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Uncertainty Analysis for Determination of Zn, Mn, Al Elements in Magnesium
Alloy by ICP- OES and Microwave Digestion System
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ABSTRACT: Objective To improve the accuracy of the analysis results of AZ61 magnesium alloy elements by studying the
uncertainty factors in the analyzing alloying elementary composition. Methods The sample was digested by a microwave diges-
tion instrument. The contents of Zn, Mn, Al in AZ61 magnesium alloy were determined by inductively coupled plasma emission
spectrometer (ICP-OES). The uncertainty factors in the test process were analyzed, evaluated and calculated. Results When de-
termining contents of Zn, Mn and Al in magnesium alloy with the microwave digestion-ICP-OES method, the measurement un-
certainty were mainly caused by dilution of sample solution, liquid-transfering gun, standard curve and repeatability. The con-
tents of AZ61 magnesium alloy were Zn (1.1270%=+0.0433%), Mn (0.1797%+0.0064%), Al (6.4468%+0.2029%). Conclusion
Based on analysis and evaluation of uncertainty, the accuracy of the results can be guaranteed and the performance of magne-
sium alloys can be better controlled so that the environment adaptability of magnesium alloy can be improved.
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L BHJC IR MR E S5 | VRS U AR . BB
Wi HL LR AN« S T IR AR AL, TEAE A L L
Kfias . WA BRI . AL, Ei, [EMGE .
FEAEGUEN N BRESSA I Z B
S, RS S TR G Tl | 2 T I DA R 1 R R
22230 IR R A A 4 o0 DA B g i HL A A
JEUGE XS PEREM EE N E Y, Mg-Al-Zn R (AZ
R)SEAENHRNTZ, HEENEEILERN AL
Zn, Mn. Al#EA & DB L L Mg ;AL a4
AE, Zn 1E Mg-Al 54 EELIFRESGE, H—
NEEMICE Mn EE LT FELIFEEAN Mn-Al
& B LG YA, & BRI A Ao i & T i
GG v SR 2R R R T
L, WA A s S I E

FEL BRI & 55 B IR & 9654 (ICP-OES) 2 H
T8 F M N e oA )32 i — R K BRASER & A s
FEARIAE ST M E Y . Zoe K R IE . 8T
S5y N R o 7 WA NN (i3 SN 05 =1 T TR
H UL RES HER T EE B &P B &t R . ity
AN S B SR R S IR 28 B B AT M | AT EetE DL R
BEAT PR LY, AT O P AG I3 2 ) S 56 261, ARAIE
RS R e . SCHh L AZ61 BEA 4 A, R
LI fif-1ICP-OES A EEEA 4 Zn, Mn,
AL, XI5 25 5 AN o BE R IR AT T 0T, XS
S AR PR AR AR R 2 B RSN E R ST TR,

KA Milestone 237 ); Optima 8000 HLJEHH& 45
BT R SOEIE (£E PerkinElmer A H] ); 43#r
K (f#[H Sartorius 23 ) ); UPR- I -20L 4li7KHL ( 5§
/NI

1.2 H

SCHR T AR AR (Pegal); R (R4
4fi ); HaliZkZ UPR-11-20L 4li/KHLZE % ; Zn. Mn.
Al FRUEZ I (1000 mg/L, FEFA 64 )8 M 74k
A3 Hr AL ).

1.3 IRERIIBIELH

SR 100 ~ 1000 pL [ FTERS AR /3 BIFSHL 0.2,
0.4,0.6,0.8,1.0 mL #J Zn . Mn Al FrAER( 1000 mg/L )
F 100 mL 2, WSRO A 1.5 mL
HNOs, E&FFH.

1.4 HERmBREH &

R AT R HER AR IBUTT R 29 0.1000 g F 4
B AN, SR IMA 8 mL oK, MR
W FA IE B D BRI TN A, 3 1 IR AR FF
HiETeE, BA 100 mL FERPES, FRllE
Mn JCE WK, PRSI IRRR B 10 5 #E50R ), FF
HEATIAE Zn, Al JCERWIE

®1 RUREBER

b0 5B 1 %7 15 10 AT A T4 LA B e e . 3 o o gy 0 TREORRE o0 GRS
B A MRS B R BE AT L TR ST 5 25 4 4l ) W 8l /min min
AR, AT T M BRI PERE 3 bR 25 4% ! 800 15 100 5
A5 107 21600 5 150 5
1 — 3 1600 5 200 30
Sk Hw
1.1 {48 1.5 MEEHE
SZU T A P84 . ETHOS UP i (& IR TAE R IR 2,
r2 NUBEREIEEHE
A FBR WA gk 5 e/ TR ;N N
AW (L-min™") (L-min™") (mL-min™") (mL-min™") LR YA F/s
1300 0.55 0.20 1.50 1.50 5 60
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ICP-OES M A & n R & M EE R ALs .
clvd

m

Kb w ABEEEPRIMTRMEE, ne/g; ¢

SRR TR REE , pg/mL; VSRR
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Mk . ARSI R A,
221 HHRESINWENAHEE ta(m)

AT R BORE S B B 0.1110 g, 51 AN
FEBE SR UEA WA T BB — A MR R e A
B, ALHE M R0 R A ekt , Hoh gk 2 &
BORIE ;28 AR BN ER AN

AT REAE 200 mg LLN AR H+0.2 mg,
B H AN 5 A, IR RR VE AR TR JE ugi(m)=
0.12 mg, AHXAHEE ugira(m)=0.011, T K-
B/ HER N 0. 1 mg, TN TR, BRUEARTH
FEEN ugy(m)=0.029 mg, AXTAHNE N ugyra(m)=
0.000 26, I, Z3#T KGR G BAH X b5 fEA
%TE urel(m): \/uélrel (m) + uéZrel (m) =0.11% El
222 REMINHERITHBEE va(V)

ZE A L A AN A B TR B P PR A Y R
22V R AR Al A B R BR 28 7 o o ARSI R H Y
2100 mL &, HIE 1IG 196—2006 { # Bk
ELRGE AR Y B, 100 mL A 2% Pagk 25 B i
P22 M£0.05 mL' ) K, B HHEEST B 26
PEE, Hh k=3, FFLLH A R RS A bR
K@%E ul(V):0029 l'IlL, *BXTJ‘Z:B%%E M]rel(V):
2.9%x107%,

T AR 25 R AR TR AR A, S50 28 6
AT A (20+2) °C, KRG IK 2B 2.1
107 C™', AR 2 S s v A b b TR
AR R A AR BVARARAE V ok 0.042 mL., $%¥95) 01
YEAT B 28075, I R B AR Ab 5 1A B AR XA vE A 1 1
JF yr(V)=2.43 x 107*, 100 mL AT ARS B
XA E FE tee(V) A=ttty (V) + 13 (V) = 0.0378%
223 HMBBINHAWEE va(D)

F 10 mL ARSI E S X 10 mL A % 100 mL
A, AEETKERZZE, AN, 10 mL
LR RS SV IR 22 V0 I £0.02 mL, 544 5) 7 A
AT B 2, k=~3, WM 10 mL B AR
Fr A B € BE w(D))=0.0115 mL, #H XA &
Ue(D1)=0.115%,

224 IREBRRAESINNABEE ua(P

SHTET I EAFR Zn. Mn. Al, 4 9%H GSB
04-1761—2004 . GSB 04-1736—2004 . GSB 04-1717
—2004, FiEHEN 1000 mg/L, 25 H BAH XA
FEEBIN U=0.7%, (k=2), #3451 50 i T B 20978,
A X AR EARH E E uea(P)N 0.40%,

225 WFABREINKORAERE va(D)

T ) AS [ e B2 b v B 1 TR 2R 81, i FH T RS AR
W AN [v) A R g BB e ) T A5, b 7 A R 1) . ) Fsf R
H1 100 ~ 1000 pL By Al JHF A, 43lFEH 0.2, 0.4,

0.6, 0.8, 1.0 mL, iIZB AR ALIF Y e KR 250+ 1.0%,
R B B E I TIEE, RIE A A1,

Je =3 o TR IH X T o V2 Y TR T 81 Y 7 2
T v AN A0 2 JEE 07 Ay A VAR JE i, 18 K o v AN B A
ZHIEAME . W 0.2, 0.4, 0.6, 0.8, 1.0 mL A}
HAR X bR EAST & B2 43591 4 0.0289, 0.0144, 0.0096,
0.0072, 0.0058, JUT AR vH I W Fs i A v 7= A (4 AR
XFHREAE BE we(D2) N 1.318%,
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Ph 3% HNO; M4 B fL il L 0. 00, 2. 00, 4.00,
6.00, 8.00, 10.00 mg/L FI%F . 4. FIR S PRUEIRTR
F 4 ICP-OES W45 1 5L 0 S5 4 2 e (W3R 2 ),
A3 R PRER R E D 3 W, BULEIE, i
TR B, 3B PE AT Y=bX+a DL A
KRB R (Ho o BIRZS (7 LSRR S 6
K, SRR M X, I AE ZAn 26 T 2
M AT 8 B TR A R

= _\2

u(y):S_y l+l+(X‘7C°)
b [P m & v
7(01‘_00)

i=1
Krpe POMINRRE m N nxEEZKEL (n Rbs
HERIHE); ¢ WARER Y& S (8 S, N
B AL bR O 22

\/ [y; —(a+bc; )]2
S = i=1
Y n—2

A E AR SBORTHASE R 3.
#3 MEBEXSHRITEER

WA Zn Mn Al
FRAE & B m 18 18 18
PRUERRZEANCRZEL R 0.9997  0.9999 0.9993

e O OState ot
R b 0.4942 05114 0.6139
HHE a 0.0257  0.0245 0.0695
PRUfER 2 S, 0.0121  0.0178  0.0289
FRIRTHIME ¢, 5 5 5
FE il B L P 6 6 6
RESRRERZE S(X ) 0.0095  0.0237 0.0598
B S X 1.251 1.955 7.489
i THEAN T 2 B2
u(R) (g L) 0.0152  0.0208  0.0251
FAXS AR AEAN T S B
ey (X) 1.22%  1.06%  0.34%
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227 HRESHNENTHEE vax(X)

ASC e R 2 7 A N SE BE 4R JJF 1059—
1999 714, M EHESOES ST, BT A ZirE!,
o s D00 e AN A ME()_()zS()_()/x/ﬁ , B
LA, e ()_(Zn) Urel il ()_(Mn) Urelife ()_(Al)éj\%ljﬂy 0.46%,
0.49%, 0.33%,

228 MEMEMIRERHEERT BAHEE

FRXS B bR AN R 43 0)°A

2 (m) + i (V) +uiy (D)) + ey (P
ure1(WZn): (urt;l(m) urelz( )_urel(2 1)_urel( ):1.92%
+urel(D2)+urel(X)+urelﬁ(X)

2 2 2
ug(my+uy(V)+uy(P)+
urel(WMn)= (zrel( ) r;:l(_) re21( )_ ~1.81%
urel(D2)+urel(X)+urclE(X)
(ttg (m) + 15 (V) + 1 (D)) + 1 (P)
U (Wa) =, |, s =, = =1.49%
+urel(D2)+urel(X )J"urelE(X)

wamﬁ@xm%ﬁﬁ:ng:%?w@am=

vd

0.2164 mg/g, u(wyy) = ——xu,,(Mn)=0.0319 mg/g ,
m

u(wy) = C—deurel(Al) =1.0144 mg/g
m

BARMERN 95%H, B & AT k=2, WP A
it JEH

U(Zn) = K xu(Zn) = 0.4328 mg/g = 0.0433%

U(Mn) = K xu(Mn) = 0.0638 mg/g = 0.0064%

U(Al) = K xu(Al) = 2.0288 mg/g = 0.2029%
2.3 OWER

BEAEE AW E BN wa=
1.1270%, wymy=0.1797%, wa=6.4468%. HNIL, %7
B ESESSFEMPE N ESE . 1.1270% =+
0.0433%; %54 0.1797% + 0.0064%; %5°4 6.4468% *
0.2029%.
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