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Abstract: Lead-bismuth coolant in nuclear reactors generates and accumulates *'°Po during operation,
which has strong toxicity and high volatility. When the coolant leaks or the reactor is opened, some of the
21%Po on the surface of the coolant and in the covering gas will diffuse out of the main system if not
properly handled and released into the environment, posing a potential serious threat to the ecological
environment and human health. The high-temperature distillation capture technology can effectively extract
large amounts of 2'°Po from the lead-bismuth coolant. Since 2!°Po is an extremely toxic radioactive isotope
with no stable isotope, and to facilitate the experimental study of the capture process, this study ultimately
chose its isotopic cousin, Te, as a substitute for 2'°Po for experimental research. Measuring the trace
amount of Te in the distillation capture product can provide strong support for the 2°Po extraction process.
In the experiment, Te was extracted from the distillation capture film using nitric acid, and the 717 strong

basic anion resin was used to separate Te from the extraction solution to eliminate the interference of
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impurity ions. SnCl, reduced Te* to Te in HCl medium, and the absorbance was measured on a

spectrophotometer to obtain the content of trace Te in the sample. The influence of interfering ions in the

extraction solution on the measurement value of Te was investigated; the effects of the pH of the column

liquid, the concentration and amount of the elution agent, and the washing rate on the separation of Te were

explored; and a spectrophotometric method for the determination of trace Te in the distillation capture

product of lead-bismuth coolant was established. The results show that at room temperature, the HCI1

concentration of the column liquid is 4 mol/L, the eluent is ultrapure water, the washing rate is 2 mL/min.

The 717 strong basic anion resin demonstrates excellent separation performance for Te across a

concentration range of 0 to 10 mg/L, where the absorbance shows a strong linear correlation with Te

concentration. The correlation coefficient is °=0.999 9, with a relative standard deviation of measurement

ranging from 0.3% to 2.7%(n=6). The recovery rate is between 96.0% and 101.9%. This measurement

method satisfies the requirements for researching the 2!°Po extraction process.
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5.305 MeV 11 o KL FIHE L~ 0.804 MeV [ y KL
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Pro £ #VHE 1 46 P 4%, AU 50 KJp AL AR A
PR 23 vl 3 XPR204 HL 1 K1, A5 FE 107 g, M55 8- 4
Fl Z A3 (1) 47 B8 Wl ; ASONE MCS-2P 7l i
P g, HOAR S 2 w5 A KL, ) A YR
(L) ARAFA

LBE(Pb: 44.5%, Bi: 55.5%), M R A K 45 70 &
4:/ATl; Pb, Bi, Te MY FRIC R bRIER WL, 1 000 mg/L,
KA €6 4 @ R AR5 A il il ot s 717 58
B BB TR, BLAR N 74 um, LG RIRL T A
fh2E R A PR 75 B4k, BHR =18.2 MQecm,
1 Milli-Q Advanced # 4t il 15 ; 5% 9 BT FH W 6 1R
W WR . JC/K SnCl, ¥ kg T B 43 Hradi
1.2 EWAHZE
1.2.1 S8 a8BEHERMER HAE
Te fil& Te W LBE MR B YHERE T HRE
¢=100 mm 15 2 ML, Jil A 9 mol/L HNO; ¥= BUi
SR LT Wy, 8 S 0 A 1R o8 A
fift e BOR 4 A5 IR B 100~ 120 C ZE 1, B )
2%, H 4 mol/L HCl i Wi & 45 %2 100 mL, 15 %
25 BURE R IO
1.2.2 FBUR AR F 4 Te M2 T3 BEUE
W FE B4R B A Pb*, Ze*t, Bi*T, Fe¥', Ni*",
Zo* KR, L Zn? 4, F 3 mol/L HC1 2 ¥ 71,
Be il 250 mL 2 mg/L Te brifE TYE# W . 10 mL
100 mg/L Zn* b TAEH W . % HL 5 mL Te 5 ifE
VW12 0y, KL WAL, B4 6 10y, o B e
1—6 F1 T —VI, [6] 1—6 Hik K Im A 5. 10, 50,
250, 500, 1000 uL Zn?>H3fE TAEEW, 1) T — VI
M A X IS A LAY 3 mol/L HC 34 3 A1 g % R
41, FH A3 66 B 1 D0 5 P AL TR Y Te 1 A,
R p(Te)=po (Te) Vo/VISH Te 1YL PRI
o (Te) HEEW P Te 5L IR & W EF, mg/L;
po(Te) A Te b 1A T T &V B, BT po ( Te ) =2 mg/L;
VR T ITE G 7 W SR, mL; Vb
JIT B B Te br WES AR B, B V=5 mL. Xf [ 5
Br B 5 00 %8 {6, 43 BT 4% 00 85 Zn®> X Te M %€ 25 21
T . EE FIRSR, RIRIEF LB T Pb> .
Zr*, Bi*', Fe**, Ni2 Xt Te I 52 45 10 T4
1.2.3 BT Te B4 24tk IR T M BE5
0 10% 1Y NaOH ¥ W12 1L 717 S® A% 1 B B 7 B i
48 h, By, 7K vk 2 P H 4 mol/L HCI ¥ i 12 il
8 h, B, K ¥k 2 ik, b A A B % B Sk G AR
fg, . A3 AE A% $=0.8 cmx20 cm, FREL 1.00 g

T B, SR FH I i ke 6 3 A, IO e B B AR E
T4 1 T3, 7 1k 33 Sl AR T2 AR I Pkt . IR
R 40 7K T 4 mol/L HC I Y Itk 1 €2 335 A, 14 9% i
R 2 mL/min, [a] (3% AF A AR 2 B 10 mL 25 H
BRE S IE R, 10 mL 4 mol/L HCLIF 43 2 IR itk
UEJZ BT AL, B 5k B 0 % BT R 1 oh gk T VR
F 9 0 5 1% HE b B Y Te, WiC S VR I W, (IR 2%
T, ¥4, JA 10 mL 3 mol/L HCI ¥ ¥k, # 75 5 min,
13 3 25 W EORE A VU

1.2.4 60 EERIE RS Te & 1%
Te b 1 75 W0 FH 25 1V W2 0 e, AR U T ol ot
W4 0.0, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0 mg/L fY
Te b ffE TAEIR W . BB 2.5 mL A5 ofE T 4F % WM
FEMER T 1 em HL @I, fil A 0.4 mL 0.1 kg/L
SnClL, K, 15T, Z iR T BCE 15 min, DLZS U IR
S, M AE 410 nm P TR SRWOG EE, LR
JEHE YN AL bR, Te [t vk 5 A B AL b, 223 1l A
TAERZR, TR SRR G W Te & 4.

2 RIS

2.1 BHYREKE

LI IR, AR S BRI Y EE RSN
Pb. Bi. Te, 1 th W 7E 4 5 i b A9 S5 KW Fff 5 ok
3.0 g, Hort Te i1 5 KW B ik 60 pg. SC 56 1% H
3.0 g Te & &~ 20 pg/g () LBE ¥ A 4818 4 1
TR B S, SR Iy kR 1.2.1 15, B 9F 9 mol/L
HNO; % %18 H 4 Te MR BUSCR, 250 45 1
ST 1. W 1 Fiw, H 9 mol/L HNO; XJ A i i
T7¥ i, HNO; XT84 v Te 1932 BURCR > 99%.

1 9 mol/L HNO, X8 i v Te 7R Bk %
Table I Leaching efficiency of Te from distillate
with 9 mol/L HNO;

Fedgs  FemhTefBit/ng RIGR T Te i Bitt/ng  BIEE%

1 60 59.71 99.52
2 60 59.58 99.30
3 60 59.44 99.06

22 REBHFEREFSEXN Te M ER TFH
(1) 35 U R 24 o 8 1
AR R R/ E K SPURE o AN W P
LBE 75— & Bl W B 210 47l 46 A4 B 3R 1T . R4 )
=Y B, A% BB HNO, 7 i A B BOR L X
Te Y IE ™ A= P8 LA il AL 27 il 4R Te S 0],
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24 42 B R A B BF, B 9 mol/L HNO, 12 Btk i 1
W BRF (0 18 0, K AR E A IR O A 8 AR R 7
T, I 5B 50 KL 2% 19 HNO; ¥ TR E 45 2 10 mL,
FIF ICP-MS il 22 5 B Hh 2% o B8 & i, 45
T3 2,

w2 BRNOT AR T i

Table 2 Content of impurity ions in leaching solution

BT plmgLl™) BT plmgeL™) BT plmgeL™)
Pb* 23 Te* 5.4 Co* 0.02
7 19 Sit* 2.8 Ag" <0.001
Bi** 17 Ca? 1.7 Cr** <0.001
Fe¥* 9.7 Ce* 0.5 Cu* <0.001
Ni#* 8.5 Mg* 0.3 Mo®* <0.001
Zn* 7.2 Sn** 0.02

(2) 44 J 2 7 XF Te W 2 /9 T4k

ME2AHM, BRERPFEERTETAH
Pb*, Zr*", Bi**, Fe**, Ni**, Zn*, 7£ 3 mol/L HCI {&
Z o, B BOR P B P2 L PbCL JE R TTTE AR &,
X Te & JC T4, B 122 Th FEHEREE
B TR Te M€ 0 T4, e g Ros T 1. 43
W Zrt | Fedt. Ni¥*, Zn2 i & vk B 2 T 4 mg/L .
Bi**Ji 2 e B AIC T 2 mg/L 1, 76 1% 22 35 AN
Z 0T B TR 43 60 BE I H: Te AN 7= AR S ) B A
W BE 0 TH R, 2% S TR Te Ui P08 K, i
W B K =2 mg/L, N2 it K =4 mg/L
BF, A2 WO BT 5 3G 22 52 MR, Te Wl 22 {6 BE S5 B (8 i

1.7F
161

151

p(Te)/(mgeL™)

1.4

1.2

0 2 4 6 8§ 10 12 14 16 18
p (FHEETF)/(mgeL ™)

Fe*', A—Ni*, ¥
Bl 1 3 mol/L HCI & 5 iR BUR 2 i B Tk &
Xt Te I 5E 52 10

Fig. 1 Influence of impurity ion concentration

n Bi*', ¢ 7", 4——Zn*"

Te, o

on Te determination in 3 mol/L HCI system

s MW 2ot Zn? W B =4 mg/L A,
Te ¥ B2 I 5 {1 Lo S Bm (8L O 1K, L 2% BT 55 1 ok B K
15, R Te DU St (B 19 5% Wil R 5 XY Fe ot o vk 8 <
12 mg/L i, B F H B B 520, F: 30 Te e B &
1B L S B (B DI &5, 24 Fe® BT i WK > 12 mg/L B,
SnCl, 5K & v Fe¥ & A= Ak I8 J5t 5 B W IH #E 3
H Te i AN FE 47, Te M@ MEAK T 5CbRfE . I,
M2 WO £ Fp 400 F R AE AR, B4R
O3 6 R OB P Y Te SR 4700 &, BT A5 5
S5 B 5 PR AE AR B K 25, W e B 18 1
X2 OB HEAT 43 2 2l Ak, HEBR 2% T 25 1% Te il
H#H T,
2.3 BIEE B4 Te KM

(1) AR R o o0 82 A 255 o

B3 15 100 mL 100 mg/L 1) Te ¥ 1 T4 7%
W, FHEB PRI 1.0 g £ FA B8 TR g, &
N, B 20 5, 6Bk E bR
o Te & i, WA RS F R 3, AT
AR T 11 T 25 T R R 7

0= (po—p)V/m )

e O A AR AR A B 25 5, mg/gs po AW AR T
W Te B9 & W B, mg/L; p N FAT FE R p
Te 119 5T B W B, mg/Ls VRV AR AR, Ly m Sk Jir i
AR HE, go 45 R R W], A4 BEXT Te (14461 Fi 0K B
K20 6.2 mg/g.

3 W A R A

Table 3  Static saturation adsorption capacity test of resin

No. pl(mgeL™") Tl AR Tefih/ug FOFIE 25 B /(ugeg ™)

1 332 3849.21 6155.78
2 332 3 845.98
3 331 3837.54

(3844.22)

Ve B R T A

(2) B U R FE X ) B 1 B Te 114 5% 1)

AN TR] i B2 ¥ BOW T W4 S X6 Te 119 1 B &5 SR 7R
F 2, WK 2 B, Tet e HCLAE W 5 CIE Ik
e A% B 1 [TeCL,1* ", n {6 F BB T IE W CUH
WL, Y CUM MR B BRI, Te EZ L Te*" BB A7
TE, TR SR LA CUk A8 7 238 e, it A i
XF Te W% B 24185 Bl % 75 W2 5 3 K, CU S IR R
oY Te* A4 B [TeCl > L A7 BA 25+, 58 1/ I
B 28 40 VA R AT A2 48 W B, 5 R R R X Te 119
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B 2% s HCI Ve i 4k 22 T &5, W W A7 7 K i
(9 CL X A2 4 B g 1 400 ) A FH 2 7 38 o, 5 300
Te AW FFF 3 2080 T B o DRI Ik, 322 BBOIR TR 38 o) 4 g
W [t Tet A H 250, 24 HC1 ¥R FE /N T 4 mol/L
BF, A% BB X Te 1) R B 56 Bifi K 22 H HCL ¥k B2 (9 38 fin
M TF s 24 HCL ¥ B 4~ 5 mol/L i}, B i xf
Te Y B 58 =95%, 35 85 K 4 HCLHk B KT
5 mol/L B, B g %F Te i WL Bt B 6 T . Lo
PEFE 4 mol/L HCI 3= Bk

100
90 |
80
70 1
60

Tel f3/%

50
40 1

30 . \ \ \ )
1 2 3 4 5 6
¢(HCI)/(mol-L™")
2 RGBT HCL R 653 i W B Te (952 )
Fig. 2  Effect of HCI concentration in leach solution

on adsorption of Te by resin

(3) HCI ¥ J % Te ¥ JIE 26 1) 5 i)

2 il 3 3 2 mL/min, 43 51 %% B 10 mL ¥ J& 43
B2 0.0, 0.1, 0.2, 0.4, 0.5, 0.8, 1.0, 1.5, 2.0 mol/L
f) HCL I X W BFE AT Te #4603 R 2R A7 TR 0, S 56
ZEROR T 3, BEBURRAWAR)G, 2R 5 1 b
P85 790 DA 3% R R S 9 1, Te #6838 A LAY B S
R R W B, 35 R 3 ) R O R BE KR R Bl 1 Y Te
JBE o O S - 5 O Ao R T ey s P (S (2) ) Rk

[R-N(CH,);1, « [TeCly] —
2R-N(CH;);Cl + Te** +4CI~ (2)

Tek i %/%

0.0 0.5 1.0 1.5 2.0
¢ (HC1)/(mol-L™)

Bl 3 HCI ¥ EEXT Te YR 1Y 520

Fig. 3 Effect of HCI concentration on Te elution rate

R AR AR R TP i CLVe B 52 I ) 1 1] 34647, A
F Te ByVEML, P, BR FH ARV BE 19 HCL 5 W%
Te HEATVEME, HCL ¥R 5 > 0~ 1.0 mol/L B} X} Te Y
PEWE R =95%; HC1 ¥ J¥ > 1.0 mol/L i}, Ffi %
HCL ¥R B /9 T, CU b 348 P 4 =X 4 9 461 4 F A
W 384 58, S5 S BT 22 S, X Te B R G R PRI, 5K
0 6 6 P DR 40 7K A Ry VR B R X Te EAT M

(4) IR PR X Te Bk i 2 1Y 5 1

FEHL 10 mL 8 4l /K XF 0 3% A 1 A9 Te #E47 3k
JI, 45 A IS A 1.0, 2.0, 3.0, 4.0, 5.0 mL/min,
T AR T 40 vk R 50 Te VR 2E 1Y
HWRRERZ —, WBEHE /N T 3.0 mL/min B, B 5 X5
Te FTEMERTE 95% LA 5 Yk Pk % K T 3.0 mL/min,
Wi o AR o R 0 PR, R R X AR B Y Te R MG
ANFES, A1 Te BVEME R ANWT T FE . 276 % IBRE
VM 32, S50 6 PRI VR 38 % Oy 2.0 mL/min.
100
95
90 |

85t

TeVEME /%

80

75t

70 . . . . ,
0 1 2 3 4 5
WRPEHR/ (mLemin™)
B 4 R4 K I VE i ZE X Te 6 M 2R 152 1

Fig. 4 Effect of excess water washing rate on Te elusiveness

(5) bk i 2k

3 1 IR 6 K N 2.0 mL/min, F 8 4l 7K X 44 B
HEAT VR, A5 AE 1.0 mL VR BRI R — N RE
I B b rh Te & 0, 25l i 26, S0 96 45 R
FE S, WE s pras, Yk b i =10 £5#H R
PR RUR, YE B Te & 24 0, RIS 1 Wi Bt A4
Te 54 VEME . S2HG VE T 10 45 A FR A FR B9 Bk i 771
X A4 1 Te FEAT VRN, Te B PR KT 95%.

(6) 1 i of 5 B 2% B8 F R BRAIUR

L 4 mol/L HC1 g ¥ IR 55 0T, 44 i A 9 O ik
“h 2.0 mL/min, 8 457K S PR, R 717 5858 1
B 25 B e o 2.2 719 T DU R o 4 2 ) 45 3
14 158 0 0= O HE AT 43 8 4l Ak, A ICP-MS X
VR G AT 2 BRI, SE IS 25 A F AR 4.
L4 PR, BBGREHIRELIS, Hoh 245+ 2%, Fe*,
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257 0.40
035 »=0.044 34x+0.000 26
0.30
R 025}
%D 1.5 i
= ?i 0.20 +
e 1or T o015t
QU
0.10 |
051
0.05 +
0.0 . : : : : ) . . . . .
0 2 4 6 8 10 0 000 2 4 6 8 10
TR VR Te R RV / (mgeL ")
P 3 % 2.0 mL/min Kl 6 Te HyhRiE T 1FEIZ
&5 717 s B BSR4 IS ik 1k it £ Fig. 6 Standard operating curve for tellurium
Fig. 5 Washing curve of 717 strong basic anion resin
x5 KEEEIE
4 717 SR B R R R 2R RS R BR R Table 5 Precision experiment
Table 4 Remove rate of impurities ions used Tey/ =(Te)/ TR/
. . il p(Te) A e{ ) B /%
by 717 strong basic anion resin (mgeL™) (mgeL™) (mgeL™")
pl(mgeL™) 1 0.018, 0.019, 0.018, 0.0187 0.000 5 2.7
BT KR % 0.018,0.019,0.019
IEAE R AR ’ ’
2 2.532,2.528,2.463, 2.515 0.033 13
o
Te 34 53 19 2.476,2.544, 2.554
b 23 1.6 93.0 3 5.108, 4.948, 5.007, 5.017 0.050 1.0
Zr*t 19 0.1 99.5 5.038,4.979, 5.021
Bi** 17 0.2 98.8 4 7.501, 7.523, 7.544, 7.510 0.019 0.3
Fei* 97 27 722 7.489,7.511, 7.493
Zn* 8.4 1.3 84.5
Ni2* 72 1.2 83.3 (3) H Il e 5

N2, Zn* & B2 4 mg/L IR, Bi¥ & 1k E AL
T 2 mg/L, fif e T 2% T 2 F7F Te 7 & I & B B i
B 3 — )
24 HRAKEZENERE Te

(1) A v A il 2 KA )RR

Te W bR TAEIZs T 6. 018l 6 s,
16 Te R E 4 0.1~ 10.0 mg/L i, WG E 5
Te M Ji 5 BUFLMEOCR, LT 0 y=0.044 34x+
0.000 26, #H 5 R B 2=0.999 9. 7 H[F] &1 F %t 28
PV R S I RE 11 W, LA 3 A5 A o D 22 A 10 175
i o O 22 53 501 58 O At BRI R BR, O A
HFR R 0.07 mg/L, 5 7 R4 0.22 mg/L.

(2) J5 Bk 5

D52 25 PV T S =S AS T vk B8 1 Te W,
ITHE B L, S a Ry T3R5, ks alH,
6 U 7 A I 18 AH X5 A o D 25 (s,) SR 0.3%~2.7%,
T2 T A5 I R

LU 1.0 mL B HBORK 6 17, B HAF- 2450 A,
) Forfr—ZH oA Te A HE T, T 2L VR4 2 0
T AT Ay B Al AL A, SR S5 A TR 6.
2 6 TN, AR J7 0 S IR AE 96.0%~ 101.9%,
WL T AT E R

6 AR ISR Y

Table 6 Experimental results of labeling recovery

No. mye(Te)/pg my(Te)/pg myep(Te)/ug IR/ %
1 30.33 2.000 32.25 96.0

2 30.33 6.000 36.30 99.5

3 30.33 20.000 50.71 101.9

(4) 55 ICP-MS 73 #r J7 12 #4 LE X

W3 2 A [ 4 A 2% F T T A 0 L IR O
2R I o3 88 Al A A B RE 7, R ICP-MS Al
O3 66 E I 73 50 X B il 5 P B Te EAT I, 45
FURE AP Te & i A — R AL IR, ICP-MS 5 7p
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6 B T 4545 S TRk (3) HF AN 22 (S)
BB T A 7, 2T AT, BR T ok 45

. ICP-MSik Bl Te 5 1 — 0 YOO L il Te 5 1

FXHRZEH 0.9%~1.5%, 055150, 15 W A 5256
FRRFE 20 06 016 B8 v A5 (Y Te ¥ 2 (8 HERG ) 5E

% 100% 3

ICP-MS¥: il Te &5 1

®T ORGSR

Table 7 Determination of Te in sample

p(Te)/(mg-L™)

R S/%
V2wl NERES ICP-MS#%:
1 0.725 0.734 1.2
2 1.613 1.638 1.5
3 2.425 2.447 0.9
3 &

F Te B AR20Po, TF 5 T 45 5L A & 28 IR AED
BHOE  Pb> | Zr* | Bi**, Fe’*. Ni**, Zn*' 4% it &5
F o AR Te W& A T8, 046 T 717 smmai Pk
BF B 1 W) i 43 85 2l 4k Te 51, #2577 IR 43 85 -
G306 BE D A Te (943 B 5 1%, 45 B 4K 4518

(1) 4360 B A6 V3 BBV PP R it Te, P2
X Te W4 JC T4 5 Zr**, Fe’*| Ni**, Zn' i it ¥k
FE <4 mg/L. B it & Wk B AR T 2 mg/L B, XF Te
HAERZEWE NIN A T T Zet' . Zn? T i ik
JE =4 mg/L, Fe* i i W ¥ > 12 mg/L i}, Te Il %
{8 Hb S5 PR B A 15 Bi** /5T 1t ¥k B =2 mg/L. Ni*'Jit i
W BE =4 mg/L 5% Fe*'Jii & ¥k £ <12 mg/L i, Te ]
B A H S B A e 1= 5

(2) 717 5858k BT 85 ) i % Te 14 4R 1 WE Bi
K2R 6.2 mg/g; WRPER A 4 mol/L HCI, it #
2.0 mL/min, 10 {5 FE R B 88 46K YEBE, Te 1 1k
KT 95%;

(3)SnCl, i J5 Te**, 410 nm I K I & 1% % &,
7R A Te 19 43 60 BE I 4 Oy 1k, Atk R y=
0.044 34x+0.000 26, fH 3 R % 2=0.999 9, £ i [}
0.07 mg/L, & & R 0.22 mg/L, 5 A1 [ 5K 96.0%~
101.9%, X b7 o i 22 <2.7%(n=6) , 5 ICP-MS {il]
25 AR R 25 < 1.5%, I o T A U 2
e A 4 R IR ZE TR A Po T2 MR 2K .
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