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[§ Z] BT MIIEZAL, CEAREABEYELNAFHRE G2 TH HRBFLE
AR E G S AR, LA W AR 7 sk B TR E YR K BRAE T B 4 B AT R B K5 )
M, AXH LT ICP-OES kM C M P Sk AR BEZTH T &, SHRGERT T TR
ROFBIEBFAFTTRAZOERAFEATORESIERK  FBAT ER4#®, KA ZREM+
BRIE IR T Ry Pk AR AR SR B R, M iR 3 - AR, B LM T IR T R T B K Bk 2
AR T A& E AT R, 4k AR 4R a4 R4 F1 4 0.009 0 pg/mL.0. 039 pg/mL.0. 018 pg/mL;
X A2 P AN 4k EE B A0 EK B h 88% ~ 106% , 5 FRAE S R GG AR AT AR E R Z (RSD,n=11) %
0.54% ~9.6% ; F) B A& A 5236 7r ik Ao 52 ik R TR 3 0k  9 R R i & ICP - MS ik 2 A4k &4
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KRR ILR T, FI7 R T B AR
R IE HH 2R ) R R BRI A A — 2 1Y R BR- . SR
ICP-OES J7rikillE % K &4 B8 MR ROLER M
SCHRELZ , 7 IR EAR T DREE I e v B 5 B oA 4
SERG AT FE S0 A, JUHTE T 200 R R E
FURT, B8 & < %5 o 3R B I Tk s STk b
T T I A B U R A 4 P B AR
LT 1 A S TR T S SO R I E R <
e

AHIFEHE L T ICP - OES 30 3Rl 8 Hh il
BRI SR AT 1 0T IR ORI +
SR ) 7 AR i I i A T R T s
FHRE, AU R M e M B KT Bl 2 T 4%
M TCZ A BR B T BR o AR T 2 A S0k Y
7 ik DT AT L5 (R PR | R i R B =
R EIRPUCR M &

1 XA
1.1 BRFESH

1) ASAES < H BRI 5 5 B8 IR R SO A (423
H M, 5800VDV R | SEE SN A AT

2) AR S RF Jp# 1.1 kW S i 0. 72
L/min; 5 B 0. 5 L/min; 55 B F i it 15 L/
min ; LI 5 & 10 mm,
1.2 RFRIRERRK

1) 33 B IR A (e 2li) b Akl (PR g4t ) |
[A (L al) ERmR (P sl) (iR (L2
4l

2) i ERFR Y AEEE U (1 mL 75 1000 pg) ,
NI

3) BREARMER AF IS FRHL 0.214 0 g — 5 AL st
(W>99.9% ,120 CHET 2 h) & FHIH B H, mA
5 g JoKBRIREN, T 950 ~ 1 000 °CJ# fl 2= 21 35
TR G PR I, %A1, B A 500 mL 28 &,
FKHG B B 20 TR A), LW 1 mL % 200 pg fif o

4) T Ak RE ARFR R (1 mL 5 50 pg) : AR
HEIAE V5 T R T B, AR R 22 2%
1.3 REH*E
13,1 M il 25

FREGEEL 1.0 gCKS 1 % 0. 000 1 g) T 300 mlL 45
PR A 258 7K, i 15 mL 3R R K 5 mL filf
PR AR I i 22 R R BV i o0 4 U B 4D,

IEHCLIE T 250 mL ZRHR I A UK BEER SR 5 ~ 6
UC, R UE AR S B BT BRI R KA IR T 950 TRy
5 20 min, BOH IR T, IIA 1.5 o BRI BN 48 5
Kopeskits, B 1 g oA ALH, #5535 T 750 C
K 7 min s O IR NI F5 BT 300 mL BEAR
HL A 1S mL ER R IR U B AR I AR = B
fiff KV TS IR RS A 250 mL 2550, LLKFR
R ZIE IR, o RS TR B 10 A5 Bk |
ek PR RE 5O 7RI E Bl
1.3.2 FRIhR R 1A B

R0 B e AR R R R 1 AR 6
50 mL JRL AR, R INA T mL R 1R, DIKH B
FBAFE IR, HIF 6 PRE RN, i o

R BRER SR BT

Table 1 Preparation of standard series solutions

g/ mL

Ve 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
PR R (1. 3. 1) SARHER IR (1. 3.2) [F
PEAT G A B O I E B Bk R R

2 #R5HIE
2.1 HABESEHELNRE

KRR hIR + DR F/K \ERKIE M +
Bl 3 (RRAE) Bk (A + 2 Ak T
b7 SO AR, DS BRI A R LB R R
EE L MESTR LA 20 IR R R, R 1
(ERIR ) FEhh o il L 18 HLIR AN S8 2, 500K 1
ME SRR R 2 (3R + D HIR) F1J7
A3 (IR ADRE BB 5 < b A , 1aCRE 0 e
& (R RER I E 45 R K. AT 205 (i) A Bt
FEdh BRI S 4 (FORE R B ROR /N ( < 10)
MR AR K e, o P RsUE TE 22 HL 2 (45 7
R, A il R 40 2 B 2 ROT R A2 T FRAR M
BENHTER o RT3 4 (EAREE R + BB 5k i)
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Table 2 Sample decomposition
ViN VTN i iR DL B Fe Si Al

ERIE N )] FER R ARERNS IR DAY 12.78 0. 86 0.41 0. 082

T 2 (FRAR + D HIR) F T AU SRR R e A 14. 10 1.02 0.48 0. 096
T 3(EK) R At VA AR T, RE S R E 4 14.21 1.10 0.51 0. 098

T4 CERE + sk ) R R 5 42 14.15 1.00 0.59 0. 10
=5 () VR I 14.22 0.97 0. 58 0. 11

OrRIRRE (FE R RS 1.0 g) , 1 76 R FH F KR i
FE A RER I3, FELATRIG Rl (1. 5 g BRPERAN + 1 g 3
AN ) A FE B BRI R S R A, T TR
AR, £5 0 R W T BR A AT 2 BT K
LR IR AR T 4 SRR
2.2 HEFETENERIRE
2.2.1 HASTERM TR

ERR T IC RN BRI JO 2R A AR T3
i <10% B A FAE TR B Z BT T4, DL B
1000 pg/mL Ni 1 000 pg/mL.Fe 50 pg/mL, Al 50
pg/mL . Si 50 pg/mL 7EA R TC R BT o Ar & e
JER I, 25 5 A7 T R RF I T &R A A e 1 1 A
O, BEFETC TR TP P 200 AN T %) 3 26 e
Brigeds 25 R L3k 3, R P BE A T RAE Rl
TCE AT AL = A AT T 3, AR T4 T
PoooE LR AR T SRR OTR TR
Hortbe Frigikdk TGO A0 Pk

1)B, Ni X} B 208. 889 nm B 208. 956 nm g4
T4, B A XT3 /N F 10% 5 £ B 182.577 nm . B
249. 678 nm .249. 772 nm kb Ni.Si Al Fe fy T4t 0]
ZMEATE, {3 B 182. 577 nm b R HAIK .

2)Fe, Ni%f Fe 234.350 nm [ T3¢/ &, # X}
FHALITE A T 10% ; 7 Fe 238.204 nm  Fe 239. 563
nm . Fe 259.940 nm 4t Ni B Si Al () T4 7] Z 0%
it

3)Si, Fe %} Si251. 432 nm T4 & , #4%F T4k
I KT 10% ;Ni % Si 212. 412 nm BE T4, (HLAH
XFT4E/NT 10% ;7 Si 185. 005 nm ., Si 250. 690 nm ,
Si251. 611 nm ,Si 252. 851 nm .Si 288. 158 nm 4k, Ni ,
B Al Fe ({4 7] ZBEATT

4)Al, Fe %f Al 167.019 nm 45 T3t , #ixt T4k
KT 10% ;Ni %t Al 308. 215 nm T3 %8, Hx T3
YEE K 10% 5 76 Al 237.312 nm, Al 396. 152 nm

4k, Ni B Fe Si {4 n] Zm ATt
2.2.2 FEARURBEERS U DE IR
FEANFIFEAAR (B R AP R 0. 5 g/ mL
(¥ Fe Si AL I e i, 5 56 B AR B2 509 0 0.5
mg/mL 1.0 mg/mL 2.0 mg/mL 5.0 mg/mL, 10.0
mg/mL B X Fe  Si Al 23 M il K s2 i 0, 45 5 0 3
4o BRI, HMHIE <2. 0 mg/mL i, BTy
94% ~114% , FEARHR BEXT Fe  Si, Al [0 52 52 M ]
B o FEAR YL > 5. 0 mg/mL B, B 3 5L (A I 2

®3 IR TR

Table 3 The interference coexisting element

%
THTHR B Ni Fe Si Al
B182.577 — 3.2 <1.0 <10 <10
B208. 889 — 6.4 <1.0 <1.0 <10
B208. 956 — 6.0 <1.0 <1.0 <10
B249. 678 — 3.2 <1.0 <10 <10
B249. 772 — 3.2 <1.0 <1.0 <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 —
Si185. 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
Al237.312 <1.0 5.0 7.5 1.3 —
AI308. 215 <1.0 95 5.8 <1.0 —
AlI396. 152 <1.0 3.0 6.7 1.2 —




2025 4E2 A4 1 1

NS . 1CP - OES WL S0l il 2k i L4

- 125 -

I, FEAR M BE X Fe Si AL B 5E SE IR T T, 45
LRI RE T FRANSL AN , AR e Bl 45 4 v Fe (S|
AL I T BREESR, SR BERE#£ 0.5 ~ 1.0

2.3 SEKHHEE

TERETF A TC R AR IMT R T T
Ve R o TR BESZ MR/ N1 73 BT B o 4500

mg/mL RIAJ 3 R EOK RIS,
F4 AR RN R
Table 4 Recovery experiments with different mer weight %
. Sl
TEER BT
0.5 mg/mL 1.0 mg/mL 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
Al1237.312 nm 94 94 94 88 80

Al 396. 152 nm 94 94 94 92 74

x5 oKk F6 oK
Table 5 Analysis wavelength nm Table 6 Blank test
TH B Fe Si Al MWETR Fe Si Al
251 611 FRfER 2/ pg/mL 0.0030 0.013 0. 006 0
.72 P as0e0 237312 fir i/ pey/ml 0.0090 0.039 0.018
IR e 208 5851 0615 7E T B g/ mL. 0. 030 0.13 0. 060
259. 940
288. 158

2.4 FESHTREEE

KA I3 M J7 LD SE 1.0 mg/mL ) B A I
11T RO GE 11, LA 3 A5 B o Al 22 9T XF 7 1) ik
JEEAEL A AG Y BRE , 1O A7 v s 2 X 17 11 9 {0
RS S MEAHR IR 6, IFEAHE (1.0 mg/ml.)
AT AT, Bk SR 9 I E R R 735 0..003 0%

0.013% #11 0. 006 0% ,

2.5 [EgEIKE

i BRI 7 v, 18 © ANERE R AT I [ it
B, B TR R G S R, T — R AR
I, B ARSI R 0.50% ~2.50% , 4
MR INTE R 0. 10% ~0.50% o XL R 3L 7.
XFFAFERFIN TG R B R, [ R AE 88% ~
106% 2 [a] , i 2 BRI <6 Pl Bk ik K B o U

RT bR G

Table 7 Recovery test of standard addition

JLE B Fe Si Al
HE/ % 14.15 1. 00 0.59 0. 10
A/ % 5.00 0.50 1. 00 2.50 0.50 1. 00 2.50 0. 10 0.20 0.50
M %E {8/ % 19.22 1.46 2.05 3.56 1.10 1.53 3.24 0. 188 0.32 0.57
[ER/ % 101. 4 92 105 102 102 94 106 88 110 94

2.6 fTEmITHT

PRI 7 5 X FERE i B AT B Bk R AR R Y

1L YCE , A R L 8, 545 R RSD <9.6%,

T R VRS
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x8 MELEFR(n=11)
Table 8 Measurement results(n =11)

ME IR 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

WEAH %
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
SEY41E/ % 14. 15 1. 00 0.59 0.10
RSD/ % 0.54 3.7 5.8 9.6

2.7 FERIXIE

SRR RIE I B & M4 6 B A I e
Si it BRI BRI A, i T B 508, HLA &b R
(18 3£ PR M 0 T BT R . R R RO
EE Fe i, TR %0738 19 N A7
FE—E W R . 2 P IRSOEE e Al 4,
PR R R AR, T e mil Yy Ak . R
R SRR 15 5 8 A i v U 5 BRI S A R
T, A3 BT I R R A O AR A ¥ [ L A3 BT R
AR o LASIBRRE SR B, R A 5k SR R
TGS o B 1 B r SR B S S T AT
PRI TR v BOR, 25 R L6 9, I 4
RFW, 2 5 R 7 i) BRI, He 45 SR A AR X
ZEARNKTF 10.0% , w]H1, A 532 D0 7 5408 v v 5
AT AR ARG Al Bk Rk AR R A TR

x9N IR

Table 9 Contrast experiment

ME TR B Fe Si Al
5 25 S/ % 14. 15 1. 00 0.59 0.10
L X 45 5 % 14.25 1.03 0.56 0.11
FHRT R/ % 0.71 3.0 -5.1 10.0
A
3 énlb

BExt AT BUA BRI G 4 45 o0 2 I E A7 AE Y 7]
AL ARG T 1CP - OES 3452 B0 5 6 Hh il |
Bk HE SR AT 1 PR Al BT AR T 1A T TR
R IFES AT R T s B R A TT R
AT I B 45 Fr oG ZR AR R S T
FRLAFH LAR E245E .

1) SR ARk + b 5 7 o0 gk il (FF
A PREEER 1.0 g) , TSGR FH KT A iy 1) 248 3
O3, FELABRIEBR (1. 5 g BPREA + 1 g 1L AL HY) AL BT

D REBRIE A AT A 5T 4, I TR 2 IR, T
F I T BR AT 2 2K .

2) Sy Hr ik R R AR R ARV B R e /N 43
Mrif e, & oo Rk 20 MK 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; /£ _F k43
Brige & #EAT R, Bk Ak AR i A B 0 0l R
0.009 0 wg/mL.0. 039 wg/mL.0.018 wg/mL,

3) 3L RETT IR AR SR Lk e AR HEAT IR
I SEL, ISR Ry 88% ~ 106% 5 J5 1 T S bt
mn I R, &5 2R 8 AH X s il 22 (RSD,n = 11) 2y
0.54% ~9.6%

4) RFAARBIS Iy 1CP-OFS ¥ 5%k (AAS
2 A L B TCP = MS X4 b il 8k ik &
BRIEAT LRI i 12X, I 245 R A — 3

5)ICP-OES 3 Al #4772 S K [ & , J7 i i
i PR, I 2 SR UER T EE , ATV AR BRI 5 <
Fi M EERFOCER SRR 0 LT, X
HAE 7= BT e R B R T

E=3CN
(1] BN, BTG, AR, 5 . R 8 A 2 00 E ik bl [ ) ]

A4 2023 ,32(12) 37 - 42.
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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 pg/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



