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2.3

.3
| (Model I)
(HZX—lAX)_
R,N"-ClI” + xH,A «™» R,N"-(H,,A ) +H" + Cl, 1)
m:[R4N (HyA)1ICIT][HT] @
[R,N*-CIT][HA]¥
Ig[RAN (H2xfle)7][CI7][H ]=|gm+X|g[H2A], (3)
[R,N-CIT]
RN*-CI- HA
3 X m.
[I(Modél 1)
R,N"-Cl" + xH,A «*> R,N"-Cl"-xH,A , 4)
k:[R4N -cr-tzA], ©
[R,N*-CI"][HA]¥
1gLReN - ClXHAL o wigiHA] (©)
[R,N"-CI7]
(6) X k.
[HI(Modél 111)
HA<“ S H" +HA, 7
1:1 R,N"-Cl" +H,A<™5>R,N"-HA +Cl" + H", (8)
1:x R,N"-ClI” + xH,A<™ 5>R,N"-(H,, ,A) +Cl +H", (9)

11 R,N*-Cl" + H,A« 5> R,N"-CI" - H,A, (10)
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Ly R,N"-Cl™ + yH,A <5 R,N"-CI"- yH,A. (11)

[F]:[R4N+-HA’]+L +(2x=-)[R,N" -(H,, ,A ) ]+2IR,N"-ClI"-H,A]+L +2y[R,N"-Cl"-yH,A], (12)

R—[R,N"-CI']=[R,N"-HA ]+L +[R,N"-(H,,,A) 1+[R,N"-Cl" -H,A]+L +[R,N"-Cl-yH,A], (13)

Ro
rT]ll lrrl)(l kll lky'
3
3.1
( ) ka 5.9x107 kyp 6.4x107°
.3
(Modeél 1) 2.22 0.106
(Model 11) 1.18 2.10.
| I . 1]
1]
2.12 0.001
0.0031
0.0002.
1:1 R,N*-Cl" + H,A«“ 5 R,N"-Cl"-H,A, k=212, (14)
1:2 R,N"-ClI" +2H,A ™5 R,N"-(H,A,) +Cl-+H*, m=0.0031, (15)
1:1 R,N"-Cl" +H,A<™5>R,N"-HA +Cl"+H",  m=0.0002. (16)
3 ( 1 2
2.2 1.2.
3 I
1 2.10.

R,N"-Cl" + H,A<* 5R,N"-Cl -H,A . (17)
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0.6 - 0.6
L —m— 1:1 anion exchange complex | —m— 1:1 anion exchange complex
0.5 -—e— 1:2 anion exchange complex 0.5 -—e— 1:2 anion exchange complex
N r —A— 1:1 hydrogen bond complex r —A— 1:1 hydrogen bond complex /
£ 0.4 -—y—1:2 hydrogen bond complex - 0.4 -—y— 1:2 hydrogen bond complex e
S | —e— Total load factor S [ —e— Total load factor /
- 03 - 8 03
<_g L Ro=0.065 mol/L ’/ 3 |l Ro=0.065 m(y /
o, 02F — S 02r
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oo- ¥ v v v v 0.0 v v v
L | L | L | 1 L L | L | L L
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H,C,0, equilibrium conc. (mol/L) H,C,0, equilibrium conc. (mol/L)
1 2

Fig.1 Effect of the concentration of oxalic acid on the
modes of C,0,%" in organic phase(model 111)

Fig.2 Effect of the concentration of oxalic acid on the

modes of H" in organic phase(model 111)

3.2
(6]
1 mol 5mol [
e, o
3
110 VW,
100 - ki
g 90 = }\
< o | e
§ 80 - g W T
g 0
) a £ 60 |uy,
1724 cm vs(C O) 1227 cm S gl N
—COOH [v(C—O)+5(0—C 0O)]. Y 1
30 &= |
2000
Wavenumber (cm?)
[v{(C—0O)+5(0—C 0O)] 3
-1
1242cm™ C O Vas Fig.3 Infrared spectrum of H,C,O, in different systems
(C 0O) 1651cm™.
v(C O) 1724cm™ 1650 cm™ 1724 cm™
. [b(C—0)+56(0—C 0]
—COOH
1
Tablel IR peak of H,C,O, in different systems
System v(C  0) (cm™) [u(C—0)+5(0—C 0)] (cm™)
Oxalic acid solid 1724.35 1227.44
Oxalic acid agueous solution 1651.22 1241.63
Oxalic acid in organic phase 1722.81 1193.05
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110 ¢ 95 [
100 "
o 90 <
S 80| i S g5
8 0L 3
5 - g o
£ 60r- E=1
5 s0r g 75h ,
©
2 ol
2 L (b)
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4
Fig.4 IR spectra of N3 loading H,C,0,
Va(CHz)  v(CHy)
C—H [ cH,
2932 cm™ 2861 cm”
va(CHz)  vg(CHR)™ COOH

2 N263
Table 2 IR peak change of N.gz loaded with oxalic acid
Sample as(CH3) (cm™) vs(CH3) (cm™) 0as(CHy) (em™)  s(CHy) (cm™)
Nass 2954.63 2872.26 2925.72 2855.48
Trioctylamine 2954.72 2871.60 2922.01 2851.25
Nas3 l0oading HC04 2947.77 2870.90 2932.71 2861.55
—COOH
5
|
S
) F=0
|
(0] c=0,
o=c RN
| ] II-I
O=
e g H\ (ID
[ o=cC
H o=¢
e : g 0=
= N
AVAVAVAN ' NANAN '

(a) 1:1 Hydrogen bond complex (b) 1:2 Anion exchange complex

5
Fig.5 Possible structure of Ne; and H,C,0, complexes
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1)
1:1 R,N"-Cl"+H,A<“ 5R,N"-Cl -H,A, k=212,
1:2 R,N"-Cl"+2H,A« ™ >R,N"-(H,A,) +Cl +H", m,=0.003L.
@ —COOCH cr
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Mechanism of Extraction of Oxalic Acid by Quaternary Ammonium Salt
TANG Hong-ping, YANG Ming-de, HE Pei-jiong
(Institute of Nuclear Energy and Technology, Tsinghua University, Beijing 100084, China)

Abstract: Quaternary ammonium salt (Ng3) has strong affinity with Au(CN),™ in cyanide solutions, but Au is not
readily stripped. Stripping by acidic thiourea solutions with air sparging shows good promise, and the stripping
efficiency isimproved significantly by addition of oxalic acid in the stripping solution. It is found that oxalic acid is
extracted into the organic phase during stripping. In this paper, the mechanism of extraction of oxalic acid is studied
by 3 models of extraction equilibrium and infrared spectrum. It is shown that oxalic acid is extracted mainly as
neutral molecule (ratio to Nogz is 1:1), which is associated with the anions of quaternary ammonium salts by
hydrogen bond. There are till small quantities of oxalic acid anions HsC,Og~ which exchange with CI™ of Nogs to
form 1:2 ionic pairs with the cations of Nyg3.

Key words: quaternary ammonium salt; oxalic acid; hydrogen bond; solvent extraction; mechanism
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