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TiAP:. An Extractant for Extraction and Separation Actinide Elements

JIANG De-xiang, HE Hui, ZHU Wen-bin, LI Feng-feng, TANG Hong-bin
China Institute of Atomic Energy, P. O. Box 275(26), Beijing 102413, China

Abstract: Tri-isoamyl phosphate(TiAP or TAP) with tri-butyl phosphate(TBP) in physical
characters, extraction ability and radiation-resist stability were compared. The results show
that TiAP is a better extractant than TBP in physical properties, ability of extraction of
Np(IV) and Pu(lV), and radiation-resist stability. It shows that radiation stability of TiAP
is adequate for most of the process application, ability of extraction of Np(IV), Pu(lV),
UCV[) and Np( V) is good, and the extraction of fission product contaminants such as Zr,
Nb, Ru, Cs is almost negligible even at very high nitric acid concentrations in the aqueous
phase. TiAP may be an alternative extractant to TBP for extraction and separation of acti-
nide elements, which is especially suitable for systems containing high-level radioactivity
and/or high concentration plutonium. It is worthy of further exploration.
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Koo B0 i B A A U R R T IR
MER L8 G W) B B = A0 HLAT S OBE W, 52 0 A
Fiafr. 7350 TBP FE/KAH B i Ak . 5 TBP
Hefihey T Wb TR AL 258 TBP,
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BOAARH L2, A 20 fibad 80 4FAUE . BE R = 5+
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L5845 TBP AI{SL . H TIAP EA & 45 i 4 B4k ¢
PR S B ARE T . AR AR LR TIAP 15 TBP
A0 ) B T A OPE BE By R R RS S I L AT B E
TiAP J2 15 ] 7E 8 2 0 R B A P AU TBP.
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TiAP 5 TBP # BUFH| (1) 3 4% 47 B M i A

W, TIAP ZEH A& E T R IR 605 B IA
SR R T R RS RV IO T
F 1P T TIAP FI TBP By — 64 BEVE R,
F 1 a0, TiAP 9% BE/NTF TBP. TiAP % 5
KB 5 BE A 26 T K, X R W AT TiAP A 2 USRI A
JK VR 2 T SO B SR T A 43 . T el S
BRC1IIPT 0, TBP fE K s g B K. & A
B % TBP By 7K ARV WO E B B R el L& K .
TBP 2 . 5 A 1) DBP 2 i 5 5 24 48 7= ) &
A ULUE s & TBP 114 fiF R Bl 196 V5 Y, 8 i g 2 2 op
o R RN G AE 25 K Bl VBRI B 22 R T G
FHVR R B0 BRI U B 2515 i 1 TBP., T TiAP
TEZK i 5 i B2 A TBP L6 K i i i BE 7 1/
19. 5, 0] KKk TBP A R 24k,
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Table 1 Comparison of physical properties of TiAP with those of TBP
35 [P W it = TE 7K P iR BE
. M, o/ (g cm™?) (Flash point)/ (Boiling point)/  (Refractive index) (Solubility in water) /
(Extractant) o o 25
C C Mo (g« LY
TBP 266. 3 0.973 150 1610 1.4225 0. 39
TiAP 308 0.952 165 143~146% 1.427 5 0.02

1 (Notes) : 1) p=2. 0 kPa;
2) p=9.5%10% Pa
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2.1 ¥WMEE

TR R R AR e —E M LT
APPSR TR WS — e EH LS IR TE
I S A AUAR B SE = A0, 55 = AR A2 A
PG A B A W IE R 84T H Y AR, R 2 =
AR AR BE Jo 5 T RBA SR AZ I S AR . BT L AR HL
A AR BN S AR e 2 —, FRILES
W55 T 30% TBP/ Ml v PuCV) ek gk, Hp
Conae (P FRIRAEAAE = AR A1 B0 T A HLAE R B
KUEEE . +8H LA 30 % TBP/ B VE £ B st o 78 iR
JEE R[] B L T 1 e (POt B 2 386 KBS 1) 1
ZAH A . #E 26 C LR IR K A oo (HNOy) =
3. 65 mol/ L.y (Pu)=0. 182 mol/LL.=143. 5 g/L; #F
30 °C ¢, (HNOy)=3. 40 mol/ L, ¢, (Pw)=0. 272 mol/ L=
65.0 g/ L, FEFRFAREAE BT 7E 30 °C o, (HNO,) =
3.5 mol/L,30% TiAP/OK & #LAH # Pu Jii & %
FERRN 77 g/L AR B =4, B4R,.30% TiAP/
R R 22 v B I Je VR B 5 T 30 00 TBP /45 4

Z. HEEU &S W2l Th % Puif5e T TIiAP
AL 45 19 T3R8 2. B3 2 /A, TIAP
W Th AR K AZ I =M, H TiAP 1L
PuCIVO AN ThCIV) BATSEAUPE, H it TIAP 22 LR
1) 28 BL s 1 KT TBP. TiAP 35 T Pu gi{L1E 3R

%2 TiAP 5 TBP # 5 Th iy & & H 4™
Table 2 Comparison of Th extraction capacity

of TiAP with that of TBP™

p(Th) /(g - L)

R o caCHNOO/ ATRLE KR
(Extractant) (mol « L™!) (mol « L™!) (Organic (Aqueous
phase)  phase)

TBP 1. 09 4.75 361 49 =M
(Second
organic
phase)

TiAP 1.09 4.75 41.9 74 0.57

1) A 1. 09 mol/L TBP(5 4. 75 mol/ L {4 B2 V- )5 ) » i
5 A7 LA R4 3 B iF A HLAE P 9 Th ¥ S8 (Measuring concentra-
tion of Th in organic phase, after we added 1. 09 mol/L TBP(equilib-
rium with 4. 75 mol/L. HNO;) into organic phase at the point of elim-

ination of the second organic phase)
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Fig. 1 Variation of distribution ratio of nitric acid with equilibrium aqueous phase nitric acid concentration

for trialkyl phosphates in n-dodecane
T=303K;[]— TBP.H
ZE HUF) e B (Extractant concentration) »mol/L: (a)
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R, x5 TBP # B b ok 4% 2 B0 A R
TiAP % Np(IV) \PuCIV) F A BLBE J1 6 7 =5 F TBP,
Shukla £& 75 2 7 AH [F] (19 4516, 45 Fow T 3,
TIAP X} UCVD \Pu(IV) & — 26 FP [ 2 BT A A
Pull\) R FEATHH T3 35,

F3 ML T U Pufil—23 B ou £ AE TIAP
M td b, ZERRE N 2~7 mol/L I}, 0.2 mol/L
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Fig. 2 Distribution ratios of some actinide ions
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1—Np(I\),2—Pu(lV),3—UCVD),
4——Np(V[),5~——Np(V),6——PuClll)

e, L i 72 38 38 i T 184 0 . e BH B L Pr(TID i85
Cs(D AL L JLF- R LA Z W . 3X 2 AR 2 19 R
JER 4 U Pu Np 0 4& iR e R 2R 7T
Row., MaG R 3 EF S, UND W4 b 7E
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Fig. 3 Distribution of metal ions as a function
of aqueous phase nitric acid concentration™'"”?
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JICE LA R 1 A R A L TBP (g AHAL, T
TiAP %} UV \Np(IV) \PuCIV) i 2 By e He
#5Er T TBP. ifi H TiAP X4l 4R 1 2 B2 &
T+ TBP., H[A] TBP —#E 4% 8 JE 45 T, vl
PuCIV) M\ TIiAP R BK A,

#3 0.2 mol/L TIAP/IE -+ ke fE R BRI W h Xt UCVD (PuCIV) Fl—28 FP 2
Table 3 Liquid-liquid extraction of U(V]), Pu([V) and some fission products

by 0. 2 mol/L TiAP/dodecane from aqueous nitric acid solutions!'"?

c(HNO3)/ D

(mol « L1 Uucvh PuClV) Ce(Il Ru(?) CsCI) PrCIl Zr(I\) Nb(IV)
0.5 0.33 0.15 0.09 0. 32 0.08 0.13 Neg 0.01
1.0 0. 84 0.33 0. 05 0. 27 0. 04 0.11 0.05 0.03
2.0 1.78 0.51 0.03 0. 10 0. 06 Neg 0.05 0.01
3.2 3. 20 1. 50 0.02 0. 06 ND ND 0.07 0.01
4.3 4. 25 2. 15 0. 05 0. 04 ND ND 0.09 0. 10
5.1 1.59 3.15 0. 09 0.04 Neg Neg 0.15 0.20
6.1 4. 38 2.93 0. 04 0.03 ND ND 0.21 0. 28
7.1 3. 87 2.79 0. 04 0.03 0.01 0.02 0. 25 0. 29
8.0 3.29 2.61 0.01 0.01 Neg Neg 0.33 0.35

7 (Notes) : 1) t&~25C,V,:V,=1:1

2) Neg, 1] Z.1% (Negligible) (D<C0. 01) ; ND, AN & (Not determined) ; 7, %1 B %8 L & A £ (Oxidation state of Ru is uncertain)

%4 M 2mol/L HNO; F1
AR E TiAP ZEHL UCVD \PuClV)
Table 4 Liquid-liquid extraction of U(V]), Pu(lV)
from 2 mol/L aqueous nitric acid solutions into

dodecane as a function of TiAP concentration

c(TiAP)/ |9/ QD) Pu(IV)

(mol « L™1) D E/% D E/%
0.05 0.08 7.4 0. 04 3.9
0. 10 0.39 28.1 - -
0. 20 1.78 64. 0 0. 81 44. 8
0. 30 4. 34 81.3 1.95 66. 1
0. 40 8.18 89. 1 3. 67 78.6
0. 50 13.37 93.0 6.01 85.7
1. 10 28. 15 96. 6 22.79 95. 8

‘Hﬁ(Note) Ve Ve=1:1

3 ERTEMEMLR

FEXT BT 72 70 2 S HL 3875 7 iy kA 5 771 2 L
I 2252 BB 55 AN ZE Y o By SR A 4R IR A T . A
B — AR S, 5 R FL AL T8 B S i
P00 0T B8 22 L S A S R . BT DLL B TR —
T HE BUUR 2R 10 11 45 0 2002 T i L s R P

SCHRLS 3R W], 4l TIAP AR 7 4 4 AR S 32 0 1
BTGB A2 Ak, M ER IR AN T 50 kGy B 7 I
R R, BN A S . AR RS Y TIAP
FEREH UCVD B R & A FLALI S A5 HLAH 57K A fig
RPIYZ . BRMEE WG T v i BT B R = 57K
firt CTIAP) ZEHCEh (VD i PR RE 2 WA . 24 RSO o/
T 50 kGy W} BEFP IR FE 25 T ) DU FEA R B A
AR, WY TIAPTE I W 5571 o 318 BT P9 R & 26 B 1Y
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5 TIAP IR E K &
Fig. 4 Distribution ratios of U(V]), Pu(lY) from
2 mol/L. HNO; as a function of TiAP
concentration in organic phase

1—UOD , 2—Pu(l\)

# 5 TIAP/IE+ etk R d e # PullV)
Table 5 Back extraction(stripping) of Pu([V)
from loaded TiAP/dodecane phase

J £ 5] (Stripping agent) 4 Ji (Medium) D E/%
0. 35 mol/L HNO; 7K (Water) 0.35 74
0. 5 mol/L. HCI 7K (Water) 0.12 89
0.4 mol/L £ HF%H 0. 5 mol/L HNO; 0.09 92
(Hydroxylamine hydrochloric)
0. 03 mol/ L HL K Ifil fiz 0. 5 mol/L. HNO; 0.05 95
(Ascorbic acid)
1. 0 mol/L ELfi& (Oxalic acid) 0. 5 mol/L HNO; 0.18 85
2.0 mol/L Z g (Acetic acid) 0.5 mol/L HNO; 0.29 78
0.5 mol/L S SLEE T 2 0.5 mol/L HNO,  <0.01 =99
(Ferrous sulfamic)
0. 03 mol/L UCIV) 0.5 mol/L <C0.01 >99
HNO;-0. 1 mol/L B
(Hydrazine)

¥ (Notes) : ¢ (TiAP/1E | — %¢ ( Dodecane)) = 0. 2 mol/L;
Vo:V,=1:1

B AR s WOBGR R /N F 50 kGy B il W i 7]
AN, TIAP XF U VD {8 26 BUA3 e b 0 4H B
W, ©A W R, TBP %6 I8 4 i 50 5ok
1 kGy™*, & TiAP 19 f& B e et 0 8 8 T
TBP, FHMR VLSRRG TiAP %R %58 185 i & 6
R - T FH AR Uk S AT LA 2 R A B A o AR R
UCVD /52 Wi AR I N i 58 42 T8 BR 4 B 52
H AT DA, TIAP 48 fif 7= ) & 4 R M ™ 9, n
WL — 5 I TR B R — 5% 1g

TiAP X U (V) 1 % B4y i L 78 /R B o
5 mol/LE} ik ) e KAH L 3X — & 7E 58 It 5 IR A
K HE AR s IR JEE 454 F (=<3 mol/L) ,AD(AD=
Dy — Dagms ) 8K, BUEE BB X TiAP H) 25 40 fig
JIRE MR s 18 TR 2% F (=5 mol/L) . 43 it tr

FEARR R AASA . (B BERT S R B X TiAP ZEHL
U VD #y5% e e 34551 B A A 2 A8 Ak Ui B 4 i
WIZE UCVD B PERE R TiAP —FE, 20 B0 b 78 1%
1% B T bt 2 5 1% 1 0 T 14 A0 7E v R BE TS B R S
F14) 38 fin T ARG

LR S EE T X TIAP 2 U aE 17 46 AR
g 10° Gy WySes , JF 48 B ET S TiAP 4
S BRI Pu 2 CEE J) 928 Aok %5 58 TIAP 1
WRREN . HEMETE TIAP MZ000ME Bt
A LLE 32 2F RE AT W I 0 9 o7 B R 5 R I W)
BARE, XE5REESI MR A, 6 R
TR BEAT S TIAP /X 58 28 BURE g iy &2, ]
WA 58 B0 & o 10° Gy B 1E 00 N . 58 BT IS
TiAP/JE Il X ER 26 B3 e b2 A3/

Shukla %" @58 T v & B X 0.2 mol/L
TiAP/1E + = % M 2 mol/LL. HNO, # # H
UCVD \PuCND 520 255318 7R 7 . 3R 7 af
B A BEOR) E 0 3G 4R BR S TIAP (K R R
UCVD PuC VD ZEHURE I BB Z 38 m . AHAE W T
i 4 BE ) A5 0 R L TIAPHIR 2 i 25 BURE 1 G

F 6 =502 TiAP/ Sl 72 48 BRI X Pu AEICRE J1 1 5%
Table 6 Irradiation effect on Pu extraction ability

by ¢=50 % TiAP/kerosene

IR ) D(Pw
(Radiation cao(HT)/ i R H W
dose) / (mol « L™1) (Before (After
MGy irradiation) irradiation)
0.1 3.0 18.9 24.0
0.1 5.0 32.6 29.0

F 7 y-REEX TIAP/IE+ R ZER UGVD
PuCIV) [ 5 i
Table 7 Effect of y-radiation on the distribution ratio

of U(V]) and Pu(]V) from nitric acid solutions

i JE )

ucvD Pu(lV)

(Radiation
dose) /kGy D E/% D E/%
0.0 2.68 72.8 0. 82 45.1
12. 8 2.65 72.6 1.29 56. 4
25.6 2.62 72. 4 2. 50 71. 4
48.0 2.85 74.0 4.58 82.1
64.0 2.69 73.0 4. 98 83.2
80. 0 2.62 72.3 6. 70 87.0
98.0 2.79 73.7 6. 50 86.7
174. 6 2.76 73.3 7.29 87.9
227.6 2.97 74.8 8. 70 89.7

7 (Note) : cCHNO3) =2 mol/L, 0. 2 mol/L. TiAP/1E + — &
(Dodecane)
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WA KT TBP. AR =M. B 5 TR,

(3) TiAP HAH R M v 57 FH: 6 . 76 48 IR
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Wl @t T TBP,
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