Nuclear Science and Technology #AE5HR, 2026, 14(3), 82-92 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/nst
https://doi.org/10.12677/nst.2026.143008

E T CeBryl KRR M 2T A9 s & BARENE T3 7%

R

wET, XN F, FXF, TTR
AL R AR 5 TR, dERT

Wehs H . 20264F4 90 FHEM: 20264F4H20H; &AAHM: 20264F7H6H

wm B

ATHRERRT HEPHSEIE. ERWERIER, A3CELT PLCeBrs NSRRI AR A ZEA Ry B8 B A 3
R4, HRHTH234 mPa 1001 keVRHEyST R TRE E BT, ZRZHCeBrafmk. BR
FOLHRAEME . BIRBER BT B R u NI FPGASU b B A R, AT LA Sy ST R =4
FINBEIAE S A BB S Bk, FHTERAEE, SLIRAT Ry REM LN 4. RGET
137Cs, SOCOMMETRIREZ G, TE137Cs 662keVAE BB PRI REE 4 HFE N4.42%, 7£609~2614 keVIEE N
BEABGHRERME, 7 AR HHEET B AR R T FRRA . &% RAT FEH238U, 226Ra, 232Thfl40K
LLFHRABE R RR S SBHETIE B, 223 PA234mPa 1001 keViE N E B HiRE, 441764 keV
12614 keVIELERFIBNAIR, XF226Ra5232Th TR EAATRIES, FFESL T238U. 226Ra. 232ThHI40KfR
HESSHEE . KA R EES N AR RAERY B iR fii B Tl E, THRRT-I0E 18 2238UE A4
RESBERREE R ZHEHKRALY FERE BT B R A 587 DL T IHHIEA, B B fnig
I SRIRIG, REMARBHIE12% AN . FHER RS EREYIEGBW04112. GBW04127a%f
EHATHROE. £RRY, GBWO4112FE238UTEE €16 49.20 Bq/g, 5##FME8.35 Bq/gtLL, #EHXT
"EN10.21%; GBWO04127aflli5EH~11.03 Bq/g, ##xME10.56Bq/g, HIREN4.47%. H—FXF
ZRME AL RART R (B A B £00.005%) BEAT M IAE, A, B, CHIyREEE 18 4 H140.00556%-
0.00481%710.00601%, S54L2EELERMHL, HNREDHINS.79%. 9.31%F111.68%. FREKH,

FHEAUET ASHE S RARY M S B TR TR e, EIFPIH. KMED BIES %
T B A B i TREE A i DR HE AT, RORIEFR IR % R S ST IB A M AR

XA
CeBrs[NARERWIAS, yAeik, @&E, *mPa, 1001 keVHFEE, &4

SEIERE

MESIA: BT, X, FRT, TTR T CeBrs ARG HI & B P I = T EMT L] RS EAR,
2026, 14(3): 82-92. DOI: 10.12677/nst.2026.143008


https://www.hanspub.org/journal/nst
https://doi.org/10.12677/nst.2026.143008
https://doi.org/10.12677/nst.2026.143008
https://www.hanspub.org/

Research on a Rapid Quantitative
Determination Method for Uranium Content
Based on a CeBr; Scintillation Detector

Jianing Xu, Yang Liu*, Tianyu Li, Zijun Yu

School of Nuclear Science and Engineering, North China Electric Power University, Beijing

Received: April 9, 2026; accepted: April 20, 2026; published: July 6, 2026

Abstract

To find a better solution for determining the quantity of uranium in nature rocks quickly and with-
out destruction, we built up a y ray spectrometer with CeBrs scintillator. Then put forward to use
the special 1001 keV radiation gamma ray from 234 mPa effectively to measure its amount. The
system has a CeBrs Crystal, high sensitive photomultiplier tube and Analog Front - End Electronic
Components, A/D transformation part and FPGA Digital Processing parts. It turns the scintillations
generated when incident y-rays strike it into pulse currents efficiently to make energy spectrums;
thus, y-spectra can be acquired from natural ore samples fast, and they can be analyzed straighta-
way. Calibrate with 137CS and ¢9Co standards sourceto get the calibration factor, it is obtained at
an averageof 4.42% for the 662 keV (137CS) energy level and have a good linear relationship on
609~2614 KeVwhich ensure that we can findthe correctpeak easily evenwhen working on high
backgroundcountrate scenarios. To avoid spectrum interference due to the coexistence of more
than two kinds of natural radionuclide such as 238U, 226Ra, 232Th, 40K in natural ore sample, we
choose the 1001 keV peak of 23*mPa as main quantification peak. The 1764 keV and 2614 keV peaks
are included in order to help separate the interfering contributions of radium-226 and thorium-
232. A standard spectral database has been formed for 238U, 226Ra, 232Th and *°K. For my target, as
well as for the auxiliary peak I have applied the Gaussian with linear background fit. The accurate
inversion of the 238U activity and the uranium mass fraction after interference subtraction. It is good
at recognizing the peaks and suppressing interferes on the low grade ore sample with an overall
error of < 12% though there are very few. Validated with the national first - class certified reference
material: GBW04112, GBW04127a the GBW04112’s measured 238U activity is 9.20 Bq/g and the rel-
ative error between its activity and the certified value of 8.35 Bq/g is 10.21%. For GBW(04127a, the
value is 11.03 Bq/g and its certified value is 10.56 Bq/g; thus, there is an error of 4.47%. Moreover,
it was also employed for 3 low grade nature ore sample which have about 0.005% of uranium the
results of the y spectrometry on samples A, B and C are: 0.00556%, 0.00481%, 0.00601% with cor-
responding relative error compared to chemically analyzed result is: 8.79%; 9.31%; 11.68%. Above
all, indicates the method we put forward can quickly determine uranium content on low level na-
ture material without destroying it and has huge potential for use in on-site sorting of ore with first
category and so on. It can be applied in the environment monitoring as well, like nuclear waste dis-
posal.
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Figure 1. Detection efficiency calibration curve
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Table 1. Summary of four standard reference samples

1. iR AR

A=] KG— ' e ELE 2 (Ba/g) PR 5 (g)
1 GBW04302a Bl AR UE 28U 53.2 300.42
2 GBW04305a B P A AUR 22236;[{1%9858 350.40
3 GBW04308 B AR U 22Th 13.9 350.34
4 GBW04326 FH-40 H R 4K 3.13 350.40
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Figure 2. Flowchart of uranium content determination procedure
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Table 2. Detailed table of two ore samples
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Figure 3. Schematic of gamma spectrum and peak position window fitting for GBW04112
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Figure 4. Schematic of gamma spectrum and peak position window fitting for GBW04127a
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Figure 5. Sample specific activity bar chart
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Figure 6. Gamma spectrum of ore sample
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Figure 7. Uranium content results of ore samples
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Table 3. Uranium content results table for three samples

T3 ZIHEREETEERSE

FER 2R W TTIREE T % y BRI T4 IR/ % REE %
Feal A 0.00511 0.00556 +8.79
FEh B 0.00440 0.00481 +9.31
FEih C 0.00538 0.00601 +11.68
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