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Extraction of Alkali Earth Metal Ions From Aqueous Nitric
Acid Solutions With TODGA-DHOA in n-Dodecane

ZHU Wen-bin, YE Guo-an, LI Feng-feng, JIANG De-xiang, I.LI Hui-rong
China Institute of Atomic Energy, P. O. Box 275(26), Beijing 102413, China

Abstract: A novel extraction reagent, N, N, N’, N'-tetraoctyl diglycolamide(TODGA) was
synthesized. The influence of various factors on the extraction of alkali earth metal from
aqueous nitric acid solutions with this amide (L) and N, N-dihexyl-octamide (DHOA) is
studied, including extractant concentration in n-dodecane, extracted ions concentration,
acidity of aqueous phase, ionic strength of salting out agent and temperature. The composi-
tion of the extracted species and the mechanism of extraction were studied. The results sug-
gest the extracted species to be M(NQO;), * 2TODGA (org). The enthalpy change for the
extraction of Ca ([ ), Sr(][) and Ba(][ ) are (—38.85 =+ 1.37) kJ/mol, (— 24.30 %+
1.45) kJ/mol and (—9.14 +2.01) kJ/mol, respectively. The ehtropy change are (— 78.26 +
2.67) J/(mol « K), (—75.80+4.74) J/(mol « K) and (—51.8546.11) J/(mol + K), and
the Gibbs energy change are (—9.88 +0.06) kJ/mol, (—2.08+0.06) kJ/mol and (6.06 +
0.22) kJ/mol at 293 K, respectively. No emulsification or third phase formation is observed
during the extraction process. On the basis of the experiment results, the method of seperation
and recovery of Sr from high-level liquid waste puts forward.
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Fig. 1 Effect of TODGA initial concentration on
D, (without DHOA)
7K A (Aqueous phase) :3. 0 mol/L HNO; (co (M( ][ ) =
5X10° mol/L ),

A HLAH (Organic phase) :0. 001~0. 2 mol/L
TODGA/ IE+ — %t (n-dodecane)
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Fig.2 Effect of DHOA initial concentration on
D, (without TODGA)
JK #H (Aqueous phase) : 3. 0 mol/L. HNO; (¢ (M([[ )=
5X10° mol/L),
A HLAH (Organic phase) ;0. 1~2. 86 mol/L
DHOA/ IE + —%& (n-dodecane)
W— CaClD), &% (Slope)0. 02+0. 02;
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HNO, 4 Fih ot CaCIl) . SrC I BaCIl ) Y % Bt
ik 8RR T B 3. B 34551 %8, DHOA ¥ lh
W[ 2 1. 0 mol/ L, 7E % 451 TODGA #] i e
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Fig. 3 Effect of TODGA initial concentration
on D (with 1. 0 mol/L DHOA in organic phase)
JKAH ( Aqueous phase) ;3. 0 mol/L HNO; (co (M([])) =
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Fig. 4 Effect of DHOA initial concentration
on D (with 0.1 mol/L TODGA in organic phase)
JK A (Aqueous phase) : 3. 0 mol/L. HNO; (¢ (M(][)) =
5X107% mol/L),

A HLAH (Organic phase) :0. 1 mol/L. TODGA-
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@ — Sr(ID), &% (Slope) —1. 16 £0. 09;

A BaC ), &% (Slope) —1.1240. 04

2.2.3 HNO. ¥ W E M Em oF58 7 4A HLAH
K% H 0.1 mol/L TODGA-1.0 mol/L DHOA/
TE A Z e I EAS [ R A 4 vk B A B b X CadlD
Sr(ID BadD B ZERAT R 45 RoR TEI S, &5 45
W] AETHBR W) 4G e B2 0. 1~3. 0 mol/L & [F 14
Wi 5 ) b i 2 VR BB A 15 5 0. 1 mol /L TODGA-
1.0 mol/L. DHOA/IE + = #¢ # B Ca (11 ),
SrCIDF BaCll) By 4 Be Lk 3 m. JF H 1g D 5
lg c., (HNO:) 5 28 1 56 & . H H &K AR 5000 R
2.1740.12.1.83+£0.06 Fi1 1.9440. 11; 4
WU B KT 3. 0 mol /L i, B 25 fil§ B ) 4 e I
[ i, CaC 1) W SrCID ABaC D) #1943 e e B A
TS PR ) 4 Wk BE A 0. 1~3. 0 mol/L i [F P » By T fil§
MR R AT AR (/5 TODGA %8 HUh, + 4 J&@ B 1
(4 3 TC LU 38 0 224 i R 90 4 ok B KT 3. 0 mol/L
B B T TODGA Xl BR A — &2 1 22 B, BL B, i
M2 2R AE . 8 TODGA ZEH CaCll)
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Fig. 5 Effect of initial concentration of nitric acid
in aqueous solution on D
7K A (Aqueous phase) :0. 1~5. 0 mol/L HNO; (¢, (M( ][ )=
5X10"% mol/L),
A LA (Organic phase) :0. 1 mol/L
TODGA-1. 0 mol/L DHOA/IE + —%¢ (n-dodecane)

[ ] CaCIl) . &2 (Slope)2. 1740. 12;
[ ) SrC 1), #}#% (Slope) 1. 83+0. 06;
A BaC Il ), &% (Slope) 1. 94+0. 11

Sl BaCll) W B EEFEAK. 8 0.1 mol/L
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J& BT AR R b FE R 3. 0 mol/L 2245 .
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P 3 B NaNO, ) 16 v B 0935 I, 28 B B
YERII] 3G, S8 B3, H lg D 5
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1. 1740. 04.,0. 94 40. 16, 7F 2 4~ % 52 ) NaNO, 9]
AV P H N BadlD 9 73 BE HEREA QR B A S, HZR
AN —0.09 0. 07, AT BEAY JRL A 2 L 1% A IR &R
XF BaID FEARZE T, Eh BT AN 2

2.2.5 PEWMEEETIRENZR HRETAH
HLAIE £ 0. 1 mol/L TODGA-1. 0 mol/L. DHOA/
1E+ Zkexd CadID .SrdD BadID f & LT A, KA
TSR R MR FE Sy 3. 0 mol /L, W 2 B 4 J 185 vk Jis 7
FETERE R 1X10 " ~5X 10~ mol/L, H:#E B 4% 5 R
T 7. B 7 AR YRR 0.1 mol/L
TODGA-1. 0 mol/L. DHOA/ I | =% . 7K # il i %)

¢,(NaNO,) / (mol * L")

B 6 NaNO; ] 4f v B X ZE B4 BE e D ) 5% i
Fig. 6 Effect of initial concentration of NaNOj;
in aqueous solution on D
JK A (Aqueous phase) : 1. 0 mol/L HNO; (¢o (M(][)) =
5X10° mol/L ),
1.1.5.2,4.6 mol/L NaNO; ;

A HLH (Organic phase) ;0. 1 mol/L
TODGA-1. 0 mol/L DHOA/IE + —%¢ (n-dodecane)

| | CaCIl), 8% (Slope)1. 17£0. 04;

() Sr(11) . &} (Slope)0. 94+0. 16

A Ba(Il), 4} #% (Slope) —0. 09+0. 07
10° ¢

i

1(‘),4 l(‘)’3 107;
¢,(M) / (mol = L")

Bl 7 WEEENA R B TR X ZE I L L D g
Fig. 7 Effect of concentration of extracted metal ions
in aqueous solution on D
7K # ( Aqueous phase) :3. 0 mol/L. HNO; ,
1X10"4~5X10"° mol/L MCI[);

A HLAH (Organic phase) :0. 1 mol/L
TODGA-1. 0 mol/L. DHOA/ IFE + %% (n-dodecane)

[ | CaCIl) % (Slope)1. 05+0. 053
[ ] SrC 1), &2 (Slope) 0. 9940. 08;
A BaCIl) .4} # (Slope) 1. 05+0. 05

LG BE 2 3.0 mol/L B, 7E % 2 ) CadID , Sr (1D
Ba(ID ¢ & 5l N, 0. 1 mol/L TODGA-1. 0 mol/L
DHOA/IE -+ 4228 CaC 1) SrC 1) BaC 1)1y
43 TC LU B 2 4 J B8 - VR BE R B i g L 1g D 5
lg cog (MCIID)) B ZMER R H HLR R 50
1.05 £ 0. 05, 0.99 + 0.08, 1. 05 £ 0. 05, X% F
TODGA #H CaC ). SrC 1) BaC DT & ¥ 1K
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B EE AT LAERIR Oy
Cos (MET) = ¢(MP") + c(M(NO;) ") + ¢(M(NO,),)
= (M) (1 + Be(NOy) + B¢ (NO; )
(5)
IR b 7 R (3) AT AR N
kx _ ba + B c(NO;) + B'¢* (NO; ))
. i (NO3 ) e (TODGA)
i 5E 7E 1 € /Y9 I R Y8 BN (1 + Bife (NO, ) +
B'e? (NOy ) A B KA 4L, I AR 4 Van 7 t

(6)

Hoff J7 8 . T LIRS F st 54078 (AHD 55 4
F B (AG) FIHRAE (AS)

Alg K  AH

AT 2.303R e

AH =—R X 2. 303 X slope (8)
AG =—RT X 2.303 X lg K., €D
AG = AH — TAS (10)

BT AT E JE B b 10~60 °C . IR Hlg KU 56
FAATHE S, MdRES lg KLk RHWHELERMR
LR (8) L (9) (10) W] LK M4 5 B i (19 55 A2
(AHD FHF A 37 A H e (AG) R ZE (AS) . H 4%
FIF 1, 1 pgdE T, A W A oAk
(—AGAS AL (W JFE K. Ca (11D >Sr ([[) >
BaC[l) . AG 8, 3 W] A O B 25 5 i3 47, B
IS BC B AR L [ R AH BB R 4 R B
T 5 TODGA J& i 1) e A7 B A0

3.0 31 32 33 34 35 36
10°T'/K!
8 lg KL S5MRBEAELNER
Fig. 8 Relationship between lg K/, and 1/T
7K A8 ( Aqueous phase) :3. 0 mol/L HNO; ,5X 103 mol/L M([[);
£ HL#H (Organic phase) :0. 1 mol/L
TODGA /iE+ = %¢(n-dodecane) ,10~60 C

] CaCll), &l (Slope) 2. 03£0. 08;
o Sr([1) .4} (Slope) 1. 274-0. 08;
A BaCIl) . 43 (Slope) 0. 48+0. 10

F1 20 CTAEB L 4R THRI¥SH

Table 1 Thermodynamic parameters for the extraction of metal ions at 20 ‘C
, AG/ AH/ AS/
B T (Tons) lg Kix
(kJ « mol™ 1) (kJ » mol™ 1) (Jemol ! - K1)
CaC[l) 1.7640.01 —9.88+0.06 —38.85+1.57 —98.82+5.15
SrC ) 0.37+0.01 —2.08+0.06 —24.3041.45 —75.80+4.74
BaCIl) —1.08+0.04 6.06+0.22 —9.14+2.01 —51.85+6. 11

7 (Note) : 7K # ( Aqueous phase) :3. 0 mol/L HNO3,5>X10 % mol/L MCII ) ; & #lL 4 (Organic phase):0.1 mol/L. TODGA /IE -+ —

5t (n-dodecane)
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BeAe o 5t e

(1) DHOA/IE A+ = %% CaCll) . SrCI) 1Y
AT 29K 1% BaC Il B4R T L 249 341
H DHOA %] I ¥ B A2 4k X 28 B 43 e LL 5% ) A
K 75 TODGA/IE + — %t 2 WAk &, B &
TODGA %] b v BE 9 35 ns Ca CIL) . Sr CID
BaCIl) 843 Fie Ho 38 5

(2) TEIR & % Wik & . DHOA 2 4 il
TODGA X} 5% + 45 J& 1Y) 25 HL, i DHOA %] 46 ¥
JE 34 i, TODGA Z£ B Ca(ID . Sr(ID  Ba(ID 443
TiC Fb AR AV 5 i IR A7) T ik B8 A R A A6 BB rp X 43 TE BE 1)
SR LL A K il BR W) bR vk B2 A 3.0 mol/L B,
Ca(ID . Sr(ID BadID 4 43 Bt bb 3k 2] 5 KA 5

(3) I BE LI 45 R W TODGA 2L CadlD
SrC 1) BaC Il ) A T 1 AR 2 B e b 5 %6 B F v
J AR AR5 AT AR (— AG) AZ Ak Y It
JP Ut B Ca CIl)D 5 5 5 B2 B, Se CH) Hik,
BaC 1) i 2 OBCR B 2%

£ TODGA # jim A DHOA #1] DL [ 1K
TODGA %f CaCI[).SrC 1) .BaCIl) () 2 B4y it
I, Bt TODGA F1 DHOA B9 40 4 7T DL AT 3% i
FH 1 TODGA N HLLW st SrC 1) # € B, 24
DHOA #t& e K TF 1. 0 mol/L B}, SrC I ) i1y 4>
Bt /NF 1. ZER A TODGA &5 0% W 43
B R A R T E R, AT L e R A 0.1 mol/L
TODGA-1. 0 mol/L. DHOA/IE + = % ¥ #1 & #1
98 22 D P VB P R AT 43 B, Se I R B AE A 4
KARH LSRG FER 0.1 mol/L TODGA/IE + —
ot NAE A3 KA Il g SeCCTD)
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