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A4 1107 SR T PR B T e P AR TS 5 10 7 1
YA REAR P i i 5 KRR A, SO E 5 RANHER

IO I A AL B B, ICP — OES 35 73 il gk &
&M IR R R Y sy B
il , BB 7RG Ok . A RTBEA MR &
G NI EAT AL PR, ICP — OES 34 f4GE . %5 &
PRI AL BBR BR <5 T8 ik VAR X 19 R B , A SCHE T A
IF 3t B2 A il T o 00 52 B R 5 < A R D, SR FH Bk
SEPRDC P BRI AT E , 368 3 47 1l i 4Tk 4R
AR 0T 1 £h 05 B, 57 1 700°C i JEE
T AT RS S BEAT O , FHERRRIR AL,
K H 1CP - OES Il = Bk & 1 Bk & 4 (AL i
<10% ) IR INICER HE AR RER 7735 o

1 Sy
L1 USRI

Optima 8000 %Y Ht J&HE 7 55 B 1K & S G 3 AL
(319 PerkinElmer /A7) , (L58 TF S0 : RF 3%
1300 W; 5405 B 17 26 psi (1 psi =6.89476 kPa) ;
TR AE =99.99% ; #i B fiHE 0. 20 L/min; 30X,
Wit 0. 55 L/min; € 3# 50 r/min; B G [E] 15 s;
FRGFBF(R] 0% 10 s 5 MBS FE 15.0 mm,

AL204 HL 5 K- e — F60) 2408 ( L)
ABRAH]

B R VB REEROT R bR HERE AT R : 1000 pg/mL,
W 8 & 5 04w S 5 AR A

FRAAK  AE >99.999% W [ Jb Bk 4 SR
FATBR A

it AN EUR AR 2 DL Rl (L i ] 24 4
A w7 ) o

5% A AAC NI W PRI 50. 0 g A AL T
1000 mL P, — i PE— 248 A 1000 mL
K S

ERIR LAl (i E 2GS A ), 2
K EL I R 5% F1 50% 1 ER R VA W o

S IR ¥ 08 — R ZsA K
1.2 FEACER

SCESRES N Ti( >80% ) — Al <10% ) &4, F
BN B K bR HEAE i ( GBWO02501 ) A1 bR #E AF
(RTi13) , M2t KF-FRECO. 1 g CR§ A 5] 0. 0001
g) R T NI E I L 7 1.0 g ik AT IR AT,
RIGTER M W29 0.5 g i S8 ALhh, & T 700C i
PrhE R 20 ming B YR A0JFE T 100 mL BEAR
GAZ I 50 mL BROK i RE G VA, S5 5% SR

AN O UL VE AT VRV S5 IR, H B IR IR R 2
200 mL 755 ) A R O A 3 T B Ik AE R
F A 5% [ ERFRS R E B AR TR I TTUE , FL A
W AT R, 56 R 2 200 mL S B Y A
AR TE ), TR 50% B ER RV 4. 0
mL, K& A RE5T, RIS FIAE
1.3 prifiith eyt

HEFRFRER 0. 05 ¢ fo 44K B T W 5 3 v, %
1275 R i A B 7 3k R AT A0 38, R H) S e % F 100
mL P, #H . 10 Bk 100 mL 25 8 i A
AEXS IO St A B0 3R AR v T, i T T AR TR B A v
WHRES T 1,

1 RSP AR L

Table 1 Concentration of determined elements in standard
solution
FRUETR FICHEWSE (png/mlL)

ey Cr Fe Mo Si

STDO 0.00 0.00 0.00 0.00
STD1 0.50 0.50 1.00 0.10
STD2 1.00 1.00 5.00 0.50
STD3 5.00 5.00 10.00 1.00
STD4 10.00 10.00 20.00 5.00
STDS 20.00 15.00 40.00 10.00

2 FRH®
2.1 FerlinE TR EE P2 PR

HL IO R ELR R — R AR & R G I
VHRRE G o X DA S5l T TR R - AR -
FRU RS BREE AL I, B A I O R K B
@ULHE . SRR PP & A 8 LSRR AN S0 i
A < B U I, i AR R E AT A AR
TR () 5 S R DA T 43 188 ke, tn 4R 40 e 2%
700°C i BN XF 55 BRAE i 2E 47 B0 32 RE AT & ¥ i
SEA. AN TL LA RE £k o0 R N B (8K A9 A o (E
0.3% ) , FREUERHERF: i (RTi13) 0. 1000 g, 78 A [A] I
JE T B BR AR <, W T Rl o ) X000 7 45 2R 1) 32
Wi, S B, AE 650°C T BBk Bk HR A < B il 30
min J5 U S TS IR WL B A /0 V(0 JBURE, 4 Bl A ¢
G, HEIRE 1.5 h 5 U BRE Al A S ST R A
AR 3k B o DU 2 X A T A o O A A A Y
ISF (] , K48 Rl LS B o 700°C i 20 min Ji WL
FURE A S8 AT AR, T R DU E BOR . A R T
AT LIS, 700°C R R Rl [ SE R 2 1 b, 380
He8 RS T X0 45 R AN K
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0.40 M0 22 BOTRTYEINE R
0.36 1 |-e-650C Table 2 Interference tests of Ti element
0.32  [2=700C R R R
£ o028p 4 * Cr Fe Mo Si
. L -
| B P T PR P
’:E_’S 0.16 (/) (pg/mL) B ( pg/mL) nE (pg/mL) i (pg/mL) b
(%) (%) (%) (%)
0.12 F
0.08 F 0 10.00 0 |10.00 0 | 10.00 0.1 | 10.01 0.1
0.04 k . s ! . 50 9.99 0.1 9.9 0.1 9.9 0.1]1000 0
20 40 60 80 100 100 | 9.86 1.4 9.8 1.1] 99 1.0 9.9 0.09
f (min) 200 | 977 23] 978 22| 9.66 3.4 970 3.0
Pl 1 ASIRIREE XS Rk ) ek s 45 S i 55 g 300 9.61 3.9 9.60 4.0 | 9.62 3.8 9.59 4.1
Fig. 1 Effect of melting time on determination results at different 400 9.51 4.9 9.52 4.8 |10.67 67| 9.43 5.7
lemperature 500 | 9.37 6.3 9.11 89| 11.74 7.4 9.28 7.2
2.2 oIkt pe/mL, A ERTIE I A A P, 30T 12 % B A AR

ICP — OES i 5 5 28 3L (R f it ik 223 32 3] 4%
PGS T8, R4 H7 rh 2 Bl S i 3 B 26, 45 &
TG T AL IE B AR A B PR kA I A HE R 1 , 5 1)
SERAAE S | AR KR R . AR S2 T
WePE A 1.0 pe/mL FRHEVATLE Cr 267.716 206. 158 ,
284.325 nm, Fe 234. 349 238. 204 259.939 .273. 955 .
302. 107 nm, Mo 202. 031 ,203. 845 ,204. 598 281. 616
nm,Si 212. 412 251. 611 288. 158 nm kb 4T3 4
i, R BRSO R R S FEon R, A I T
Pob REGE S WS L . 8 fF o BT e R 1 Hr i
L% B . #& 267. 716 nm, 4k 238.204 nm, 4
240.598 nm, fi 288. 158 nm.

2.3 JEATHEL
S50 5 e P A R B T R AR T R
X HABTE 2 B 2 77 A . A Y HRGE Tk
AE AR T B2k Ak A, ARSI
A4 BB R AR, A SR TR, I
FEUE FEZEHETRR IR R TH

530 B B B 4l BK A 0,0, 005, 0. 01,
0.02.0.03.0.04 .0.05 g, 3% 1.2 ke S AL By 1k
FrE b i A TG R AR 43 51 0,50
100,200,300 ,400 ,500 pwg/mL, F 435 i1 45 — 4~ BE
S HHERR A Cr . Fe Mo 1 Si B0 ZFREER 1.0
mL, FIZKEZ T 100 mL 28500, BRI 20E 250
FEFRETCR R 10 pg/mL, 4% 1.3 5 & TR 1
e T ) TR FEAARAR ME B 28, X b i A T 0 %
2 AT R R W], BEE KT R R IR K, %
TUER I 235 TR () R R 15 2 R K, 3R W] A2 R AR
BSONE P R T ok B B I o 23000 E A X 1R 2 R A
2% AN, G0 SR 0 EAE VA B BRAR E  a 200

TR AU
2.4 RARWIMA R IE 85 AR

SO ER AL LN D) IANG T 9 NEA N = TR AT o
IRE WP R 2 i 2 A2 15 YA A, TRl 32
N 38) 25 1 1A R AR R S 1 e S 2 2R A 24 i
B o SCHRT ERIFRI 0. 1000 g SRR 1 4 [ S b i
i (GBWO02501 , 4k 5 88.448% , 4R & #6.24% )
35 4y, oA A ALgh 0.5.1.0.1.5.2.0.2.5
g, FESLHTT IR IEA T, BRI AR 5 A 0 R I
FARRZER AU 2 frs. A 2 sl DI, 24
AR A S DI, X Cr Fe F1 Mo Il % 45
ISEME AN K il St E RS IR 221k 8% LA L s Bt
AL IR IR, R IR P R 2, 4%
JLERIME A XHRZE W Z I K. SRR RN,
TE 3% HITR2EEE A, BRI 0. 1 g FEdh T ag 4 o 484k
BN 1.2 ~ 1.8 g fRIUE T E RS E T o

or —-=Cr
—e—F¢
8T —a—Mo
~ 7F —Si
X
6t
4
25t
Zat
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3 -
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Fig. 2 Relationship between amount of added Na, O, and

relative error of determination results
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2.5 JiBR PRI FRR

T3 T SR 10 158 2 SR il M B L A B AR N
IXERERA R FR . ABEIE 25 S g {4 Ak ih
iR 1.5 g, FRIL0. 05 g = AR AR R4, il 4 =5
FEW . o T RERA A I 32 1A i BRI 2 R R, Jz
W3 AT 7 TR AEEAS 0 B A PR R 58 25, S I
25 W11 W, AN e 25 R An A 22 19 3 A5
Py PR DA O 22 1) 10 4545 R 5 s il
PR, H e 75 20 8y 5 3k A FR O 0002 ~ 0. 005
pe/mL, M E F R4 0.007 ~0.017 pg/mL, 2771
6t BRI TR 55 110 SR P R U o M 2 ok 1 4 v 4 2k
BHAE M 4RGE , AT R U TR I 2K
2.6 JiiENGEIE AERHE BobsmbpcE

HEFIFRIC 0. 1000 g [H Z bR it (GBW02501 )
Wiy 42 1. 2 iy AT i 1 e — A
Cr.Fe Mo FI Si BITRARMERE WA 1.0 mL, R0
A 1000 pg, HIZKE 2T 200 mL 25 &,
e ZE R 03 3, [F By s ke, 3R 3 o Fr s 3=
B, B R AL 1 D K08 6 4 vh 45 JT 2 1 b [l
ZH91.6% ~103.8% ,FAX1RZEN1.2% ~3.6% ,
FHXI AR AR 22 4 0. 90% ~ 4. 89% 2 45 AL il 2
BRMCER G 4 hn T A A B4y SR I 25 (GB/T
3620.2—2007) (5 AT 3K, R A A HER) AT &g,
& TR G & P iEE oo R B o prka il .

263 JTIERG R IE AERE K ksl

Table 3  Precision, accuracy and recovery tests of the method

x PR ETE AR WESE FeR MXEE  RSD
(%) (%) (pg)  (pg) (%) (%) (%)

G 155 1.52 1000 2457  93.7 1.9  1.16
Fe  0.47 0.48 1000 1396  91.6 1.5  3.08
Mo  2.53 2.56 1000 3598  103.8 1.2 0.90
Si o 0.28 0.27 1000 1248  97.8 3.6  4.89
:E:\
3 énl@

PR E e 5 E T AR, h T 2R H A R
P B e, A5 5 i 5 G (] TCP — OES A
E . HATAFRER S S r ik EE UK - |
SR — TR IR A RV 08 I, RV I JOBT I RR A
SR A S MBLDUIRE B G, B A Kk ek 2
SEATR USRI 22 W45 2 XSt 7 2 — 2 g 3
FMON, BRI I R AR B RE IR 23 #4E A, DA T 52 )
TN E o AT R P A A A B 19735 XA i
AT, FEEAT ERRRIR AL , T AR BR AR R i 52
U, R BR AR DU AR T T, L T

ICP — OES ] 52 Bk #7145 <5 v 19 4% Bk 41 ik 19 5 1%
ARTT RSO T BREEAE S A7 AR A AN 58 221 TR AL W)
P S5 L RE G 1A P R AR ARG T A AR 1 0 T 22
G TR A B ZITR .
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Determination of Chromium, Iron, Molybdenum and Silicon in Ti-Al

Alloy by Inductively Coupled Plasma-Optical Emission Spectrometry with

Sodium Peroxide Alkali Fusion

HUANG Chao-guan' , MENG Yi-shu', GUO Huan-hua', LIN Ling-yu', YANG Chun-tao’
(1. Guangxi Research Institute of Metallurgy, Nanning 530023, China;

2. Yuxi Environmental Monitoring Station, Yuxi 653100, China)

Highlights

The determination of chromium, iron, molybdenum and silicon in titanium aluminum alloy with high titanium

content by ICP-OES was established.
The sample difficult to be dissolved completely has been solved with sodium peroxide alkali fusion.

This method avoids the loss of silicon and is suitable for multi-elements determination of titanium aluminum alloy.
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Airplane turbine blade TiAl alloy sample Corundum crucible

50% HCI \ /

Em
e
g

|: q) { 5% NaOH
' - 5 @g«) 5% HCI

ICP-OES Volumetric flask Beaker Mulffle furnace

Abstract: Single acid cannot completely dissolve Ti-Al alloy with high Ti content when determining chromium,
iron, molybdenum and silicon by Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES). A small
amount of impurity remains after dissolving the samples by mixed acid. Furthermore, the precipitation occurs
readily during re-dissolution, even if using concentrated aqua regia. In this study, the Ti-Al alloys were fused with
sodium peroxide for 20 min at 700°C and were acidified by hydrochloric acid. The method for the determination of
chromium, iron, molybdenum and silicon in Ti-Al alloy by ICP-OES was established. The interference from the
titanium matrix in samples was improved by the titanium matrix matching method when the concentration of titanium
was greater than 200 wg/mL. Additionally, the amount of salt content in solution was controlled by sodium peroxide
to ensure the stability of determination. The detection limits and lower determination limits are 0. 02 —0.05 pg/mL
and 0.07 -0.17 pg/mL, respectively. The method has been verified by analyzing the national standard material
(GBWO02501). The relative standard deviations ( RSDs) are 0.90% —4.89% , the relative errors are 1.2% -
3.6% and the recoveries are 91. 6% —103.8% . Compared with acid solution, the dissolution of the samples is
complete using the proposed method. Moreover, the method is accurate, reliable, and suitable for multi-element
determination of Ti-Al alloy with high titanium content.

Key words: Ti-Al alloy; interference from titanium matrix; sodium peroxide fusion; Inductively Coupled Plasma-

Optical Emission Spectrometry



