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KEEPHICE G, 7 E X R 1b 2% B KA ifE
WEIE MR )RR IR ZE SR A — 2 W R PR . R
ICP-OES HiEME KRG E | AR EN
SCHRE Z , 7 VR A D7 EAREE 0 Y5 L 58 e o B
SRR AT AL, DU IS T 2 n R R e
H AT, B0 G 4% o R I Jrik pk oy SCkis >,
R R R A DL I BRI A A b B B A AR A
“HLIER A 45 B TR SR T & e el e B 4
H e

ARAFFTHESE T ICP —OES Y B4 4 v
Bk R BRI AT 20T SR E KR + B
BRI (1) 7 2o e i, R o A T R T e
AT, BEREA T R B e A i K IOF o e T &7
6 2R Aer H BR A I R R AR T 2 A R SOk Y
T3 37 VE T L (AR ff b 0 B e =

1 i
1.1 UBRFESY

1) A - LB B 45 B IR R SO i (4
B2 ,5800VDV ) | S E GRS AR A,

NS SHGRE UK 1.1 kW 8 i 0. 72
L/min; B 0.5 L/min; 55 T E 15 L/
mm,XJﬁl{'ﬂ'J%TE 10 mm,
1.2 RFIRIRERR

1) 3R] Bl (PLgest) o s Ash (pugist) |
KA (L gsl) EhmR (PLgsh)  asiR (L%
afi)

2) B K RARHERTAEA I (1 mL 5 1000 pg) ,
S

3) BEFRUENAF W FREL 0. 214 0 ¢ 4 fbfiE
(W >99.9% ,120 CHLF 2 h) , & T4 T A
5 g JTC/KBREREN , T 950 ~ 1 000 °C K&l =41 (4B W |
T G ORI 1 ¥ 20, # A 500 mL 2,
FKMBEE 25 IRS), JL W 1 mL 5 200 pg kE,

4T gk BE BRAREA (1 mL 5 50 pre) RER N
HEI A7V R BT, AN Eh R 22 2%
1.3 R HE
13,1 RV A il &

FREGAKE 1.0 g (KA1 2 0. 000 1 g) F 300 mL %8
PR IR A D B 7K, 15 mL 3672 2 5 mL i
PR AR IR i 22 e S RV i o8 4 BT 2 30,

UEWATUE T 250 mL A s LUK YRR ERE 5 ~ 6
WK UIE AR SR i TR R A TT T 950 CHY
56 20 min , FUHHIRAH A 1.5 g TR M - 45 1
Pigeakit, DIEE R 1 g i A AN, K akiE T 750 C
YRR T min; BUH IR A1 OB S F 300 mL BEAR
HOIA 15 mL 56 PR V= O S, I T 44 2 005 B i
il B IR IA T IR MRS A 250 mL ZEI Y, LUK FR
PR ZIBE RS R KRR AR B 10 A5 4k |
TE A5 B SO fE e
1.3.2 RIS R 0B

W Ak Rk ERARER R R 1 I A 6 4
50 mL SRR IR, A 1 mL EhR, DIAKH B
B RAT, HIAS 6 MARiE RFNAW, TR

R bRUERIE WA ELH]

Table 1 Preparation of standard series solutions

wg/mL

W G B Fe Si Al

1* 0 0 0 0

2 5.00 1.00 1. 00 0. 50

3* 10. 00 2.50 2.50 1.00

4* 15. 00 5.00 5.00 2.00

5 20. 00 7.50 7.50 3.00

6* 25.00 10. 00 10. 00 5.00

1.3.3 JsE
PBHAREA W (1.3, 1) ShRAEV W (1.3.2) [RIRf
AT R TG E I 2 o 2k B AR

iR 5THe
1 B EEERE

RHERIR hMR + iR . EoK  ERIE M +
BRI HR I (FRAE ) s (LS fb el + i k) o
b7 S e DS BRI B A R B R R
w MESSR IR 2, g E R R R
(ERTR ) o i 0 il 22 1 HL P A AN 58 42, A U R I
e S R A . RT3 2 (3R + A EEAHIR ) R T7
A3 () ADRG BB < b i A | 1R 0 M A e
G (HURBERTIN E 45 R AR, DAJT 35 (B ) Ak B
Bedh  REAh MR e 2 HRE R BT BRI <10),
MR WL 7> K, 2 i P 22 B o 45 8 7
FEHEI B il 0 S B 2 ROC &R A2 T BRAR M
RBHTEOR . RT3 4 (KT + R AR )

S Y
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Table 2 Sample decomposition
I3 07 5 i o3 R O B Fe Si Al

T 1(hRR) RS GNE  BRTPA D EANEY 12.78 0. 86 0.41 0. 082

F 2 (EhR + DR ) TR A A i TR A AR e 4 14. 10 1.02 0.48 0. 096
Ji3 (LK) R A A IR e A 14.21 1.10 0.51 0.098

T334 (FAREAE + BUETRE) R AR SE 4 14.15 1. 00 0. 59 0.10
Jra s (s ) IR 14.22 0.97 0.58 0.11

IARRE (FE SR FRAE R 1.0 o), B 5B R JH K i fit
FE il L R 53, FELABRA R (1. 5 g RIREN + 1 g 1
AN ) Wb B R BRI R IR R R AT, T E TR
RS, A JU Z I T Bt T R A AT K,
LREHIE AR T 4 3R

2.2 HEFTEITNZEHIR N

2.2.1 TR TR

BRI E T BRI A T R AR
i <10% B A IAE TR B Z BT, DL B
1000 pwg/mL Ni 1 000 pg/mL,Fe 50 wg/mL Al 50
pg/mL . Si 50 pg/mlL TEA AN TR Jr i 73 Hr e ke
BRI, g AT R N R T R A K B TP
B0, PR TC TR T8 T 2 AN T A 3% 4 o e 3
Frifg e, a5 R 03 3, Frh Bl AL T R AR R I
TCE AT AL = A A T 3, AR T
PooRE BRI AR T E S TPoT R T RE Y
Horte, Prigiksk TP g ol an T ik,

1)B, Ni X} B 208. 889 nm B 208. 956 nm &4
T, HAEX T /N T 10% ; 7€ B 182.577 nm B
249. 678 nm .249. 772 nm At Ni Si Al Fe B T4t 7]
ZWg A3 H B 182. 577 nm Ab 7R HUF R

2)Fe, Ni %t Fe 234.350 nm By F4 ™ & , FH*F
FARILIE KT 10% ; 7F Fe 238.204 nm , Fe 239. 563
nm Fe 259.940 nm 4t Ni B . Si Al /T4 7] Z 8%
it

3)Si, Fe XF Si251. 432 nm T &, #H%F T3
IR T 10% ;Ni %F Si 212. 412 nm WA T4, HAH
XHF4E/NF 10% ;7€ Si 185. 005 nm ., Si 250. 690 nm |
Si 251. 611 nm Si 252. 851 nm . Si 288. 158 nm 4t Ni
B Al Fe TR ZBEATT,

4)Al, Fe Xf Al 167.019 nm A T , FXFT4E
KT 10% ;Ni XF Al 308. 215 nm T/ & , AR T
B K T 10% 5 76 Al 237.312 nm . Al 396. 152 nm

4k, Ni B Fe Si i THEAT ZBEATT,
2.2.2  BEARVE X4 TR I E (5 )
PEAN[R LR (B8 ) W B VAP A 0.5 g/ mlL
(1) Fe Si, Al M NSRS, % 28 FEAR MR BE 43531 0. 5
mg/mL 1.0 mg/mL 2.0 mg/mL 5.0 mg/mL 10.0
mg/mL XS Fe (Si Al 3B (2 M i 00 , 45 R DL 3k
4, ZERFRU IR E <2.0 mg/mL B, [FISCE R
94% ~114% ,FEARWREXT Fe Si | Al [0 52 52 i n]
2 KRR E >5.0 mg/mL fsf, Bifi 25 3 A4 v i 1

®3 IPCERMM TR

Table 3 The interference coexisting element

%
THoTE B Ni Fe Si Al
BI182. 577 — 3.2 <1.0 <1.0  <1.0
B208. 889 — 6.4 <1.0 <10 <10
B208. 956 — 6.0 <1.0 <1.0 <10
B249. 678 — 3.2 <1.0 <1.0  <1.0
B249. 772 — 3.2 <1.0 <10 <10
Fe234. 350 1.0 290 — <1.0 —
Fe238. 204 1.0 7.3 — <1.0 —
Fe239. 563 <1.0 6.7 — <1.0 —
Fe259. 940 1.0 7.7 — <1.0 —
Sil85. 005 2.0 2.1 6.3 — 1.6
Si212. 412 2.2 3.8 6.1 — 1.6
Si250. 690 2.6 2.2 5.4 — 1.6
Si251. 432 2.5 1.5 73 — 1.7
Si251. 611 1.8 2.4 5.6 — 1.6
Si252. 851 1.9 2.3 5.2 — 1.6
Si288. 158 2.0 1.8 5.6 — 1.5
Al167.019 <1.0 3.0 12.5 1.3 —
AI237.312 <1.0 5.0 7.5 1.3 —
AI308. 215 <1.0 95 5.8 <1.0 —
AI396. 152 <1.0 3.0 6.7 1.2 —
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RFEMATERT Fe (Si Al BFUIIE AT H , 235 2.3 STEKHEE

N T BRANEARZLON , IR AE B0 5 4 Fe Si| FEHETFIAF TR XS R C R 1 TR H AT,
AL B i BN E R BREZESK AR MR # 0.5 ~1.0 PERE R GERUR BE 2 /N BT . & 0T
mg/mL B A 2K R IE S,
R4 AR o
Table 4 Recovery experiments with different mer weight %0
B Hethvte iz
JCE KA HT
0.5 mg/ml. 1.0 mg/mlL 2.0 mg/ml 5.0 mg/ml, 10. 0 mg/ml.

Fe 238. 204 nm 106 106 104 98 88

Fe 239. 563 nm 106 107 102 94 84

Fe 259. 540 nm 106 106 106 100 92

Si 250. 690 nm 111 109 105 89 65

Si 251.611 nm 112 110 107 92 70

Si 252. 851 nm 114 110 105 89 71

Si 288. 158 nm 112 109 106 91 74

A1237.312 nm 94 94 94 88 80

A1396. 152 nm 94 94 94 92 74

®S5 MK x6 K
Table 5  Analysis wavelength nm Table 6 Blank test
JLER B Fe Si Al MEITLHR Fe Si Al
251. 611 PR DR 22/ g/ mlL 0.0030 0.013 0.006 0
o7 W60 237312 KB g/l 0.009 0 0.039 0.018
IR s P00 ks w605 TTE TR/ pg/mlL 0.030 0.13 0. 060
29990 s 18

2.5 [ERIKE
2.4 HESWTROHE iz BRIy vk , 78 B HNRRE P A AR [Tt
KRR ENE 1.0 mg/mL IR 5, B TR TP Iey &8s, BT — Nk B iR
1R T8 Ge i, A 3 A5 hn i f 22 B X iy Ak ik, &k CRE AR INYE R 0. 50% ~ 2. 50% , 48
FEAE Rz th R, 10 Afhm v d 22 % B v BE A A I 2 BIARINIE R 0. 10% ~0.50% , iS5 R W& 7,
TR e 6, DIIAVRE (1.0 mg/mL)  XFFAFERHMITTE A RIA S, MR 88% ~
TR A, Bk R AR A I BR300k 0.003 0% . 106% Z 1A, BB 4 v Bl gk Ak SRR 1t 43 Al
0.013% #10. 006 0% ., FEEDR,

RTINERFIBELEE

Table 7 Recovery test of standard addition

JLHE B Fe Si Al
HHE/ % 14. 15 1.00 0.59 0.10
AR/ % 5.00 0.50 1. 00 2.50 0.50 1.00 2.50 0.10 0.20 0.50
ME1E/ % 19.22 1.46 2.05 3.56 1.10 1.53 3.24 0. 188 0.32 0.57
[T/ % 101. 4 92 105 102 102 94 106 88 110 94
2.6 MmO 11 e, HaE R L 8, 45 - RSD <9. 6% ,

PR )7 VR X TR R BEAT A Bk R AR R RO IR TR
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Table 8 Measurement results(n =11)
MWETR B Fe Si Al
14.20,14.25,14. 09, 0.98,1.04,0.96, 0.58,0.63,0.57, 0.11,0.094,0. 12
) ] 14.11,14.23,14. 15, 1.04,0.97,1.05, 0.56,0.65,0.55, 0.11,0. 094 ,0. 095
WSEAE/ %
14.07,14. 14,14.27 1.02,1.03,0.95, 0.56,0.60,0. 63, 0.11,0.093,0. 10
14.09,14. 05 1.00,0.96 0.56,0. 60 0.091,0. 11
XA/ % 14.15 1.00 0.59 0.10
RSD/% 0. 54 3.7 5.8 9.6

2.7 FTERIRIE

KRB EEE B A& & 66 R
Si i, PR BRAE A oA U N H & &b
MBI T2 T 2 R . SRR RO
BE Fe B, TNk BB AL AS | 12007 ¥ (4 0 HIAF
TE—E R RBRTE . A R FIRISOEIER I E Al &,
PR R AR 2K 7 S s IR Y I AR SR
FEL BRI 4 B IR I vk B A DU e B 5 & h 4R
S, AT AR R A S R AR I S In) i HL BT
B . DASEBRFE S R R AL S 45 R
FMOGTEE: 436 B L R B 5 45 5 R o
LT AN R 7 e 0 B BG, 25 2R 03 9, 150 4%
R, 2 5 RTR 5 et BRI | X 45 SR A AF X i
ZEAKTF 10. 0% , ATAT, A 7300 5 B4 1A vl 5
AL RN Bl BR RE AR AR I A T K

®9 IR

Table 9 Contrast experiment

ME TR B Fe Si Al
M 455 % 14. 15 1. 00 0.59 0.10
HexF &5 R % 14.25 1.03 0.56 0.11
FAXT R 22/ % 0.71 3.0 -5.1 10.0
j: >
3 én I/E\,

B H ET A BRI A 4 4% 0 2 I E AR AE Y ]
BB ARWFFEEST T ICP - OES Bl S & 4 vh il
BR R BRI A BT % KRR B VA R T A T TR
KT R T S ARk A TR
S AT I I o 45 5 D O 2Rk B B e
PR A DT 2 LEE

1) R oK + B 5k s 77 2000 i RE (FF
PO FREERE 1.0 g) , 1 SR KV i R il 110 446 R
4y, ARG L (1.5 ¢ BREREN + 1 g il S8 fb 8 Ab 3

AR A ST A 5T 4, I E TR 2 B, & T
A E T BR AT TR

2) o3BTk e SRR Ry AR IR B S e /N O3
Frif K, & o R LM 2 B K4 B 249.772 nm,
249. 678 nm, Fe 238.204 nm, 239. 563 nm 259. 940
nm, Si 251.611 nm., 250.690 nm. 252.851 nm,
288. 158 nm, Al 237. 312 nm 396. 152 nm; 7£ ik 43
Brise T S AT R, Bk Rk AR 0y R S R 3 1 Dy
0.009 0 pwg/mL 0. 039 pg/mL 0. 018 pg/mL,

3)HRIRIT U R A B R BB A A
I S8, [BICR R 88% ~ 106% ;75 1 T S P
s FR0 5, 45 SR A AR R B Al 22 (RSD, n = 11) 2K
0.54% ~9.6% ,

4) KA GE Ik ICP-OES 55 4 51 AAS
I Az ek K 1CP - MS 156 RE fh Al |k ik A
BRPEAT HXS I R 1086, 0 5 5 SRR — 2L

5)ICP-OES ¥ Al #1720 &K [ & | 7 vk i
il PREE I A5 R | ) A SRS DU B A
Foi R IR R S R AR AR A E ROk
HA ™ BT e B AT B 48 5 2 3
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Determination of B, Fe, Si and Al in nickel boron alloy by ICP -OES
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Abstract: The existing analysis methods have problems such as significant interference from elements,
miscellaneous steps, and long time. The method was established to determine the content of B, Fe, Si and Al in
nickel boron alloys by ICP — OES. We explored the dissolution method of the sample and selected the optimal
wavelength for each element through coexisting element interference and blank experiments. The following main
conclusions were drawn. The sample was decomposed using aqua regia dissolution and alkali melting residue
method, and the sample was completely dissolved. The measured solution had low salt content, and the lower limit
of each element could meet the analysis requirements. Detecting each element at the selected wavelength, the
determination limit of Fe, Si and Al were 0.009 0 pwg/mL, 0.039 pg/mL and 0.018 pg/mL. According to the
method, the recovery rates of B, Fe, Si and Al are 88% to 106% . The relative standard deviations (RSD,n =11)
of actual sample were between 0.54% and 9. 6% . Meanwhile the content of B, Fe, Si and Al in nickel boron
alloys was also determined by volumetric method , atomic absorption spectroscopy, spectrophotometry and ICP —MS
method, the results were basically consistent with those obtained by the experimental method. This research method
can be used for simultaneous determination of multiple elements, which is simple, fast, accurate, and reliable. It
can be used as the main analytical method for detecting the main content and important impurity element content
indicators of nickel boron alloys.

Key words: nickel boron alloy; determination of B, Fe, Si and Al; ICP-OES; sample decompose; dissolve in

aqua regia and alkali melting residue; interference element; analyze wavelength



