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Distribution Behavior of 1-butanol in Reprocessing Solution

Toshihide ASAKURA, Hidevuki NEMOTO
Gunzo UCHIYAMA, Sachio FUJINE and Mitsuru MAEDA

Department of Fuel Cycle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 23, 1995)

The distribution behavior of l-butanol was studied under PUREX process
conditions, using the two phase system of the organic solution of tributyl
phosphate (TBP) and dodecane, and of the aqueous solution of nitric acid and
uranyl nitrate. The distribation ratio of I1-butanol was measured by changing
the concentration of 1-butanol, the concentration of TBP in the organic phase,
the concentration of uranium in the organic phase, and the concentration of
nitric acid in the aqueous phase. The ratios varied from 0.09 to 5 under the

present experimental conditions.

Keywords : 1-butano!, Distribution, Reprocessing, Tributyl Phosphate, Uranyl
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Table 1 The conditions for the distribution experiment of 1-butanol and butyl nitrate

at low concentration

Run No. [l-butanol]wg e LDUty] nitrate]m it [U]urg [HNOs]aq it
(M) M) (g-UMy (M) (M)
1 1.1x1073 7.6x107* 0 0 0
2 5.5x107° 3.8x107 0 0 0
3 1.1x1072 7.6x107? 0 0 0
4 9.8x1072 9.1x10! 0 0 0
5 3.3x107 2.3x10? 0 0 0.5
6 3.3x107? 2.3x1072 39 0.16 0.5
7 3.3x102 2.3x107 - 82 0.34 0.5
8 3.3x1072 2.3x107 92 0.39 0.5
9 5.5x1073 3.8x1073 0 0 0.5
10 5.5x1073 3.8x107? 0 0 1.0
11 5.5%107 3.8x107° 0 0 3.0
12 5.5x10°? 3.8x1073 0 0 4.5
Run No. [l-butanol]m e oUtyl nitrate] . [V, [Na,CO,] .
(M) (M) gy ™) (M)
13 3.3x107? 2.3x107 0 0 0.3

Table 2 The results of the distribution experiment of 1-butanol at low concentration.
varing the concentration of |-butanol, under the conditions of (Ulw = 0,
(HNO:J.. = 0. the organic phase of 30 % TBP,dodecane

Run No. [1-butanol]mi“it [I-butanol]org [l-butanol]lq mass distribution

balance ratio

(M) M) (M) () =)

1 1.1x1073 8.2x10-* 3.1x10 1.0 2.7
2 5.5x107 4.3%1072 1.3x1073 1.0 34
3 1.1x1072 8.9x107° 2.5x107? 1.0 3.6
4 9.8x107? 8.5x1072 2.0x107? 1.1 4.3
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Table 3  The results of the distribution experiment of 1-butanol at low concentration.
varing the concentration of U, under the conditions of (1-butanol] e e = 3. IX10°M,
[HNO: ) e = 0.5 M, the organic phase of 30 % TBP “dodecane

Run No. [U]Drg [l-butanol]org [l-butanol]aq mass balance distribution
ratio
(M) (M) (M) (=) (=)
5 0 2.7x1072 7.0x10? 1.0 3.9
6 3.16 2.6x1072 8.3x1073 1.1 3.2
7 0.34 2.0x1072 1.1x10? 0.94 1.9
8 0.39 2.1x102 1.4x107? 1.0 1.5

Table 4 The results of the distribution experiment of 1-butanol at low concentration,
varing the concentration of HNO:. under the conditions of [1-butanol]) we i = 5. 5X107 M,
(U)we = 0, the organic phase of 30 % TBP, dodecane

Run No. [HNO,] [I-butanol]Drg [l-butanol]&q mass balance distribution

aq,init

ratio

(M) (M) (M) (-) )

2 0 4.3x107® 1.3x107 1.0 34
9 0.5 4.3x1073 1.5x10°? 1.1 2.8
10 1.0 4.2x107? 1.6x107? 1.1 2.7
11 3.0 3.6x1073 1.7x1073 0.97 2.1

12 4.5 5.2x107 1.9x107° 0.44 -

- : not determined



JAERI-Tech 95-027

Table 5 The summarized results of the experiment of butyl nitrate

Run No. [butyl nitrate]min“ [butyl nitrate]nrg [butyl nitrate]nq mass balance

(M) (M) (M) -)
1 7.6x10° 8.0x10* n.d. 1.1
2 3.8x107 4.0x107? n.d. 1.1
3 7.6x1073 8.2%x1073 n.d. 1.1
4 9.1x102 1.0x10* n.d. 1.1
5 2.3x1072 2.3x107? n.d. 1.0
6 2.3x10? 2.5%1072 n.d. 1.1
7 2.3%x107? 2.4x1072 n.d. 1.0
8 2.3x102 2.4x107? n.d. 1.0
9 3.8x10°3 4.1x10? n.d. 1.1
10 3.8x107 4.3%x1073 n.d. 1.1
11 3.8x10? 3.6x10°? n.d. 0.95
12 3.8x107° 3.9x1073 n.d. 1.0
13 2.3x1072 2.4x1072 n.d. 1.0

n.d. : not detected.
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Table 6 The conditions for the distribution experiment of 1-butanol at high concentration

Run No. [1-butanol] . [TBP], [ul,, [HNO,],

(M) (vol%) (M) (g-U/) ™M ™M
14 1.8x102 30 1.1 85 0.36 3.0
15 4.0x102 30 1.1 85 0.36 3.0
16 0.10 30 1.1 85 0.36 3.0
17 0.92 30 1.1 85 0.36 3.0
18 0.10 0 0 0 0 3.1
19 0.10 10 0.37 0 0 3.0
20 0.10 30 1.1 0 0 3.1
21 0.10 60 2.2 0 0 2.9
22 0.10 100 3.7 0 0 3.0

(23 0.10 10 0.37 35 0.15 3.0)
24 0.10 60 2.2 88 0.37 2.9
25 0.10 100 3.7 85 0.36 2.6
26 0.10 30 1.1 54 0.23 3.0
27 0.10 30 1.1 97 0.41 3.1
28 0.10 30 1.1 1.2x10?  0.50 2.9

29 0.10 30 1.1 0 0 0.58
30 0.10 30 1.1 0 0 1.6
31 0.10 30 1.1 0 0 4.6

32 0.10 30 1.1 90 0.38 0.56
33 0.10 30 1.1 90 0.38 1.7
34 0.10 30 1.1 92 0.39 4.0
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Table 7 The results of the distribution experiment of 1-butanol at high concentration,
varing the concentration of l1-butanol, under the conditions of (TBPlwe= 1.1 M, (Ulex

= 0.3 M, [HNO:)., = 3.0 M

Run No. [l-butanol]% e [I-butanol]org [1-butanol]aq mass distribution
balance ratio
(M) (M) (M) =) (=)
14 1.8x107*2 1.3x10* 1.8x1072 1.6 -
15 4.0x1072 1.8x1072 2.9x102 1.2 0.63
16 0.10 4.6x1072 6.4x107? 1.1 0.72
17 0.92 0.49 0.39 0.93 1.3

— : not determined.

Table 8 The results of the distribution experiment of 1-butanol at high concentration,
varing the concentration of TBP. under the conditions of [1-butanol) e wn = (.10 M,

(U)o =0, (HNO:}.w = 2.9—3.1 M

Run No. [TBP]C'rg [l-butanol]m_g [l-butan-'.)l]ml mass distribution

balance ratio
(M) M) (M) -} -)
18 0 9.0x10 0.10 1.1 8.7x102
19 0.37 4.6x102 6.9x102 1.1 0.67
20 1.1 6.9x10°2 4.5x102 1.1 15
21 2.2 9.1x1072 3.3x102 1.2 2.7
22 33 9.0x10" 2.7x1072 1.1 3.3
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Table 9 The results of the distribution experiment of I-butanol at high concentration,
varing the concentration of TBP. under the conditions of (1-butanol}ee me = 0.10 M,
(U)we = 0.15 or 0.36—0.37 M, (HNO; }j.= 2.6—3.1 M

Run No. [TBP]W [1-butanol] _ [l-butanol]“q mass balance distribution

ratio
(M) (M) (M) () )

( 23 0.37 1.7x107? 8.7x1072 1.0 0.19 )
16 1.1 4.6x107? 6.4x102 1.1 0.72
24 2.2 7.0x1072 4.1x1072 1.1 1.7
25 3.3 8.3x1072 3.1x10°2 1.1 2.7

Table 10 The results of the distribution experiment of l-butanol at high concentration.
varing the concentration of U, under the conditions of {1-butanol) oe w = 0.10 M,

[TBP]org = 1 ]. M, [HNO% ] ag = 2 9_3 1 M

Run No. [U]Drg [l—butanol]m [ 1-'butanol]‘lq mass balance distribution

ratio

(M) (M) (M) - (-}

20 0 6.9%1072 4.5%107? 1.1 1.5
26 0.23 6.1x10-2 6.3x107° 1.2 0.97
16 0.36 4.6x1072 6.4x10 1.1 0.72
27 0.41 4.7x10* 6.6x107 1.1 0.71
28 0.50 2.8x10-? 7.6x1072 1.0 0.40
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Table 11 The results of the distribution experiment of 1-butanol at high concentration,
varing the concentration of HNO:, under the conditions of (I-butanol) we wie = 0.10 M,
(TBPJoe = 1.1 M, (Ulsw = 0

Run No. [HNO3]Ng [l-butarml]“rg [l-butanol]aq mass balance distribution

. ratio
(M) (M) (M) =) =)
29 0.58 7.9%x1072 3.5x102 1.1 2.2
30 1.6 7.2%x1072 3.7x107? 1.1 1.9
20 3.1 6.9x1072 4.5x107? 1.1 1.5
31 4.6 6.8x1072 4.6x107 1.1 1.5

Table 12 The results of the distribution experiment of 1-butanol at high concentration,
varing the concentration of HNO:, under the conditions of [I-butanolles wx = 0.10 M,
[’I‘BP]W&: 1]. M. [U]wu = 0.36——0 38 M

Run No. [HNOE]org [l-butanol]m [l-butanol]m mass balance distribution

ratio

(M) M) (M) -) =)

32 0.56 5.5x107 5.2x10? 1.0 1.1
33 1.7 5.0x1072 5.4x107 1.0 0.93
16 3.0 4.6x1072 6.4x107? 1.1 0.72
34 4.0 4.3x107? 6.0x1072 1.0 0.72

Table 13 Hansen solubility parameters of water, l-butanol, TBFP and dodecane

solvent solubility parameters' R value
((MPa)'?) between 1-butanol
8, d, 4, 0
water 155 16.0 42.4 479 28.5
1-butanol 16.0 57 158 23.1 0
TBP 16.4 6.3 4.3 18.0 11.5
dodecane 16.0 0 0 16.0 16.8

+ Values are refered from "polymer handbook, 3rd ed.”
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Table 14 The correlation of the distribution ratio of l-butanol by the concentration of free-TBP

Run No. concentration in the organic phase (M) distribution
1-butanol U HNO, TBP! free-TBP* ratio (-)

18 9.0x107 0 (5.5%107?) 0 0 8.7x1072
28 2.8x10*  0.50 (.11 1.10 0 0.40
23 1.7x102  0.15 1.7x1072 0.37 0.03 0.19
34 43x10? 039 023 1.10 0.09 0.72
19 4.6x10% 0 0.23 0.37 0.14 0.67
27 4.7x102%  0.41 0.12 1.10 0.16 0.71
26 6.1x10%  0.23 (.47 1.10 0.17 0.97
16 4.6x102  0.36 0.19 1.10 0.19 0.72
31 6.8x102 0 0.88 1.10 0.22 1.5
33 5.0x102 0.38 9.2x102 1.10 0.25 0.93
32 5.5x10%  0.38 1.6x107? 1.10 0.32 1.1
20 6.9x102 0 0.66 1.10 0.44 1.5
24 7.0x102 Q.37 0.79 2.19 0.66 1.7
30 7.2x10% 0 0.37 1.10 0.73 1.9
21 9.1x10%* 0 1.22 2.19 0.97 2.7
29 7.9x107 0 0.13 1.10 0.97 2.2
25 8.3x10* 0.36 1.39 3.65 1.54 2.7
22 9.0x10%* 0 1.88 3.65 1.77 33

8 2.1x10%  0.39 =(J¥* 1.10 0.32 1.5

7 2.0x102  0.34 =()** 1.10 0.42 1.9

6 2.6x10%  0.16 =(** 1.10 0.78 3.2

5 27x10% 0 0.13% 1.10 0.97 3.9
11 3.6x10° 0 0.66% 1.10 0.44 2.1

9 43x10° 0 0.13* 1.10 0.97 2.8

2 43x107° O 0 1.10 1.10 34

$These values are calculated by using the value of the density of TBP, 0.9724 g cm=at 25°C,
the molecular weight of TBP, 266.32 and the volume percentage of TBP. For example, that
value 1s calculated to be 1.10 M in the case of 30 % TBP/dodecane.

iThe values of [free-TBP] was estimated by the equation, [free-TBP] = [TBP] - 2[U] -
[HNO, .

*Fach va.lue o_f these runs at low 1-butnaol concentration is assumed to be the same as that of
the run, in which the concentration of HNO, was near, at high 1-butanol concentration.

** These value are estimated to be near zero because of the existence of U.
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3 The gas chromatogram of a) the organic phase of the blank sample of Run 10,

Fig.

(Uwe= 0. (HNO:] . v = 1.0 M. b) the organic phase of Run 10. ¢) the standard sample,

(butyl nitrate]= 7.8X10™ M. in TBP.

(1-butanol) = 1.1X10™ M,

column temp.

1 200°C,
. He, flow rate

Capillary column : DB-5, 0.25 mm¢ X 30 m. Injection temp.

: 1.6 ml,min.

! FID. Carrier gas

1 200°C. Detector

1 80°C. detector temp.
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