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A Systematic Separation Procedure for Plutonium and Its Fission Products

Palladium, Silver, Cadmium, Tin, Antimony and Zirconium
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Abstract: In this work, a process of systematic separation for Pu and its fission products Pd,
Ag, Cd, Sn, Sb and Zr was established. Firstly, these elements in the solution of hydro-
chloric acid medium were divided into five groups on strong basic anion resin. Then the
target elements were separated and purified for each group. The method is simple, rapid and
can separate the above 7 elements from the solution of one target. The separation method
was verified by using irradiated uranium target. The results show that the chemical yields of
the separation process are more than 70% for the 6 fission products, and the decontamination
factors of the main interfering nuclides for the gamma spectrometry measurement are more
than 1. 0X10°. The separation process can meet the requirements of chemical separation for
fission yield measurement of valley nuclides from **’Pu fission.
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AR PR R 2 (TR BE) 5 R AR B A Y O
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JRFHCEFR N, ©5EaRE T ORI R
TR ELEE v AR TR S 2 R I e 2 AR 7R Y
Ko HAF BB v GBS TE H AR = AR PR AR 4
B T 2 5 B IR K ) AR R K B [
FLXH g B R e . DR e i i e p i KA R
(7= AR FH AR IS FU R A 36 . A X ' Pd,
" Ag " Cd " Sn TSI v B4R BE B L Bl A
e ARy AN R H T U AR
BLHEAT 4 B ANl AL DA R I K R HIAE X
T2 X% R P, T — NI R Ok B %
TR AR T Ze s Ze (0 7R BB G E
P32 Ze sl Zr LB A3 . TR fR o
P Put 4y B R AR TR 4 B B A B — A
MRl B AR BOR AT R 2 2 7 e L FF mICER . X
FLELSROGHER A R R B B A AT RGO B

XF T AR AR B B R A S R R Al Y
TEARZ . DUIEE RO B ek iyl
STELT AT B 3 B AR AT R G s I S A
XF45/0 . Mathews ™ il HCL-BH 85 738 e g 53 15
T LTSI Y TR A A P R . b
F 7 mol/ L S BRHE I 7 it D 0 i IR 40 4 4
2 4 i HC-F & 58 k. S8 5 7 mol/L
EHhER-0. 1 mol/L ML E MWL ER; FH 1 mol/L A IR-
0.1 mol/L #h & fift Wt %5 s T AR i 1) A B2 A R 4%
ST AR A AR o B il e R e A i SR T
e a1 (e [ N N o = AN | I e
B BH B B R AR AR ANAR SR AR PR OC R L I )
BT E T 3 MeV 375 0 UL AR 7 45 1)
SEH . R R AR U4 B AR R R
R A IRV A 2 T - AL B R A T A T 243 B

A ARSI 65 40 AR VB B B A 1 Ak
PP S S — TG 6B S R TR AT 2% T Y
IR W SEEN — AN BRI AR PO e AT o
B, MR AR AS XK Pd, M Ag. " Cd,
120 ST S AR I AR — R 4 ) TR E
14 3 5 Al Ak 0 vk

1 LGy

1.1 RF5E
HZ201 FHE 73S ig itz 0. 125~0. 210 mm,

HEIEA ) N256 BB 5 2 i i . RiA 0. 074 ~
0. 105 mm, 3t 5t R0 55 BV RHE A FR A 7] 5001 X7
SRR P B - 2 e g, Ri AR 0. 125~0. 177 mm,
IE A Wl o % B 5/S10,-P, kL 42 0.074 ~
0.149 mm, A 525 % [ 2 WA R BV-II L ¥
R BV-1I1 . 2 /K BV-1II, b 52 4k 2% 38 77 0F 58
JiIT s #2 (GSB04-1743-2004) (4 (GBW (E)082781-1) |
5 (GBW (E) 082822-1) ., 5 (BW30009-1000-C-50) ,
B (BW30017-1000-NC-50) 1 55 (GBW (E) 080359)
PRUEV W b 5t 35 S5 R B A IR A | 7 PuoR
EEA L LG BE 11X 10" Bg/g.4 mol/L B4 51 .
[ 5 BB B 2 OF 9T B B AL R AR 9 A
99. 999 % , b st i BB A IR A e fh 2k
T34 Ay ] 245 B DAL A 27 3R A R ) 7 s R 8
Vo [EE A

Tri-Carb 3170 TR/SL B A IS VR IN 5543 . 32
PerkinElmer A ] ,0~292 keV X [8] #4454k
4 10 min~ ' ;BE3830 %8 g8 HPGe v #5025 . BE
AP HER 1. 8 keV A% 300, CANBERRA 22
) s X Series [I 7Y JBAH & 45 B 1 1K JT 35 {3 (ICP-
MS), 2 [E Thermo Fisher Scientific 23]
1.2 LIWHE

(1) ¥R B B30 Vs YA 174 . 1

SR OB T 1% o T ST R s o R i 3k R
BR L AR T TR IS B B B R R VTR B
JaMBEZR 7.5 mol/L FHRA i,

(2) 43P € 2

b T LN N N R
10 mLAY U5 . 78 BE3830 % 55 it HPGe v #£3
a5 em A EM . EZAHHPA T Ag P Cd,
Sn TS 1 Zr Xt Ry S 4R 88,342,336,
1 067.473.724 keV B i) TR, HitA L
T AR B B R I Al R
R HL RS A 55 25 IR BT (ICP-MS) , 44 14 8] 1
R B R FH N 3 A

2 FRMITR

2.1 ANBERENEL

£ 6.0 mol/L DL E#h PRV b 4R 4 V5 R
B A A 4 SR A R P B R iR A
W B T BR L B A T B RS A B AR TR
W 2288 7 Wy A s D RS 0 9 AR R 0 B
Fo TE/NT 2.5 mol/L SRR A BT T - MU Hr B4 7E 1
B0 ) 5 A R b A R R T R R R R R
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JIT LA AT AV v R B s 0 DA i B M B 25 49 g I
IR K . VRER TR A T 5 405 R0 A 5 A M 9 8
TG 0 Tl Z BN AT e R R R A R R
[Fi) B DA 5 B P B85 - g b R ok, RS
Ivi i 52 710 o 3 ) e A 50 R A+ DT S 300 P — AR 5
P BH B 1 B A X AR B 6 Fh AR PR A AR
BB BRI T ALY B

F TR T R 40 A AT RO
PR B AP A . WIERA 5.0 mL
8.7 mol/L LR i /b 1 1 = 4l 48 T L AR R A
5.0 mL 7.5 mol/L #h MRV W . 1% i /b £ e g iR
J& s AEZR TN BE 100 °C B3R Fm#4 20 min, 1%
HJE i m A8 Pudg /m 71 (5 Pu 644. 5 B) L 8k

Ja b HZ201 B8 1 S8 e i g AT (43 mm, £ 1A TR
V.=1.0 mL), ] 5.0 mL 7.5 mol/L ¥h 8 %,
FEHIS. 0 mL 1.0 mol/L $h MR M ' Pu, £ W IN
D6 A P % 2 Pu 644, 4 Ba, W% 7 AT
BRI R P Pudr B
PRI E 448 96 . 1 5.0 mL 8. 7 mol/L
MM RIGIMA 5.0 mL IR G #HMEE K. M
TR A R 5 AE SRR 100 °C B iR o
#1420 min, WEIG [ HZ201 BB F 52 e daf g 4
(3 mm,V.=1.0 mL), %R )5 /0 W F* H 5.0 mL
7.5 mol/L £ 18 .8.0 mL 1.0 mol/L ;& ik ¥t
AW ER R 8. 0 mol/L fi§fZ . 0. 5 mol/L & /K fifi
WLER ARG VB B, SCIRAE RS TR 1M 1.2,

1 HZ201 BA B 5 He B AL L 40 0 48 14 % 1l
Table 1 Desorption of Pd and Cd from HZ201 anion exchange column

Ve £ 1 AR/ pg AL P g = Y/ %
No.
i I PR/ m Pd cd Pd cd Pd cd
1 30. 0 40. 3 10.5 38.5 37.9 95.5 93.5
2 30. 0 10. 8 40. 7 0.5 40. 4 99. 3 99. 3
» UL E Sz g5 AT LA . R A 8.0 mL
20} 1. 0 mol/ &L, 30. 0 mL #¢£h g, 15. 0 mL 8.0 mol/L
ER 8.0 mol/L HNO.f# % 42, 15. 0 mL 0.5 mol/L & /K o] SZ B4R , 4 .4 »
Sl B UL A . R 5 2 L 4 4L B O
" BORT I 3. B4y B VAR AT 3B G 5 B A I
FER AR ERAE B fE B 1 S DU G816 4 B 15 T A
0 5 10 15 20 25 I H e % H 89 W58 A & A ALY A A 5T s
i R R B/ mL 1 7L W
" AL SR .
B 1 B h 2k
Fig.1 Desorption curve of Sn
R L I AR -
20r 5.0 mL 7.5 mol/Lh /& }’
jan
8.0 mL 1.0 mol/L#hFR %P N
o0 0.5 mol/ L& /K fift W 30.0 mLy £ 2 fi W PdFICd | B
= i ) PdFICd
2 1.0 5.0 mL 1.0 mol/ Lk & #k ¥t ?;
s 0.5k 15.0 mL 8.0 mol/LAl & fi# W Sn % E
3.0 mL& & Fokkve | MR
00 1 1 1 1 J
0 5 10 15 20 25 15.0 mL 0.5 mol/LZ /K iM% Sb
file W AR/ mL — Sb

B2 B I A il 2k

Fig. 2 Desorption curve of Sh

B3 4oy e Kl

Fig. 3 Flow chart of group separation
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(1) 5B Angh i 4tk

AL B oy B AR VB AL h s R AR
K2 K UTVERT 43 5 8 AR 25+ T8 BUAR B &5+ 17
TEV WP i ) SR A S R B A AL
FRUTTE B 1

T2 4 B AR CES RAR H im AL 5.0 mL ¥k
iSHR (B 1k 76 & P TE iR b8 . 8 R B iE T
M LB TR AR08, IFHELZ 0.5 mol/L
KA BT 0. EIEW PR 001 HE ¥

K FH A JBEAT 24k . 4 AR B At R, AR
A0 B ali Ak T RE X AR A Y [mLISCR 43 00 R T4 %
F76%,

(2) H AR ) 2k

N 41 3 15 A A RN T MR AR 0. 1 mol/ L
TE IR AT BT I 25 R B AE N256 R AR E A W Bt i
L B0 PR R IR e WO A AT i AL R 5 1Y
I3 e . B R 001 PR B A Ok 48 R0 i 4T 4l
b, it — 2 KRR SR AR . A A
A3 i X 4 R 4 T S 4y i) Sk 78040 R 8500,

Haifh ., VTIEF A4S A 0.5 mol/L i ERIAE S » 5O AR B 24 R
0.5 mol/LEK A FiAg Olg?;]l 0.5 mol/LAHIR /i Zr
& i
I 4.0 mL 0.5 mol/Litmaiky| K
6.0mLEE AWM | M m o mo L I
Hﬁ ¢3 mm
HE 10.0 mL 10.0 mol /LR Zr | 0.5 mL
10.0 mL 2.0 mol/Li i Ag[?> ™™ 7r
1.0 mL Ag
N
() -,

&4 RN Al Al AR
Fig. 4 Purification process for Ag and Zr

Ne——1
N -
0.1 mol/ LA 4 JiiPdFlICd N256 —> J%0.5 mol/LEUKA R | 001
HEHES VK ) I%%*T } Cd 2.0 L:~4‘T,A Vhk BH%?
4.5 mL 0.1 mol/ LA kM B 5 b —> -0 mL 2B 7K UL K B
4.5 mL 5.0 mol/LESMRMVE |¢6 mm 10.0 mL 2.0 mol/LASEfECd |¢3 mm l:|
] 1.5mL 1.0 mL Cd
30.0 mLy #h R fif ThPd —'I:I
Pd
> C D
4k 55%0.5 mol /L& KA Ji 001
2.0 mL % & 7Kk e | P& T
i IR B
10.0 mL 2.0 mol/LESFRME | 53 mm
10.0 mL 3.0 mol/LEh @ fingpd |10 ML -

& 5
Fig. 5

(3) Bhaife

Hor B AR BURAE WA Z AR A 1 mol/L
TR VE LB T A AE B AL PR S A
FHSZ MR Sty y 0 PRI R 20 20 4 B T B
PEATE— 2P Al . o % B A i 0 — T BE X AR 4
RUAE IR 45 5 0] 6 PR PR AR A REE MR VR JEE O R 1R
TR ERAY B 5 A IR . IR o2 B 7

L0 5% 18 A U

Purification process for Pd and Cd

Jig €6 J2 R Xk 40 A7 a4l L B2 i X SRS K 9E T
Bl 6 R R W E XS o % B A i A (84 mm, V. =
0.4 mL) 3 &5 8 FFH 09 52 Wi 2545 8 19 1] e R %
XHAR A 2595 . 264 0. 5 mol/L $h MR i - 7E o % &
Al )24 Eaife .

B 20 8 B B 4 00 HE ALK 0.5 mol/L 3
BRI 3L IR o B G R DL AT A AL, A 01
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5 2l AL TR B 1 IR 7700

100 400
75¢ 300
<
X =)
= N
& 50r 200 &
N 58
N
251 100
0 0
0.0 0.3 0.6 0.9

c(HCI)/(mol = L)
K6 RN o X BFN
R 43 85 55 AR 1452 1)
Fig. 6 Effect of hydrochloric concentration
on separation of Sn and Mo

by a-benzoin oxime resin

2.3 EHESBRE

MG DL B R TR 45 0L 45 B e L8 7= g 4
BLER VB VBEVES R L B AR R

(D) 45055

O M40 R H B BB TR A R
LR 8.0 mg/L. A Bl 7.5 mol/L
R @ MM A 5.0 mL 8. 7 mol/L LRV
AR HS O AR M P nA 5.0 mL
TRA AR B 0. 8 mL W AY AR . 100 “C L #Audi
I 20 min, {12 2 6] 43 3 A2 45747 (R 48 SCik[13 ],
BE A5 T T SRR 28 3 T4 s @ K TRV
W HZ201 B BEAE (83 mm, V. =1.0 mL);
© 5.0 mL 7.5 mol/L #h R VEH 5 LAt ik ik
e — B A A 1, FE SRR
8.0 mL 1.0 mol/L k& i W 48, 1E 4 43 2,
FERRT @ 30. 0 mL vk +h B2 g WAL A G 1E R
4153 3, TR AMIE I ; ® 5.0 mL 1. 0 mol/L #hR
WhPE; @ 15.0 mL 8.0 mol/L fily & M e 55 . 1 Ky 4
A7 4B 3.0 mL& B F K 5 15. 0 mL
0.5 mol/L /K M8 AE AL 3 5, BRI -

(2) 4ifk

BRI (A B4y 8 S alifh : © K4l oy B
o 1 — WA R =iE T, 38 FKE
it AWM S K W E 0.5 mol/L 4 KA . Bl s
@ L 001 BHEFREH: (3 mm,V.=1.0 mL),
6.0 mL 25 F 7Kk ¥E,10. 0 mL 2. 0 mol/L iz
AR 5D BTTEH] 0.5 mol/ L R R VA ViR b hik
JEFE (3 mm,V,=0.5 mL),4.0 mL 0.5 mol/L

B BRIk PE 5 10. 0 mL 10. 0 mol/ L fif§ & fiff W45

R 1 A 43 1 Je atiAb . D B 4oy B
TN W AR 0. 1 mol /L iR it , I N256
HHIEHR: (66 mm,V.=1.5 mL),4.5 mL 0.1 mol/L
S TRk R4 (5 A O B S 7 — S S A A
43 ,4.5 mL 5.0 mol/L FHEEIH L, 30. 0 mL #eh
T2 fif WA 5 @ SR ZH 43 P m A 0. 1 mL 3. 0 mol/L
SALEA I P E UK IH 2 0.5 mol/L &k A it |k
001 FHE F-HISHE (43 mm,V.=1.0 mL),2.0 mL 2
B F/KIPE . 10. 0 mL 2. 0 mol/ L fif§ B2 fift e 5% s @ K¢
WRER TR A EE ALK 0. 5 mol/ L 27K A, | 001
BH 85 F R BEFE (43 mm,V, =1.0 mL),2. 0 mL £ g+
FKEBE L 10. 0 mL 2. 0 mol/ LA B ik %, 10. 0 mL
3. 0 mol/ L&k R fif W 40,

Baife . FHEW (A2 OFMA 5. 0 mL ¥
R, 110 CFEAZEIET,H 5.0 mL 0.5 mol/L
ERR VW L o % B G IS AR (44 mm,
V.=0.4 mL),5.0 mL 0.5 mol/L $h Bk vk (5
AR R CRTE R R D .

BB AL K B B R R Bk
T, 1. 0 mol/L R i .

2.4 SERENRIE

AT B i o B R 2 = W, Sl
P I A PRME L Ay b R RS RLR R R 56 TIE 3T
X Puly MY FE . FRIEL 0.123 g S 4R &
100 mL R, i A 5.0 mL 8. 7 mol/L Eh R &
fift SRIG A 5.0 mL 1B A 2K W . &
WA R J5 75 2 T I EE S 100 °C HE B B i AR
20 min, ¥HIG. A 353.8 Bq * Pt R, AW
I HZ201 BHE T2 M R HE (63 mm, V. =1.0 mL),
5.0 mL 7.5 mol/L WL .8. 0 mL 1. 0 mol/L
EhR il W Pu. iR W & W IN I B P Pu
353. 6 Bq, BIXF* Pulfy M1t 3 2y 100 %%,

L Rl A o BB BT e R 4
afifl . RAIAE LRI 211. 8 pg * U, %3 &
GiERTE b AELAMT T SRR B T A
YL T IEVG LK b SN HE L R G R IR 1 b
WA 1 d J5 I Ay S B o R 240 A B 2 Y
BT 100 mL A H LA 5.0 mL 8.7 mol/L
BRIV RIS 5.0 mL TR & 8K m . T
T/ 5 A R A 2 TR FE Ry 100 °C HL #Ol 1
20 min, 4% BHERF 0 BT . B
W& = i E e e m A 5 508 (S5 Sk AR
7 cm) Wi I AR 7R A A R DL R D
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5 B AH N A% S BE L B R 205 T R R
SR E L A E SAR RE F ICP-MS il & b H bR

R 2 Iy R A A mf R

Table 2 Chemical recovery rate of separation process

JCER AR N A A& 7 R H AR T R 1 T S MAR/pg B pe B/ Y
pid D 1) /1N | B e T S - 40.0 31.0 77.5
RIIAF 2 ME 3, NE2.R3ILIMATEL . i 10.0 30. 0 75.0
S VTR B 50 B B 0 12 . " " .
BIRF 70%, A X T H HPGe v M &M ZE “ oo - s
EHEHFRF L0X10°, 0 2 A/ X %R Pd,
- - oy § “ B 40. 0 28. 4 71.0
A Cd L SnA T S 2 AR A I B % A A
9 s 40.0 31.5 78.8
Iy B ER . "
#3 SERENFEEEZNEEHETF
Table 3 Decontamination factors of separation process for main nuclides
R L R 7 By 7 B 7 57
13 Ce >1.79X106 >1.53X106 >1.53X10° >>8.56X10° =>9.61x10* =>2.70X10°
1] >5.17X10° =>4.37X10° =>6.52X10* 3. 48X 108 1. 27 X10° >7.39X10*
T Nd >6.28X10* >4.50X10* >1.85X10* >1.77X10* >3.38X10°3 =4.76X103
M Ce =>2.67X10° =>1.51X10° >1.96X10" >6.43X10* >1.15X10* >3.11X10*
10 Ba =>2.78X10° 5.05X10° =>1.30X10° =6.43X 10" >1.26X10* =>2.05X10*
195 Rh 1. 44 X 10* 8. 74X10° 2.13X10* 1. 36 X10° 3.96X10° >1.96X10°
M0La =>4.,92X106 7.07X10°% =>3.59X106 3.53X10° 1. 48X 10° =>2.97X108
131 Tem =>2.67X10° >1.45X10° =9.86X10* >1.43X10° 9.13X10°% =>8.28X10*
1Sy =>4.53X10* >1.06X106 >1.87X10° 1.22X10° >1.18X10° =>6.89X10°
93y >1.82X10° >1.67X10° >1.82X10* =>6.57X10* >1.02X10* =>2.78X10*
137Cs =>6.91X10° 3. 70X 10? =>3.08X10° >1.62X10° =>2.75X10* =>4.28X10°
JEORE S AR AR L BB VAR 4 [T . 4 B kA, 2001,
3 % it

A TTAEH ST TR R VSR AR B B L B
B AL HZ201 E Ao B AR SR A 1Y
FH L3 2 A Al Ak . S804 1 RH 20 8 S 44k B 1Y
A7 o T ST A G R Al A U R R A R L HL
WEGL T SRR 25 A . B B AR T S BLER
4 R 5 [0S X A LR LR LB B R R ) A 2 T i
BRTF 7000 % FE T HPGe U & 1% K L 15
P RT 10X 107, BEME 2 47 X B & ' Pd.
A M CdL P SnA TSy R BRI R R AL 2
IrESHYEOR
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29(6) :653-656.

[2] Flynn K. Radiochemical procedures and techniques,
ANL-75-24[R]. US. Argonne National Laboratory,
1975.

(3] WAWER. SLUUVE T 88wy 56 A JEL T IR A e 135 vk
FEKHUR A AR L], B KT 56« Ak 2% 43 M. 2009,
45.1080-1082.

[4] Lee S H, Jung C H, ShonJ S, et al. Separation of
palladium from a simulated radioactive liquid waste
by precipitation using ascorbic acid[J]. Sep Sci
Technol, 2000, 35(3): 411-420.

[5] Hasegawa Y, Kobayashi I, Yoshimoto S. Extrac-
tion of palladium (][ ) and platinum (V) as chloro-
complex acids into basic organic solvents[J]. Solv

Extr Ton Exch, 1991, 9(5): 759-768.



5630

RAIRAE L R S UL A R VR B B R R S s T ik

543

(6]

7]

[8]

(9]

[10]

Shimojo K, Goto M. Solvent extraction and strip-
ping of silver ions in room-temperature ionic liquids
containing calixarenes[ J]. Anal Chem, 2004, 76
5039-5044.

Rizvi G H, Mathur J N, Murali M S, et al. Recov-
ery of fission product palladium from acidic high
level waste solutions[ J]. Sep Sci Technol, 1996, 31
(13) . 1805-1816.

Pappas A C, Wiles D R. New short-lived isotopes
of tin found in fission[J]. J Inorg Nucl Chem,
1956, 2(1): 69-78.

Kraus K A, Nelson F. Anion exchange studies of
the fission products[ C]// Proc Intern Conf Peaceful
Use Atomic Energy: Vol 7. Geneva: UN, 1955;
113-125.

Kraus K A, Michelson E C, Nelson F. Adsorption of

negatively charged complexes by cation exchanges[]J].

[11]

(12]

[13]

(14]

[15]

J Amer Chem Soc, 1959, 81(13): 3204-3207.
Riveros P A, Cooper W C. The extraction of silver
from cyanide solutions with ion exchange resins[ ] ].
Solv Extr Ion Exch. 1985, 3(3): 357-375.
Mathews C K. Fission yields in the symmetric
region; yields of the stable isotopes of tin and cad-
mium in the thermal neutron fission of **U and
29 PulJ]. Phys Review C, 1977, 15(1): 344-351.
TR R IR R SFL Bl L S B R )
Horw [J] R T Re AL = H AR, 1984, 18 (4) : 434-
440,

TR B 20 T TR 43 i R ORE I ) T 1k B R
RSy B PEREDE T LD, db o . op R T R R 5T
Bz .2014.,

TRFAE B IR LD . il S B S AR R Y ST R AE
HCLE-B B 32 #e W ig 14 3 v i 23 IC 3 B0l [ .
JRFREFRF 45 AR .1990,24(2) . 67-68.





