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Abstract N，N，N’N’．tetrabutyladipicamide(TBAA)has been synthesized，and applied to 

the extraction of U(VI)and Th(IV)from nitric acid solutions、in a diluent composed of 0．50 

volume fraction 1，2，4-trimethy1 benzene(TMB)and 0．50 volume fraction kerosene(0K)．The 
effects of the aqueous nitric acid c0ncentrati0n．extractant c0ncentrati0n．salting．out agent 

fLiN03 1 and temperature on extraction ability of TBAA for U(VI)and Th(IV)have been 

studied．Back extraction of U(VI)and Th(IV)from organic phases were performed by dilute 
nitric acid． The compositions of extracted complexes，equilibrium constants and enthalpies 

of extraction reactions have also been estimated．The IR spectra of extraction of U(VI1 and 

Thf IV)have been studied． 
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1 Introduction 

Numerous multisubstituted alkyl diamidas 

have been reported to be powerful extractants 

for a host of tri， tetra and hexavalent ac． 

tinides since Siddall suggested the substituted 

alkylamide o,8 a promising extractant for ac． 

tinides and lanthanides in the early 1960’s【1 41． 

The diarnides have affl excellent extracting abil． 

ity for the actinides such as Am(III)，Pu(IV) 

and U(VI)from highly acidic waste solutions， 
particularly for decontaminating high level ra- 

dioactive wastes[2 31
． These compounds con． 

rain strongly polar C=O groups．Their chelat- 

ing ability for metallic cations is simi lar to that 

for the extractants containing phosphorus．The 

compounds containing no phosphorus atoms are 

important．they do not produce new solid waste 

because of being completely incinerable． The 

nuclear fue1． 

W e have synthesized and studied ten kinds 

of N，N，N’，N'-tetraalkyl diamides in our prelim- 

inary study[引
，
one am ong them is N，N，N’，N’． 

tetrabutyladipicamide(TBAA)． 

(C4Hg)2N—CO一(6H2)4一CO—N(C4H9)2(1) 

In this paper the effects of the con． 

centrations of HNO3，TBAA and salting．out 

agent(LiNO3)as well as the extraction tern． 
perature on the extracting ability of TBAA for 

U(VI1 and Th(IV1 are tested，and the back ex． 
traction is also studied in the dilute nitric acid 

medium ．The results show that TBAA is a bet． 

ter extractant for the extraction of UfVI1 and 

Th(IV1 from nitric acid medium than TBP． 

2 Experim ental 

radiolytic and hydrolytic degradation products 2．1 Preparation of extractant 

(such as carboxylic acids and amines)are not 
harmful to the process． They are considered 

as potential extractan ts for the reprocessing of 

TBAA caJl be obtained by the reaction of 

di-n-·butylamine with adipic chloride in m ethy-- 

1ene chloride medium．【5】 

(c2H4COC1)2+2NH(C4H9)2 c (c2H4CO—N(C4H9)2)2 
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After alkali and acid washing．TBAA was 

purified by distillation under vacuum ．The final 

distilled TBAA was checked by element anal- 

ysis．IR spectrometry and NM R spectrometry． 

The purity of the product was higher than 98％． 

2．2 Procedure and apparatus 

Containing a certain amount of UfVI1 or 

Th(IV1 and HN03，0．5 of the aqueous so- 
lution was shaken for 10min with 1ml of the 

organic phase contain ing a given concentra- 

tion of TBAA，which was preequmbrated with 

a suitable nitric acid solution． The diluent 

was composed of 0．50 volume fraction 1．2．4- 

equal volume of dilute nitric acid for about 

10min． 

Ill spectra were recorded with a Nicolet 

FT spectrometer using KBr window cells．Sig— 

nals of 96 scans at a resolution of 4 cm一1 were 

averaged before Fourier transformation，the Ill 

spectra covered the range of 400~4000 cm一 ． 

3 Results and discussion 

3．1 Effect of HN O3 concentration 

It can be seen from Fig．1 that the distri- 

bution coefficient of U(VI)increases with the 
increase in the concentration of HNO3 until 

trimethyl benzene(TMB1 and 0．50 volume frac— a maximum which is due to the competition 
tion kerosene(OK1．Samples of both phases 
were analyzed immediately after the phase sep— 

aration． 

The concentration of U VI1 was deter— 

mined by the arsenazo-III spectrophotometric 

method，but Th(IV)by chl0r0ph0sph0naz0一mA 
spectrophotometric method，then the distribu— 

tion coemcients of U(VI1 and Th(IV1 were cal— 
culated． 

For the back extraction，the organic phase 

containing certain amount of U(VI)and Th(IV) 
was prepared，and then was shaken with an 

of U(VI)and HNO3 for the coordination sites 
0f TBAA．and the distribution coemcient of 

Th(IV1 always ihcreases in the region of the 
study．1lesults in Table 1 indicate that a better 

U—Th separation could be reached for TBAA as 

the extraction is carried out at m edium acidity 

(for instance，1-2 mol／L HNO3)，and also indi— 
cate that a better c0extracti0n between U fVI1 

and Th(IV)could be obtained when the HN03 
c0ncentrati0n surpasses 4 mol／L．The extrac— 
tion data show that TBAA is better for the 

extraction of U(VI1 and Th(IV1 than TBP[51． 

Table 1 The separation factors (=Du／VTh)at different[HNOa] q 

3．2 E ct of extractant concentration 

As shown in Fig．2，the plots of lgD vs lg 

ITBAA1 are linear with slopes of 1．0 and 0．91 

for U(VI)and Th(IV)，respectively．These val_ 
ues indicate that the compositions of extracted 

species are U0 十．TBAA and Th4+．TBAA
．  

From the data，the extraction constants are also 

calculated to be 3．33 and 0．0528．for U(VI1 and 
Th(IV1，respectively． 

3．3 IR spectra of extraction of U(VI)and 
Th(IV 

In order to gain insight into the structure 

of complexes of U(VI1 and Th(IV1 with TBAA． 
we meas ured the Ill spectra of saturated ex- 

traction of U(VI)and Th(IV)．The free C=O 
stretching vibration is at 1640 cm一1

． W hen 

the concentration of U(VI1 or Th(IV1 in organic 
phase is equal to the c0ncentrati0n 0f TBAA

． 

the free C=0 stretching vibration would van— 

ish and the new bands would appear．The co— 

ordination bands of UfVI1 with TBAA were 

at 1602，1574 cm一 ；the coordination bands of 

Th(IV1 with TBAA were at 1616．1588 cm_。． 
These features suggest that TBAA are biden— 

tate ligands in the extracted complexes． 

3．4 Tem perature e ct 

It can be seen from Fig．3 that D values 

decrease with the increase in temperature for 

the extraction reactions of UfVI1 and Th(IV1． 
This implies that the extraction reactions of 

U(VI)and Th(IV1 are exothermic．It is similar 
t0 TBP．16J The relationship of lgD to 1／ is a 

straightline．According to the thermodynamic 

equation 

『 OlgD 1 I— — 『=—— [O(I／T)J p H 
2．303 
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the enthalpies of extraction reactions of U(V1) 
and Th(IV)can be calculated 
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Fig．1 Distribution coefficients of U(VI1 and 
Th(IV)as a function of aqueous HNO3 

concentration at 25。C： 

[U(VI)】=[Th(IV)】=5．0x 10_。mol／L， 

[TBAA】=0．5 rnol／L 
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Fig．3 Distribution coefficients of u(vI)and 

Th(IV)as a function of temperature 
[U(VI)】=[Th(IV)】=5．0×10_。mol／L， 

[TBAA]=0．5 mol／L，[HNO3】=3 mol／L 

3．5 Effect of salting—out agent 

It can be seen from Figs．4，5 that the 

salting—out agent was much beneficial to extrac．． 

tion of u(vI)and Th(IV)in the same HN03 

100 

10 

0．1 

△坼 h +=一15．89 kJ／mol (5) 

ITBAA]／mol·L’ 

． Fig．2 Distribution coefficients of u(VI)and 

Tit(IV)as a function of TBAA concentration at 
25。C 

[u(vi)】=[Th(IV)】= 5．ox 10一。mol／L 

[HNO3]=3mol／L 

100 

l0 

[LiNO3]／tool·L— 

Fig．4 Distribution coefficients of u(VI)a．S a 
function of LiNO3 concentration at 25。C 

[U(VI)】=5．Ox 10一 mol／L，[TBAA]=0．5 mol／L， 

[HNO3]=0．01 mol／L 

concentration system ． The salting—out agent 

(LiN03)with high water binding capacity will 
cause U(VI)and Th(IV)to be less hydrated and 
will render the aqueous solution more deficient 
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in free water．This is why 

may modify the extraction 

with the aid of TBAA． 

3．8 Back—extraction 

the salting—out agent suggest that the 1：2：1 complex u(vi)or 1：4：1 
of u(vi)and Th(IV) 

The back extraction results of u(vi)and 
Th(IV1 with 0．01 mol／L and 0．001 mol／L di- 
lute nitric acid solutions are shown in 1 

ble 2． It can be seen that back extrac tion 

of u(vi)and Th(IV)from TBAA·50％TMB一 
50％OK (volume fraction)was rather more 
di伍cult than those from TBP一50％TMB一50％ 

OK(volume fraction)． 
In these extraction experiments，the con— 

centrations of TBAA in organic phas e were in 

a large excess compared with those of U(VI) 
and Th(IV)in the aqueous phase．The results 

凸 

1000 

100 

l 

0．1 

Table 2 Stripping of U(VI)and Th(IV)from 
0．5 mol／L TBAA and 0．5 mol／L TBP in 

50％ TMB一50％ 0K 

All the organic phases were made in 3．0 mol／L 

HNO3 solutions 

complex of Th(IV)，NO3 and TBAA was ex— 
tracted into the organ ic phase． Thus，the ex— 

traction reactions can be expressed as follows： 

uo；+a)+2NO~( )+TBAA(。)=UO2(NO3)2·TBAA(。) 

Th赫+4NO3( )+TBAA(。)=Th(NO3)4·TBAA(。) 

0．1 

【TBAA]／mol·L 

Fig．5 Distribution coefficients of Th(IV)as a 
function of TBAA concentration at 25。C 

[Th(IV)】=5．0X10_。mol／LI【HNO3】=o．075mol／L 

[LiNO3]=4．0mol／L 

4 Conclusions 

The extractions of u(VI)and Th( )from 
nitric ac id medium by TBAA are better than 

by TBP．At low acidity．a better U—Th sep- 

(6) 

(7) 

ax ation can be reached． A better coextrac- 

rion between U(VI)and Th(IV)could be ob— 
rained when the HNO3 concentration exceeds 

4 mol／L．The extraction reactions for UfVI1 

and Th(IV)axe exothermic，and compositions 

of extracted complexes are UO2fNO3)2．TBAA 

and the Th(NO3)4·TBAA．LiN03 may modify 
the extraction of U(VI)and Th(IV)through 

TBAA．Back extraction of U(VI)and Th(IV) 
from TBAA一50％TMB一50％OK was much more 

difficult than from TBP一50％TMB一50％OK 
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