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Determination of aluminum, chromium and cobalt in DD6 single crystal superalloys
by microwave digestion—inductively coupled plasma optical emission spectrometry

ZHU Tianyi, FENG Dianying, LI Bentao, GONG Chen, LI Ying, HUANG Hui
(CNGC Institue 53, Jinan 250000, China)

Abstract A method for determining the contents of aluminum, chromium and cobalt in DD6 single crystal superalloy
by inductively coupled plasma emission spectrometry was established. The sample was decomposed in microwave digestion
instrument. The effects of the spectral interference and non-spectral interference of matrix elements and coexisting elements
on the determination results were investigated by using simulated solutions. The analytical lines of Al, Cr and Co were
394.401, 267.716, 228.616 nm, respectively. The non-spectral interference was eliminated by matrix matching method.
The elements to be measured had good linear relationship with the spectral intensity in their respective mass concentration
range, the correlation coefficients were all 0.999 9, and the detection limits of Al, Cr and Co were 0.110, 0.018, 0.003 g/
mL, respectively. The relative standard deviation of determination results was 0.99%—-1.21%(n=11), and the recovery rates
of Al, Cr and Co were 96.45%—103.69%, 98.20%—99.40%, 100.22%—102.85%, respectively. This method is simple, rapid
and accuracy, it is suitable for the determination of aluminum, chromium and cobalt in nickel base single crystal superalloy.
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BT, 6 HAT R T Ry 22K

Bk SRS & RS SRS S —F L B
A e R U AR M RS A T R SRR A
5 E F22 19 F119 B “H A7 /9 EJ200, & TS50
[ 117S S 34 fd AR L B S iR A VR R L
AR, FRE A 20 4 80 4EFR LK, 7ERR
R A SR T KE AW T, e
TSRS RS 4 DD4 2 90 4E£R Y, i
AT Re JCF M5 —ACH &5 5 4 DD6 W & il
I, 404 CR I A A 7= )iz R E 2 S
Jeibfiias & shil.

AR I G A rh SRR P R OCR R HES , 1k
SUAT BN iR L BE A A AR I B i = i A 4, A0
PR A AL R TP ¢, BT ER
Al RERBR LSRR AR FE A KA Cr, Co, W, Ta 5§
MEKE 42 JE AN Re, Ru S5H A 4 Jm ol 3 o [ 7 b PR
JE B ORI T AR T AR T A
JE R HCA I b R e R i A RS
AR BT R AR ], R AE - SR R, ik
WM kLK RE.

H i P AMA A A T 6 PR i T
o EmsiES o B S AR R
PRI A 42 0 207 05 122, 28 Ak 2y b ik R
TWOEHE B (AAS) P HL R A 4 B T A R
¥ (ICP-MS) ', X B (XRF) 75 45, A
T 22 Al 2y B i A A e R ELRERTK 5 AAS Y
RE AT Z I , RORAK ; AFS AR PGS T
200~290 nm LAZMAYICE I AE 5 ICP-MS AT 2
I ICER ; XRE LA bRy o i o AR A5
ZBRHIH R, HRrARae Z . R BB S
AL B TR R SPETE Y (ICP-OES) Ml 5 #7355 4 T
FHHEAREDT " xR RS 4P oo
F e, S HIE 2 o0 2 W I E ST AT 4
HEEFFERMA SR E 4 tig Tk
K ARSI F s M e

B R PRV T 2 W R i R A TR AL B, ST
T HLEHR A A S TR B G I S R R R IR
A4 Al, Cr, Co JLE M F &, Ml it A4

Fahoo
REZS M

VAR

ATIRB 11 B S FRITHE B A L, SE KA At DRAF I 18] 5

BET A ILRIDEE T AR ARG
I 45 R B SR G PR T R 2R R HT SRR DT
P TH R PR TIE , B e 17 00 4 R AR o A o

O, 6 SR S TR A 4 AL Cr, Co MISE AR
1 SEIES
1.1 EEZNE LKA

HL BRI &5 45 B AR DI . iICAP-6300 #Y,
FETER KRB A F]

T8 K F : New Classic MF Y, J8&H 4 0.1
mg, i H AR — FERI A

MO AR : MARS I | 22N A

FRALKAYL : Milli-Q &, & & 45 BN 7]

B VB BRI BRI : TR B 1000
weg/mL, gi 5 4 %] & GBW(E) 080981, GBW(E)
081001, GBW(E) 081005 , 55 Hg Abr Bl A PR 7l 5

Al 4l KT 99.99% , T M kB A PR
YNGR

thi& (1.18 g/mL) HR (1.50 g/ mL) SRR
(p=0.888 g/mL) : L 4li, [ 2548 Al A2l A R
NCIF

AR - PR Al 254 H Ak 2R A FRA ]

SEER K O Ak, i BHEE S 18 MQ - em, H

Milli-Q HUFEAL KA H i ;

DD6 FR 3L i iR A R i < AU SIS AR
1.2 Bk o

BUEETRI: | g/ L, AR 2 Rl FR YA o D
il 1 A

WA TRIEW: 500 g/ L, A FRZ /K i 5 e
T 1

FRINRAPRE TAERW: /3 MR 0,0.5,
1.0,1.5,2.0,2.5 mL 8 5% VB TR AR, BT
6 H 100 mL BB T, &M 12 mL 248553
T4 mL TP £ R VA TR A R R A Y R AN AU RUR , LA
K RE 25 AL, ol T P s R R A R () AR R 0 4
53R 8% F 2%, &5, BRIl BUAR (5% VAl VBRI
WEEINZR 1 s B RINR A e TAEE

F1 RIRAHATERRTETERBRE po/mL

ETR= Al Cr Co Ni
1 0 0 0 120.00
2 5.00 5.00 5.00 120.00
3 10.00 10.00 10.00 120.00
4 15.00 15.00 15.00 120.00
5 20.00 20.00 20.00 120.00
6 25.00 25.00 25.00 120.00

1.3 A8 AL
RF I 1150 W 5 3B R i &2 0.50 L/ min ;
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FASR i 0.65 L/ min ; iH s 24533 . 50 r/min ;
HEEOLM S B 12 mm ; JEPERT R : 30 s 5 PR IREL .
3K BEGHTIE] : 30 s 5 SEAE RS0 VUG LM R
1.4 Hdmarasz

HERAFREL 0.2 g( K515 0.000 1 g) B 5L #A 5 &
EA4REN, BT 100 mL R VUG 2K,
A 8 mL i iR 1 2 mL &SR . 1F 45 1k 5, e
SR AU A, 3 BAER TR R 800
W, JCF-F ]2 10 min, FRIFES ] R 25 min, XFAE &
PEA TR T o T M0 50 B v 0 R BT
%% 100 mL SRR, A 4 mL WA R
W IIKE B BN 385), %5 o
2 SFR5ITE
2.1 HEATAR G kit

BMERSSRA ST IURE SR, %I ASTM
E2594-2009 (R2014) { I HLEHE A S8 TIRIR T &
FCTEE TR & R RS T (JETPEREM)
Tk ) ) F A RE R A BT R R AT A B
BRIV RRTA HONEY), ST E i E (ST
PRI E LS SR TR R SRS S W
PR, AR P AR T SRR 2 R AR, A
1530 W FE SR P vh AR il o VB R T vE . Rt
T FH 2 P 0t 7 A s A B 5 , I T I AT A1 18R, AT
A B G B FR TVE AR A, IR A EFE R G, S =
TESERAERA T
22 REFHEARE

G T RS Tt R ST R MOLIE S
SAHEES, GO 158 201 i 530
TN . BRI FILRERMES R, E2
HERE S G5 H WO H il s R
TR SRR R IE R R A I P
SRR R BT S A T o ik s

57E Al, Cr, Co JCRFTA ATk Lk T il (L
B IAFTCE MR S RN TG R BIRHRE &, LA
FFMTTER M & HEAE TR MBI &, SRS 45 1 DU
TEEOGIETREE R . AR TPl 5 e B Ik
iR E 4 H Al, Cr, Co JERMEALIHTIEL S5 h
394.401,267.716,228.616 nm.,
2.3 AERETIHAAME

s T PGS A T8  fb2= T4 T
Yo M55, Bt ICP-OES myutke 551k %

K T ACEE A B — A B A A PR R W i
L TR A A 2, HME LR TE . I
FUIE R P FEAAR DT IC I AR IE FIER AL T
I 45 SR D 22 E A T b, (R AR SR R e il
GORUL, W HINPRITR Y SRR i 2 iR [
IO, AR E I AGE BRI TAHRE R R,
PRJl e o NUN T E | B9 i i 7 i R =8
TEZEFER) Al, Cr, Co JLR ML T, 7351
S AL M C R 5 S BRRE dh— BRI RE
PABA S Rl o 2R S S PR i — BON & AP TR /Y
FEah, TR R 22, SR R 2.
£2 IBEETHMNELROEM
o AR FEMERIRE /%
Ni Al Cr Co Mo W Ta Hf Re
Al -117 - -1.31 +131 +024 -1.09 +3.11 -240 -2.99

Cr  +2.85 +1.98 - 1204 +233 +3.90 +3.84 +274 +0.41
Co 48337 031 +1.15 - 1048 +3.72 4255 -0.29 +0.02

2 2 HRAT D, Ni TR B SIS T m i ok,
M EITCR W mEN, SO &4 i) Ni #1736k
VERC, BIFE R GARAE TAEE W I ARG 28, fiff
HWRFE S TP MR BEAR Y
24 THEWMZ L5 EAERIR

EINAR TAESAMT N 1.2 P RINR G
FRufE TAES A TIN5 , DARF I T 28 ) Bk B ()
St AR AR XTI A R SIS R BE () MO AR, 2 1
FrifE TAERRZR , T2 [nl ) T RE AN LM R AR O R 8L

TE 3G TAESRME T, M B2 s 11
WK, LA 3 A bR e 22 ik th R 48 % B TR
L ] et e AH I R ER H FR L3 3.

%3 GMTEE. IR R RE R R
AtV are ers DU
pg-mL7)

JLER
(pg mL")
Al 0202500  y=85.77x-2.1279  0.9999 0.110
0.9999 0.018

Cr 0.05~25.00 y=401.16x-0.7815
Co 0.01~25.00 »=1414.65x+36.0851 0.9999 0.003

2.5 MEERXE
e 1.4 I 4030 DD6 5 S A A i 7E 1.3
IUES TAESAE T L E 11 IR, S50 L3 4,
R4 BEEARER

KR /

e W E A8/ T/ RSD/
B (pg-mL") (pg-ml) %
A 5963.5.991.5829.5.876,5845,5.793, (o L1

5.831,5.783,5.964,5.857,5.847

4.486,4.471,4.459,4.420,4.450,4.413,
cr 4.463,4.336,4.408,4.399,4.382 4426 Lot

9.235,9.221,9.174,9.280,9.243,9.220,
Co 9.021,9.020,9.100,9.091,9.129 9-158 099
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i 2% 4 A1 S0, W A SR R X bR o e 22 R
0.99%~1.21%, BLEHIZ 7 G % R 4T .
2.6 FmAREDRGX I

FERE S HOIMA — & =B8R 58 VB T R bR
VSR, TC A BN AT A i, e Jr 2 Dy vk EA T R 1T i
R, SR 5. a5 a[, Al, Cr, Co ffinks
W43 51 R 96.45%~103.69%,98.20% ~ 99.40%,
100.22% ~102.85%. FHIZ 7k HA RAFHERE,
T R B =R S D AL Cr, Co JTTER S Rt

F5 MFEHKER

e IR iz v Wi/ R/
P (pg-mlh)  (pg-mlh)  (pg-mL) %
2.5 8.28 96.45
Al 5.87 5 10.73 97.18
10 16.24 103.69
2.5 6.91 99.40
Cr 4.43 5 9.38 99.10
10 14.25 98.20
5 14.30 102.85
Co 9.16 10 19.18 100.22
20 29.26 100.52

3 HiE

FEST T AL A 45 B R R O 9 i
DD6 H & il & PR VB B T R S R T
SR I PAVRCIBE T 8 00 A5 iy AT DAL L, 0 AR I 58
PRI, B R e 0 RE A SRR B, o0 A T I E i
R P TS T R ARG T, i e S 1
OIWT I A LA SR IRV BCYR I R 1R800, th
T A i A R B R AR EY R %Ok
i i 1] Al, Cr, Co {4 FrifEda W o I AR
Wi 75 2 EC i R B IR A Bm v AR, P AR I 2
H 2R BHIF AR 2
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