7 MEREEGRIEER

Table 7 Results of recovery test (w/%)

LR MEE nbse WEEE B
Cr 16.32 10. 00 26.57 102.5
Fe 6.72 3.00 9.69 99.0
Mo 16.40 5.00 21.29 97.8
A 3.63 3.00 6.71 102.7
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Table 8 Results of accuracy test (w/%)
FRUERE S LR bEE S CPIEE
#1700 ( Ni80Cr20) Cr 21.50 21.62
Fe 1.23 1.21
GBWOI501 (#5#54) Mo 4.13 4.16
YSBC11515-93 (K3) \% 4.91 4.93

I3 8 AT B A f P s 0 2 A o (55
SE(HARPTREBE RS, 45 5 3 6 R o 4 2 1 K
T RIAR DGR 45 3 TR WA 7 3 R dl 45 A vf
B TS RRE TR LS

3 Fig

A7 T — B T % - ICP - OES &1l /2 1y K
C-276 &4 Cr Fe Mo W JTR M. ASCR
F HCI-HNO,-HF (fABIHL 10 : 1 ¢ 1) IR A TRAERDE
THRASO A R RO TERIE A 4 b & s 8 =i 4H
R AR W R N I 18 A e 4 Hilil
VI A . R AR TAESEORE T,
DN 245 SR 0 AR X 5 #E W 22 (RSD) 7 0. 53% ~
1. 64% Z 8], FRIESCRTE 96. 8% ~ 102. 9% [ ;
TG B AT i LA B b i e M A e 1, 18
T H A A PRI R

S

FIRUL, 4 ) S8R T, A5 Ot Rt Im RS X 304/C
-276 SFFURLEIC R A A 2R e RE R I ()],
FA (48 74,2015 ,25(1) ¢ 15-22.
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