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Research on the Measurement Method of Uranium Content and
Radioactive Activity in Sputtered Uranium Targets
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Abstract: To develop an "equivalent thickness measurement technique" for non-destructive
measurement of ultra-thin carbon nanotube film uranium target thickness, which can address the
limitations of traditional measurement methods. The magnetron sputtering was used to prepare
uranium targets on carbon nanotube films and stainless steel substrates. The surface emissivity of the
uranium target was measured and converted into mass thickness using 2mo and 2zl multi wire
proportional counters, and compared and verified using a liquid scintillation counter. The
experimental results show that the maximum deviation between the uranium target thickness
measured by this method and the liquid scintillation counter is only —4.8%, which verifies the
reliability of this technology; The measurement of samples at different positions also confirmed the
uniformity of uranium distribution during the sputtering process. This study successfully established
a new non-destructive measurement method that can accurately measure the thickness of ultra-thin
uranium targets, providing an effective technical means for uranium target preparation and quality
control in related fields.
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Fig.1 Process diagram for uranium target preparation

and measurement
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Fig.2 Schematic diagram of the combined substrate
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Fig.3 ¢ 20 mmx1 mm stainless steel substrate

distribution map
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Fig.4 Carbon nanotube film substrate
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Fig.5 Technical diagram of the 2ro, 2p multi-wire surface emission rate absolute measurement device
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al alpha activity of natural uranium
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Table 2 2ma, 2ap multi-wire surface emission rate

measurement device a background measurement results

~ WE . AR T G
S R - T

1 1000 48 0.048

2 1000 42 0.042

3 3000 160 0.053
0.049 0.0064

4 1000 51 0.051

5 1000 43 0.043

6 1000 59 0.059
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Table 3 The background count rates of 2za and 273
multi-wire surface emission rate absolute measurement

device at each single value threshold

Y ARIH RS bR
10 0.049 0.0064
s 0.042 0.0065
2.0 0.039 0.0062
25 0.037 0.0061
3.0 0.036 0.0060

O3 1) b 22 T 2 SR, LI A O e 40 K A I
1) 3 T 2 3R o

M T 4LE 5 R gk 8 BE T AR &
G, T AR AR BE I B R b A SRy R AR
A5 A B A3 T 3L I & i, R IL T 2
TIE T S5 1) 3L IS OF- 15 Hp o R0 3 43 il 1 4
Mo AL A 4 B R SR ¢ 20 mmx1 mm A
SN B, 0 FL TR  A AE SR A
HEAT IR S 5L 5 . WS S 2na, 20 £ 22 0F
PO AT 5028 2 T A% S 238 4 X ) k2 0 A A R
B B A A 1 R T R S R, O LU ARG TR R AL I R
T & 3 23 5 rpot B S 0 T R SR, AT 56 UE
Tl S 381 e RN VR A A A
23 EFREANGEITHBHOHETUE

FEAR AL G JE R v S 55 9 43 16 A o o IS
FE G, T BN A A R Bk 40 K S R R A R AT
3R AN Tt EE RO S N R TR
G35 B AR KA IS ol o e R T — . =
W N TR CTDCR 5D S — Bl 16 3 446 X ) &
J7 e, A LUE A AN R B 3 U AR BE ST
fifi F HIDEX ¥ [A 31 0 4% ik o K B2 48 20 (PLD £
ARIEAT o B, LA A B 40 K A8 Rk 40 4 b
F6 3% i R A ok U, 5 TDCR i - sk 4 >k
A TRl O B 0 7 1k 8 T IR M Y o I
I 58 B, 38 1 3 O30 e B 400 oK A B #0014 7
JIE Bt A Ut 1) B VR, O 5 0P N2 B R ek
AN B 43 1 il O AR RE R AT LG R, DL IR
“ERUR R BT (R AT

D=A/(SC) 3)

A DO T R, pg/om?®s A S A5 3 (g
T, Bqs S FE A AT AT I B, 1.64 cm’.

30 Ao ) AR DA R I S e O B A O R T

W SR A3 B, DR 6 428 2.1 74 S 568 w0 S s ) S
[Fi) 1) = A3 Ml 8 K A5 Sy B R R AT 250 . AR
B 94 K S BRI 2 W, SRy T e T VR TN T
S AT RV, i S50 % O 1 K SR Al bR T T
Y0 ) 2 Y DA VR, o 0 R 5 SR 5 A v
s

3 #R5iTe
3 EF2no2np SLELITHBIRAD AL ER
@3t EREERNHENE

3.1 A HE TP O GEAER o 0 h ER TR R
M f#FH 2no. 2np £ 22 1F Wi B es 2 | & 8
A XTI w1 S A 0 2
i B A 55 0 4 I T AR 16,11 em®) B4 4l 26 T
AR RIS ERAXDFIHERE R
SRENE R RS . R4 W, AR A
BRI 43 9 R R A B K IR i JREJEE A 3.51 pgfem’

R4 HEERFPAEHNBOINBMRELZHTENELR
Table 4 Measurement results of uranium surface

emission rate in stainless steel part of composite substrate
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Table S Measurement results of uranium surface
emission rate of stainless steel disc uranium target with

a diameter of 20 mm X 1 mm

e i’%ﬁ%ﬂ?%/ NUJ& %J—?E—ZTE_/ ﬁ‘(ﬁﬁiﬁ/ 22/
s (pg-em ) s %
NU-20x1-1 0.680 16.9 0.0605 0
NU-20x1-2 0.750 18.7 0.0570 10.3
NU-20x1-3 0.714 17.8 0.0500 5.0
NU-20x1-4 0.636 15.8 0.0541 -6.5
NU-20x1-5 0.474 11.8 0.0119 0
NU-20x1-6 0.482 12.0 0.0068 1.7
NU-20x1-7 0.478 11.9 0.0010 0.1
NU-20x1-8 0.448 11.1 0.0394 59
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Fig.6 Two dimensional a and f spectrum of natural uranium standard solution
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Table 6 Measurement of specific activity of natural uranium solution using liquid scintillation counter
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Fig.7 Liquid scintillation source prepared using carbon

nanotube film uranium target
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Table 7 Measurement of mass thickness of
Carbon nanotube film uranium target by liquid

scintillation counter

W WEEBq  BURIEE (ugem ) RBIEE%
NU-50%x4-2 0.256 3.44 2.2
NU-50%1-2 0.197 2.65 22
NU-50%x1-3 0.169 2.26 2.2

4 g

AR FF & T —FpIC i & 5 i HZE
FRF P B8R ) T T e 40 K S B A 0 Y AR R B
T R 3 b A I A A
S5, BUE T H AT . BRAh, R B TS i
A b gl p S8 S M, 3R B BOR B8 65 A 50 = A
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Table 8 Comparison of thickness results calculated by two absolute measurement methods

: 2o, 2nBE 22 FTH KSR A VAR IR
g = - - - 5 T2z
1% J¥/Bq SRR/ (ug-om ) WHE/Bq SRR /(ug-cm )
NU-50%2-2 1.446 3.51 0.256 3.44 2.0%
NU-50x1-2 0.543 2.63 0.197 2.65 —0.7%
NU-50x1-3 0.444 2.15 0.1685 2.26 —4.8%
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