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Abstract: C, a radionuclide, which is widely used in all works of life, such as medical research and
determination of PM2.5, has been realized autonomous production in China. It relied on imports, which
was expensive and unstable supply in the past time. At present, Qinshan Nuclear Power has started “C
production to completely solve the problem of the serious shortage of *C independent supply in China.
Aluminum nitride powder is the main raw material for the preparation of *C, whose elemental aluminum
directly affects the safety and quality of C isotopic targets in nuclear reactors. Aluminum nitride is very
stable in an inert high temperature environment. But a lot of elemental aluminum will react with water
producing hydrogen in a high temperature environment which can result in the expansion of component
rods or it will react with cladding tubes producing hydrogen embrittling effect, and these can affect the

quality of 'C isotopic target. According to the characteristic of aluminum nitride insoluble in acid, this
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study researched different dissolution effect of elemental aluminum in aluminum nitride nano-powder by

nitric acid, hydrochloric acid and sulfuric acid. It was found that the above mentioned acid can only

dissolve a small amount of aluminum nitride powder, and there was a small amount of aluminum nitride

powder suspending in solution, which would seriously interfere the determination of elemental aluminum.

At present, microwave digestion, laser ablation, X-ray fluorescence and other methods are used to dissolve

or determinate aluminum nitride, but they are not suitable for the determination of elemental aluminum.

The determination of elemental aluminum is generally used in pharmaceutical, soil, tea and other samples,

but most of the aluminum in the above samples exists as an impurity element, or aluminum is combined

with organic matter, which is easy to separate from elemental aluminum. However, it is difficult to achieve

complete separation of elemental aluminum(unbound elemental aluminum) and the aluminum nitride

matrix in the aluminum nitride powder. This study used replacement reaction to selectively dissolve

elemental aluminum. Then the suspended aluminum nitride powder was separated by filter membrane

filter. By this method, it could solve the determination interference to elemental aluminum. This study

established the determination of elemental aluminum in aluminum nitride nanoparticles by inductively

coupled plasma mass spectrometer(ICP-MS), which has the advantages of low determination limit, high

accuracy, fast determination speed and small matrix effect. This method’s linear range is 10-100 pg/g and

the relative standard deviation is 3.8%(n=6). Using high purity alumina powder to verify the established

determination method, the dissolution efficiency can reach 96%-98%.

Key words: '“C target; aluminum nitride; ICP-MS; elemental aluminum
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Table 1 Aluminum content in solution of aluminum nitride

dissolved by different concentrations of acids
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Table 2 Aluminum content in solution of dissolved

aluminum nitride by different process modes
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3.0 27 6.0 28

25 REAEEZER

SR G 0 06 31 4 0 0 W5 R A SR R 2 4
P, AR S 7T 0 12 i, D9 A LR UE 95 K
I B TD, DA R SR 58 4 o B D0 3 4 28 4
VR SES © N | AN 51 I = o N 1 [ o0
FIXE RSS2 I B [R] 6 4% 20, 30, 40, 50, 60 min,
A5 A 40 2 B ) O 15, 26, 28, 28, 28 pg/g.
25 BLRT 0. B IS IA]FE 20~ 30 min, 55 5
W7 B T 1 0T 3G A0, 7E 20 min B, RE B R 4R
H5EEFESRNATS, TEEA TAASREK
R TF ORI Z2 T BT AR JURE, S B0 AR R
VSR TP AR B T O TR Ay, T R RN B )R K
Yk S 1 0 S B ED 40 A I 25 SR L P R AR AR,
ot 2 5 B 40~ 60 min Sy F £E 2 1 S (]
2.6 F5iEHH PR R bR B

T I 2 S E R, X 11 428 s AT
WK, R EA AR 1.3, 1.0, 1.4, 1.3, 1.2, 1.4,
1.1, 1.2, 1.5, 1.2, 1.5 pg/g, DL H AR MER 22 19 3 545

7R BRAS B4R & a0 T B 0.46 pg/g, I
J7EE R R R 10 pg/g, RE W i 2 K6 I 325K
S ) 7 LAV L 10~ 100 pg/g, F 2 il b i
Mhdos T 1.

5 -
Al 1=4244.1x423778 .
7=0.999 9
/'/.
T 3r
il o
S o
1t o
or =

0 20 40 60 80 100 120
p(AD/(pg-L™)

P BRIRBE AR 2k

Fig. 1 Standard curve of aluminum concentration

27 RBEEXE

AR 8 S Ak A0 AR KB AR A, SEAT AR 0.1 g
RALER 6 24, SR FH 25 8 T /K R B R RV T 47 B
i RS U R, K SO min 24 . [RIEE EAT
25 SR I, AN 0 R R VS AR, T B T TR AR A
S 0k 2Pk 48 9 K R oK B TR A 4 )
h 27, 28, 26, 29, 27, 28 pg/g, FXARHEN 25 K 3.8%.
28 SHAHRWIELE

[7i) Bsf A FH v 26 60 Fy T SR B9 RS2 56 . FRER 0.1 g
e Sl BR R, Ry R ORLEE 5 AR BR R EE 4 0, AT
FREC6 A~ FE S, I T mL B B R 2% 74 (4.0 g/L)
LB T, BEPE 50 min, 2RGS0 . T E B P
ER R 435 R 515, 509, 523, 529, 520, 523 pg, AJ
B 22 A2 R B T8] PN BB 98 45 ff 509~ 529 pg BT
BR o T B Y BT AR S G T, B R Ak B AL
RAE 94%~98%.

3 & g

SR PRI & 2 B TR B IR WF S AL TR
PLER A K by v BRSO R 7 9, A5 LU S8

(1) 2R B e i X AL S0 80 A b B s 40 E AT
VR, THBR T RHL B VA A DT 5 G AL R A R
Hh BT S 5 0 B DR, S B RLTAR  00

(2) 38 ik b o 5 7 AR R i UKL, T BR T
SEAR i 5

(3) K 0.1 g oy S 5R 5 5 L R B0 B0 5 411 119



472

Btk Sty ek

BHACR, BHACRIE T 94%~98%, B & & L
FRE B 529 ng. HEEEAE o 5 K BEAT BE P10 i, Xt
HESE2 565 5 30 0 e T 2 S 0 AL R ARG T 1) B

DA 37 B B G 4 B AR T ok 0 E Ak
BRANK A B TR, AR S B IS R 0.46 ng/g,
A BR VAl 22 4 3.8%(n=6) .

B 3k

[1] w5, B 2= 8 0,58 AR ER R A il 45 5 L FH AU 9% 2
JEE[I]. P 24 412,2021,42(1):44-53.

(2] K& ZEUIAL, 2 2P, AL AR i 28 07 12 B o it
JE[IT AR B4R, 2021,39(4):373-382.

(3] BRHPY, B8 MU 22 2 i, S5 IR T A - vl RS 5 55 B 1
Fi I = AL AR P 15 2T R 19 )] 30
ARG I -Ah 2753 HF,2021,57(12):1110-1114.

[4] ot 47 5 B 7655 UL A0 R TNOG 4 TR AL ik 53 F
JE[T]. AR, 2022,51(7):77-86,149.

(51 X8, RS B BE T X TS0 BB 2R

(6]

7]

(8]

(9]

[10]

(11]

[12]

[13]

ERFFE 123 AR, 2020,43(2):62-69.
XEEDY, F 30 4% ICP-AES LI E MR e R h & )8
AN =4S AR 0] HiR 42,2016(5):32-33,54.

JRIBAL sk AR B G S B IR BRI E A =
ST 15 G IR B R[] 9R4:5M1,2022,
42(8):87-95.

Bl1g2 2% 22 B RUA HLRR X 2% ] 1 Sk 488 S e b
Wil [D].AE 22 )1 [l KA,2016.

PERKOT, PN R, TRAE S5 A O G RE I A B B 5 S T
PR BRI A A Th AR o R 25 R LA 0] B R A
HAR2E4R,2021,12(17):6929-6932.

RIVEE BACFE R I TCAL R I ik SR il 45 (D]
F KB Tl K2,2022.

RIS AIN B3 2K 1 K R AT S B fi oK A 1 BB B 92 [D]. R
B R B RA,2010.

K, BT T A B A3 G RE B A AR
FEAY BT & 340 4k T 5E,2018(2):13-14.

AR, TGN, T4, 55 R B4 T2 a5 Tk RUBE S
ARARA ] R THAR,2021,50(5):119-126.


https://doi.org/10.11973/lhjy-hx202112009
https://doi.org/10.11973/lhjy-hx202112009
https://doi.org/10.11973/lhjy-hx202112009
https://doi.org/10.11973/lhjy-hx202112009
https://doi.org/10.3969/j.issn.1672-8114.2018.02.009

	1 实验部分
	1.1 仪器与试剂
	1.2 ICP-MS仪器工作参数
	1.3 实验方法

	2 结果与讨论
	2.1 氮化铝溶解
	2.2 氮化铝悬浮颗粒过滤
	2.3 溶解氮化铝引入铝离子
	2.4 置换法溶解
	2.5 反应时间考察
	2.6 方法检出限及标准曲线
	2.7 精密度实验
	2.8 高纯铝验证实验

	3 结　论
	参考文献

