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BRIHEN 4.0 kW, g K& H £ 60 kV,
RN 160 mA; SSTmAX 8 4R i i 1 4
# X 64, SuperQ5. TA B /F, AN R 5.
S Hra Bl B~ U, fif 24 PANalytical 24 ], 43 #7
K HEBEENO. 01 mg, {8 E Sartorius 24 A .
TP HESS | R # A 1 400 r/min, H ¥ FF,
KiEE R 0.01 g,
1.1.2 X7

T 56 FH A 1 9 5 Sk /SR = i v R 2% T T
R AT 4 B b HE W BT GBWO04205 CHlt Jit 43 %K
84. 711 %) M\ S AL = Hh 5L 4% 4 BT 5 E B R
GBWO04201; ¥ FE(HAE 15 JEMEFE 28 (0N
AL = Rl R A I R A R B ER L 2 D B
4 BRIRER (SrCOy ) VSR 4h E AL F 99.99% 5
R FHK N R EE T K,

1.2 REHE
1.2.1 HAETaeE

FREUEE i 1. 00 gORS A 51 0. 01 mg) J 105 C 4t
T4 h BB EREE 0. 600 g OF§ # 3 0. 01 mg) T
250 mLAEJE i b, 25 8 K o U5 BE, A
15 mLBERRFI 2 mL R, B T 200 C HL Y |, n#4
THAE 2G5 BN SR Ja ARG+ I BB 1K
PR EE T A K E 100 mL, FEAIA 10 mL 48R , &
T 200 C A g B, 10 min BCR mok &
200 mL, FH#E /I PEFERS B RE 1 min, F— PR 28R
EIRN20 glS W B T XRE BARFE AR b 1
1.2.2 HmlE

TR 102, 1 B R A I WA FR L TR AR
A HL R OB A B i X5 R O o 1 A R A
TCR AT SR R I AR LR 1

x1 MNENEFH

Table 1 Instrument measurement conditions

, o T ) PWORH/ MIE/ H/ 20/(%) PHD ML) /s
oMk Rk 7SR
BEE/ pom pm kv WM R PR 2 LL UL W TR FE2
U-La  LiF220 150 HiperScint Al 200 60 37.266 —2.472 1.411 15 78 50 10 10
Sr-Ka  LiF220 150 HiperScint Al 200 60 35.797 —1.009 2.864 15 78 50 10 10

2 ZR5iTR

2.1 HEmBAEEGRIEE
2.1.1 RAMWMEmMESNHEE

AR T FA AR T R 2E A
B VR AR R A D DU B E PR B AR AR R
Ty I FE AREE S A IR T 1,00 g A 225K L % A
ik 1. 00 g J& 75 6 /2 HEB B2 ZOR AT IR, SE 50
TR N T 5 Z — 1 K AR s KPR
AN E BE R 0. 03 mg, JUFRAE B AR X AR HEAS 5
BEH 0.03X10 %/1.00X100% =0. 003 % , it }&
FAREN A T TP L E I MERR /N T 0. TR B SR,
[ei] Fsf o Sy 3 4 TR K 01 0 95 A 400 2% B 0 KR il
At (U O) B FRAE 52 1,00 g, BI5E ) J7 KL 1Y)
/N FRFEE
2.1.2 AREYMMRHEENHE

— BN BR W RN G AT ) 0 5 4R ik R N R AR A
[l , XRF SR FH P9 b v 0 28 18 T /N0, A 4 P
JGER F3 AT 0 2= 118 W AT RT3 i 00 0 2 A A (] 1

JE Bl 43 BT 268 U-La 0,091 1 nm, $EFE IR I
I i AL AR AH TR B A 4 3% 4 B E SrKa
0.087 7 nm A NAREFIEL . LI %% LA &
WA SrSO, . SrCO; ., Sr (NO;), ., SrCl, £, SrSO,
JE— PR P 0T L AE BR VS W 2 ULTE 5 SeClL 7E 28 K,
TG B 45 dh K AR A . A FRUE 5 St (NO; ),
JE—Fh S i HOME DL 3R AT g B B Al
Kt - SrSO, . Sr(NO,y ), StICL ¥ R 554 N Fr ¥
IS — i 1 it R W B e A Y B
M.

AL E KT 99. 99% H B TRW
SrCO: fE M NAR LA . BRI L. 00 g /N AL =
bR EY) BT GBW04205 FIAS [ & (9 SrCO; ,
PR - TR T A b AT 4 G O 8 B L O 3 BR Al AR Y
S8 B b SrCO, FREE I I L3 2. W LAE
4 N bR R R PR RE BT RETE 0. 600 20 g B, HoksR
JEAT 100 g NEAL =S ARFE Y Yo B . II7E
H b B R SR AR i v il 3 T S AR R L TRt
AFEWNIRY) SrCO; FRAEBT i L) 0. 600 g SH'H .
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Table 2 Selection of sample mass for internal standard substance

FRFE DT/ g T 3 B/ keps 94
GBW04205 SrCO; Iy Is Iy/Is:
1.004 12 0. 400 81 431.047 8 290. 388 5 1.484 4
1.004 87 0.500 55 424,738 5 351,581 4 1.208 1
1.007 28 0. 600 20 422,391 2 413,064 9 1.022 6
1.006 25 0. 700 74 415.535 1 473.961 8 0.876 7
2.1.3 BHEAXNRE U SR R 45 R P 4 o IOV A R T i B

XRF fif ab #1407 20 8 5 A Rk e
AW BT R ARG ™ i B S 1 B Ik
FE R 5 i R ik e R R RE R A 4 Hp o A i A
oy 2B I A AR SR T WA O 2
TR AV S0 TH i e 4 B I T i R DR R A T
fiff 56 4 o B HUAT DRIE R BE 1Y — SRk S BRI 1 I i
WP A 15 mL B8 .2 mL i8R H T
TEH ff o B8 Th A B2 ) 44 Kk DR AR i o8 & )5 P
B 10 mLL il 2 5 A B2 B, 3 4 B AT £ iF fil§ 1R
W RE 1 — B A A R v T 0 BB 3 K AR il RN
AR ) 1) T8 R
2.1.4 EFEBROBE

FEMARAE BT 1,00 g NARY) ik BR B FRAE:
JEHER 0. 600 g, FE I fEAE S B IN A BERR TR A5 1 )
B3R 53 FH R BE B3R R AR Al b ob B 0 R
RS B S R ER B B SrSO, . A SrSO, % .
g SNV A BE L GE SRR EL 200 mL R HL,

2.1.5 RBREOMMUEBMBEAXBE

ARG RS . RS — e 3k 58
B e Wi R GRS BB R
T 4 ST S AFAE TR VRO A Uk TS Y i KU 5 T 3R
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ER T AR il 22 ik XU
2.2 (UHENEBFMGREE
2.2.1 HHE X & RIEE

FRAE X GF2 ™ A T I 5 N R BT RO BRAE - 2
A GRS IO PR AL T PR
Al — 7 e B AN R R R A X 5 K R > L
FA>M R Al AR A 2R AR X3 2R I A AR
X FE LA 3,

R3 UMSrHEEHEXIEESH
Table 3 The main characteristic X-ray line

parameters of U and Sr

JLE OFFME X %L WK/nm BEREBE/keV MR

Kai 0.012 6 115. 610 -
La 0.091 1 21. 764 100

8]
L. 0.092 3 20. 938 10
L 0.072 0 17.160 50
Ka 0.087 5 16. 101 100

Sr K. 0.088 0 2.220 50
Kp 0.078 3 2.008 15

H 3R 3 AL, UK, & Lol 115, 610 keV,
S ) XSG TR TG A B il Y
K27 . F T 00 5 8 BUAH X 5 BE o5 K 3k 4 )t
DU [ Bk 25 A rh i 26 S 1 T 8 R AR X
WLl U-L,, » Sr-K, A,

2.2.2 BEEERIEE

TV i AR (] 3 A R AR 0k 9% 1Y 3 1 T B
(24.30.34 mm) , HAEFIAH 24 T O6H . AT I8 B A AR
SRS X POt T . BT R 8
WARFENR N A2 37 mm, g B AR RE 5 0 B B
PEFE 34 mm Y38 I [,
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2.2.3 EEBWIEE

T B HY — 20 18] B A 4 1 A7 4 8 1 S TR
B T UBOR B AR B AR 0 & B0 IR R —
WFEASEAT I, SR 5 15 5 30 & 4 3 T8 SR 2%
B H . E LA T ) BE A IR R A . A
RMEE A LRSI RZ |, FEA TS
IR BB 0 A3 B3 T R R O S 3 A M
Wi A 150 pem T 300 e 1 F0RILAS 5 UK 0 B 45 1%
A i R R ER I 5 18], 7T HEBR e A 9 & I B
I SO R EE RURS o M UL S MR EERGR -
P AN 2 FER R R 150 pm BRI GRE A s
2.3 EARERZERITE

VES VBT T R K A ot T A A TR VU T LA
B A i 1B 2 B2 AR O AN 3 S0 DL ROREBE S0 W)
IOV 5[] Hsf AT g AT 4% 4L T ) TR i 348 8 0
AEL Sl 9 VAT S A A0 2 0 i) W AT 484 5 580, A [m) ik
JE ) TR R AR B A A A R ik L AR RO — B
SRR M TP T AR IE

AR T Sr-Ka 1 U-La S AH 4B 1% 26, )
WA 3 54 S50 i AR — 0, PR O 52 5 SR Y N A v D
Sl AR 5 B HE (T / Ts,) B2 0E 3 A 25 53 R0 4 BEOIR
BA—Fsgm . 45 /i3 A=0h

wy=[1y/Is XE+B]/my X100%, (1)

Krpiwe—UBEM SR, %0 1o—U TR
58 kepss Is,—Sr JG 3R AN 5 58 i kepss E— 1%
P I 1 R 385 B v il 2k Y AR 5 oy — K AR

Gl A AR AL g
2.4 TiEMZ

FREL GBW04205 pR#ERE § 0. 93.0. 95,0, 97,
0.99.1.01,1. 03 gCKE#H ] 0. 01 mg) , XJ hiz )l
JFidE Ry 0. 787 81.0. 804 75.0. 821 70.0. 838 64,
0.855 58.0. 872 52 g; [A] Bk B Ak iR #8 0. 600 g
RS0 310, 01mg) 3 BR 1. 2. 120 B4 3 W - R I

FH XS 4R 9 50 3 A3 0 ity R Y 2 O 5 B X6
I 5 BE 43 A 414, 332 0,411,691 4,411,917 0,
433.718 0,428.178 8 F1 436. 230 3 kcps; X h 48
SR EE 4> B Ok 438. 174 0,426, 853 4,417. 981 8,
431.378 9,417. 576 6 F1 416. 895 4 keps, LAAH.
B U AE (Lo / Is) MR AL bR, 8l BT & Gmy)
R YA i TAEFR A R 2 25 R WAL 1,

[ »=83.852x-0.425 5
R>=0.999 8

0.80f
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Fig. 1 The linear relationship between Iy /I, and my

HI 1AL 7 TARR 4l y=83. 8522 —
0.425 5, & PEHE R EL(R) 2 0. 999 8., fill 418
JIE LS T R R ARG R
2.5 AERBREERR

I 6 A AN [ HE U RF s B FE 23 50 R
BU6 0y 48 1. 2.1 25 B DL R A Ak % i A 2 A4S 4%
N5t 5 AT 1 2 P I U s R L3R 4
0 7 25 S 0 ARG B HE AR 25 (RSD) 7E 0. 03106 ~
0. 050 %0 , 1 & S BR Az 7= vhoRs % B /N T 0. 10 2
SR T ORG 9 BE BT
2.6 HEAHERE

A ADARUED) BT CF 2 A TEAERE $2 AR FNHE
PEAT RGN, 25 R L ZE 5,

x4 REEABRLER
Table 4 Precision experiment results
P (U % w(U) -1 o AR 22 AEXT A ARG 26
/% (SD)/% (RSD)/ %
HS-1 83.578 83.538 83. 546 83.551 83.599 83.593 83.568 0.026 0.031
HS-2 83.703 83. 750 83. 805 83.739 83.761 83.728 83.748 0. 034 0. 041
HS-3 84.030 83.941 83.977 83.934 83.972 83.913 83.961 0.041 0. 049
HS4 82.501 82.439 82.406 82.409 82.429 82.438 82.437 0.034 0.042
HS-5 84.613 84.676 84. 644 84.566 84.673 84. 660 84.639 0.042 0. 050
HS-6 84.123 84.070 84.058 84. 081 84.052 84. 048 84.072 0.028 0.033
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Table S Accuracy experiment results

i HEH) T . w(U) /% AH X 1R 22

%% s TR EE RE/Y
GBW04205 84. 680 84.736 84. 666 84.703 84. 694 84. 650 84. 688 84.711 0.027
GBW04201 84.705 84.726 84. 696 84.788 84.693 84. 745 84.726 84.754 0.034
EERE 17 84.631 84. 630 84. 682 84.670 84.619 84.655 84. 648 84.670 0.026
EEKE 27 84.659 84. 682 84. 635 84.677 84.578 84.576 84.635 84. 650 0.018

Hi 5 AT UL A k0 2 245 2R 5 4 v 49y o 4 4
(L 22 1) PR RS R 22 B0 /0N & 3 2 52 5 o 4% v L E A
YA il A0 R {55 0 o (22 PR B COL 100D B3R Ty
TR LB
2.7 FiEXALE

FEC 20 A R AR O3 ik R AT 03, O B ik
7 W9 AT FE A (R IR R AL S 3 R AT HE 1K
IR 2 TP L R 4 X i 22 A5 R WL 6. 2 BhT
TR 5 2 R 4 X A 22 2 0. 0106 ~0. 12626, 3%
IR X R 965 0 5 il 19 7 325 B T 5 L
ARG AR T HE 22 H /N T 0. 20 SR

Fo6 SMAELTIKE
Table 6 Comparison experiment results of analytical methods

w(U) /%

FAS s e e
ZGH-1 83.709 83.769 0. 060
ZGH-2 83. 756 83.863 0.107
ZGH-3 83. 748 83.799 0.051
ZGH-4 82.212 82.176 0.036
ZGH-5 81.913 82.001 0.088
ZGH-6 82. 784 82. 887 0.103
ZGH-7 81.716 81.678 0.038
ZGH-8 82.653 82.582 0.071
ZGH-9 83.417 83.363 0.054
ZGH-10 83. 180 83.075 0.105
ZGH-11 82.803 82.792 0.012
ZGH-12 82.625 82.537 0.088
ZGH-13 83.111 83.100 0.011
ZGH-14 83.472 83.591 0.119
ZGH-15 83. 270 83. 255 0.015
ZGH-16 83.759 83.715 0.044
ZGH-17 83.811 83. 686 0.125
ZGH-18 83. 834 83.720 0.114
ZGH-19 83. 656 83.670 0.014
ZGH-20 83.667 83.560 0.107
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Determination of Uranium Content in Natural Uranium Products
by X-ray Fluorescence Spectrometry
ZHU Shuguang', ZHANG Xin*?, LIU Jinliang®?*, LIU Chao®**, SONG Maosheng®*,
YAN Feiyan®?®, WANG Long*, LIU Yue', YANG Liyuan®
(1. Hubei 303 Warehouse, Wuhan 430000, Chinaj;
2. Research Institute No. 230, CNNC, Changsha 410007, China;
3. Hunan Engineering Technology Research Center for Evaluation and Comprehensive Utilization of Associated
Radioactive Mineral Resources, Changsha 410007, China;
4. China National Uranium Co. , Ltd. , CNNC, Beijing 100013, China;
5. China Nuclear Energy Industry Corporation, Beijing 100032, China)

Abstract; A method for determining uranium content in natural uranium products (U;Oz) by wave-
length dispersive X-ray fluorescence spectrometry was established using solution sample preparation
and strontium carbonate as the internal standard. The method determines that the weight of the sam-
ple is 1. 00 g, and the weight of the internal standard strontium carbonate is 0. 600 g. The sample is
digested with 15 mL of phosphoric acid and 2 mL of nitric acid to a constant volume of 200 mL. After
stirring with magnetic force, the volume of the solution is controlled using a disposable plastic pipette
and an electronic scale. Instrument measurement conditions selection feature X-ray line; U-L, , Sr-
K. » channel mask 34 mm, primary collimator 150 um. The linear correlation coefficient of the work-
ing curve of the method is 0. 999 8, and the relative standard deviation (RSD) is between 0. 031% and
0.050% , indicating good precision; The relative error between the measurement results and the rec-
ommended value of the reference material is not less than 0. 034 %, with good accuracy. Compared
with the potentiometric titration method, the absolute deviation of this method is between 0. 010%
and 0. 126%, and the results are accurate and reliable, meeting the requirements for rapid batch anal-
ysis of natural uranium products.

Key words: wavelength dispersive X-ray fluorescence spectrometry; natural uranium product; uranium

content



