Hh [ AL M e

1422 http://zgwjfxhx.bgrimm.cn

2025 4F

2.2 Nb;Sn{IMFIREH

& Sa J&n T FE & 0 X ST 5T (XRD) B 3%, M
P Sa b il LIIEE 2, B T 4k A KO0 ZE B NbaSn Al
S sh, B4 Nb . Sn L S g Cu & Cu-Sn & 4 %
FA AT S0 o X T Sn 3 HIOR 58 4 5 BOR IR 1)
Nb DL K Sn 4. CufEMBIERIAS 5, A4
AR SN Cu-Sn B4 . N T HEE A
Y Nb;SnAf 7 £ 424k, B XRD &l 3% rh Nb:Sn 47 5f
W P 3 35 55 R IS IO 1 NI AT S g o B8 47 LU A, SR R AE
A K2R AE A NboSn 7 i ARk, K8 H SRR G 44
X TadwmAlER, E Sb TR, HE S5bal LLE 3], K
E 1B Ta R IE N, Nb.Sn A7 5058 FE L 20 T — 4
Sel /N 5 R AR, B AR STa ke b 3 B
5 11 Nb,Sn A7 5 658 B . X A48 LA 5 1] 4b H Sn
PHORE(ERE Tate 22 & AL —3 Uil Ta
IR T Sn B4 HUR R [RIBS, 45 ) F NbySn 4k & A4 i
JI o 1 NbSn A& Az i i, AR HE T Sn i i —

(a) * s % *Nb3Sn ANb ¢CuSn # Sn
L] .

Q'f' S A e o o Ay 7Ta
6 Ta

5Ta
4Ta

Intensity/a.u.

3Ta

2Ta
1Ta

L Pure

1 1 1 1 0 R

20 30 40 50 60 70 80
2.1()

LY. HESbIAE B Tay |l 5% B, FEdh 3k
57 f Al B9 NbsSn 7 12

P06 SR 7R TR 7E AL S A T O
(SEM) EHZ, £ 5 Ta & & 8 0~7 at%, i Nano
Measurer {41 1 7 ¥ i B R0 (% 2)) . K6
Al LA Y, Y Ta &8 78 0~4 at % I, Skigi sl
SWIUINTE TAESEI N I PR o o N IR R S A A (E S
B B A AR AR T TR R, SRR — SRR
(kL AR RST B Ta & S B I i i K. 24
Tatw N5 atY~7 at% B, B 5 S R i 25 TR,
AR RT3 R 2457, Al 1 % B RN ST AR 3] T I
$Tt. JLH5 Tak§6 Ta B s A R ki 451
IR B M. A SniH BT MR E L Sn
(0 i T 5 g T BT BN AR R T R
WA, B aE HR AL 2 0 iUk 4, i
PESn Y. XA SR AR, SRR T
LIBS £ AR MER MR T Sn 94 #i7°4 -

0.65
(b)
0.60-

0 1 2 3 4 5 6 7
The Ta content/at%

El5 (a) I BERALIEFHXRD E; (b) ¥ BERL v/l v SHRMTaZEBHXR

Figure 5 (a) XRD pattern of diffusion sample after heat treatment; (b) The relationship between diffusion

sample Iy, s./Ix, and the content of added Ta.

6 PAMEFEIRESRTE X30 000 5 TR B F B 755 (SEM) B1%: (a) Pure; (b)1 Ta; (c)2 Ta; (d)3 Ta; (e)4 Ta;
(f)5Ta; (g)6 Ta; (h)7 Ta

Figure 6 The scanning electron microscope (SEM) image of the sample after heat treatment at X 30 000 times,
(a)Pure; (b)1 Ta; (¢)2 Ta; (d)3 Ta; (e)4 Ta; (f) 5 Ta; (g) 6 Ta; (h)7 Ta.
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Table 2 Average grain size of Nb;Sn superconductor samples

#3 NbSnBSEHMET. 5 AT,
Table 3 T, and AT, of Nb,Sn superconductor samples

Samples Average grain size/nm Samples T./K AT./K
Pure 102. 266 Pure 18.0 3.8
1Ta 119. 651 1Ta 17.8 3.2
2Ta 124. 24 2Ta 17.8 2.6
3 Ta 127. 666 3 Ta 17.7 2.9
4 Ta 116. 170 4 Ta 17.8 3.1
5Ta 88. 675 5Ta 18.1 2.2
6 Ta 94. 957 6 Ta 18.0 2.4
7 Ta 111. 900 7 Ta 17.9 2.3
2.3 BSR4 3 &Fig

KT 5 Tats 24 X% Sn ™ #0k il % Nb,Sn [
SRR TR S RGN L TR T R
A5 B Rl R B 1) AR OC R, IEIT AT LI B, Ta
B IR T RE SRR A e R B T, DA B e i R
BEAT.. Nb:Snkf iy TAHFE17. 7~18. 1 K, ¥~
[l Ta g REG I T R AT B TR 3%, B30
DLES, W& Ta & 0350, B 50 TAE Se N G
WK, 5 Takp it BA R T, ©i53 Nb,Sn 19
TAH18. 1 Ko UtHH 5 Takf i B A &5 4l 1 Nb,Sn,
LA B EE R, TaB 42t 7 Sn 98U N,
AR 3 T NboSn (8 G B, I3 & 7 FE b
Nb;Sn 4l FE, BT LKA T8 8y T.o W05 Tahy
AT B/, Pure AT S K. BLWIB 2% Tafig g b
M2 5 Nb,Sn il S ARAHAE B, PR 48 17 R it e
L

0_

-0.05 £

? -0.10 17.1 174 17.7 18.0 183 ) 3Ta
o Temperature/K 5%
3 N —— 4 Ta
— - V”
% 0.15 »»»»»»»»»»»»' —=— 5Ta
E —+— 6Ta
-0.20 (7‘ —— TTa
yo
.
QU A 1 L
a
Jeesst 30 sanvnssross
030 eeeessasessseqsere®®
1 1 1
14 16 18 20

Temperature/K
B7 ATatFmiESRENXR, RMTaZEAH0~7 at%
(MIRERREA17. 1~18. 5 K KKE)

Figure 7 The relationship between magnetic moment and
temperature of Ta added samples, with Ta content ranging
from 0 to 7 at% (The insert is an enlarged image of

temperatures ranging from 17. 1-18. 5 K).
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NbsSn with 0—7 at% Ta influences Sn diffusion during the preparation of Nb;Sn via the Sn diffusion method. It

also provides a visual observation of Ta doping’s effect on Sn diffusion. The microstructure and superconductivity

of the samples were analyzed to explore how Ta doping affects Nb,Sn preparation using the Sn diffusion method. A

certain amount of Ta doping helps reduce the sample’s grain size, creating more grain boundaries, which are the

primary pathways for Sn diffusion. This promotes Sn diffusion and facilitates the Nb;Sn synthesis reaction. In turn,

Nb,Sn synthesis further enhances Sn diffusion. The 5% Ta-doped sample achieved the smallest grain size and most

uniform distribution. LIBS results showed it had the maximum Sn diffusion depth, and it displayed the best

superconductivity. Thus, a certain amount of Ta doping effectively resolves the issue of incomplete Sn diffusion

during Nb;Sn sample preparation. Moreover, this study confirms that LIBS technology can offer intuitive and

effective criteria for assessing Sn diffusion behavior, highlighting its potential for broader applications.

Keywords laser induced breakdown spectroscopy; Nb;Sn block material; Sn diffusion; superconducting transition

temperature

HIGHLIGHTS

1) Nb,Sn bulk materials were produced by powder diffusion method, and their properties were improved by
controlling the doping Ta content.

2) Study on Sn diffusion in NbsSn phase formation reaction using LIBS technology.

3) Verify the accuracy of LIBS data through phase analysis, microstructure, and superconductivity.



