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Purification of Alkyl Phosphoric Acids and Their Chemical Properties

Role of alkyl phosphoric acids on metal extraction (1st Report)

by Junji SHIBATA®, Takuhiro KAMITANI?, Makoto SANO! and Sanji NISHIMURA!
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The investigation and experiments were carried out on purification of butyl phosphoric acid, 2-ethylhexyl
phosphoric acid and 2-ethyloctyl phosphoric acid. Chemical properties of alkyl phosphoric acids purified by
this method were measured, which were distribution ratio between oragnic and aqueous phases, acid dissociation

constant and interfacial tension.

The distribution ratio of mono-esters is much lower than that of the corresponding di-esters. Values of the
distribution ratio are 5.2, 49 and 570 for butyl, 2-ethylhexyl and 2-ethyloctyl phosphoric acids, respectively.
The mono-esters are fairly strong acids whose dissociation constants are 10721, 1072% and 10723 for butyl, 2-

ethylhexyl and 2-ethyloctyl phosphoric acids, respectively. The mono-esters are more surface active compared
with the corresponding di-esters, except butyl phosphoric acid which has high solubility in an aqueous solution.
The interface coverage of mono-esters is calculated from interfacial tension measurements according to Gibbs’

equation.
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Table 1 Structure and properties of AP-4, AP-8 and AP-10.

AP-4

AP-8 AP-10

o
I

(C,H,-0),-P-OH
52.9%

Structure (0]
I
C,H,-O-P-OH
|

CH,(CH,),CH(CH,) - O - P- OH

C,H, o C,H, o}
| I | I

(CH,(CH,),CH(CH,) - 0),- P- OH | (CH,(CH,),CH(CH,) - 0),- P- OH

39.5% 59.7%
C,H, o C,H, o
| I [ I
CH,(CH,);CH(CH,)- O - P- OH
! |

OH OH OH
47.1% 60.5% 38.2%
Acid value (mg KOH/g) 484 392 269
Specific gravity (at 298K) 1.13 1.02 0.996
Viscosity (107®m?s™! at 298K) 35.3 216 330

Starting Materials (AP-4 IOOcm")
l dissolve in 4000m3 CCl,

3
and wash with 500cm™ H,0

—
CCl, phase

Agueous phase

l wash with 5000m3 H,0 /
f ]

CCl, phase Aqueous phase

(To recovery of DRPA)

—
CCl, phase

l extarct 10 times with 200cmS CCl,

Aqueous phase

evapolate down to 1/4 volumes

extract 6 times with 2500m3 diethyl ether

[
Ether phase

|
Aqueous phase

dehydrate by anhydrous Na,SO0,

remove elher by the evapolation

Purified product

Fig. 1 Purification method of butyl phosphoric acid.
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Starting material (AP-8 1000m3)
dissolve in 200cm3 petroleum ether

contact with ]kmol/m3 CuS0O, solution at pH2.4

1
Organic phase Aqueous phase
evapolatle petroleum ether (discarded)
add acetone
[ v
Acetone phase Cu(M2ENPA),
(To recovery step of D2EHPA) dry in air
decompose with 3kmo|/mJ net
.Y 1
Organic phase Aqueous phase
dissolve in the five (discarded)

volumes of petroleum ether

wash 5 times with 3kmol/m3 HCI solulion
vash with saturated NaCl solution
dehydrate by anhydrous Na,S0,

evapolate petroleum ether

Crude product (500m3)

dissolve in 200r;m3 ethylene glycol
extract 10 times with benzene

[ 1
Ethylene glycol phase Benzene phase

(discarded)
dilute with an equal volume of water

acidify by adding ll.7kmol/m3 HC1 solution (pHO.1)
extract with petroleum ether
wash with saturated NaCl solution

dehydrate by anhydrous Na,S0,
evapolate petroleum ether

Purified product

Fig. 2 Purification method of 2-ethylhexyl phosphoric acid.

Starting material (AP—=10 1000m3)
l dissolve in 2000m3 petroleum elher

contact with ]kmol/m3 CuS0, solution at pH2.5

[ 1

Organic phase Aquecous phase
evapolate petroleum ether
add acetone

| |
Acetone phase Cu(M2EUPA),

(To recovery step of D2EOPA) dry in air q
decompose with 3kmol/m™ HCI

[ [
Urganic phase Aqueous phase

dissolve in the fourteen (discarded)
volumes of petroleum ether

wash with Skmol/m3 HC1 solution
wash with saturated NaCl solution
dehydrate by anhydrous Na,S0,
evapolate petroleum ether

Purified product

Fig. 3 Purification method of 2-ethyloctyl phosphoric acid.
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Table 2 Distribution ratio and dissolved percent of
various reagents in aqueous phase at 298K.

Reagent Distribution ratio Dissolved percent
MBPA 5.2 16%
M2EHPA 49 2.0%
M2EOPA 5.7 x 10? 1.8x107'%
D2EHPA 1.7 x 10* 5.8x107°%
Table 3 Acid dissociation constant of various
mono-esters at 298K.

Mono-ester pKa* pKa**
MBPA 3.6 2.1

M2EHPA 3.8 2.3
M2EOPA 3.9 2.3

* Determined in 45wt% dioxane-water solution.
** Estimated value in aqueous solution.
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Fig. 4 Interfacial tension of various mono-esters and D2EHPA
between kerosene and aqueous phase.

Table 4 Surface excess concentration of various
reagents at 298K.

Reagent I’ (mol/m?) N/S*(1/m?) 0**(%)
D2EHPA 5.75 x 1077 3.46 x 107 10.3
M2EHPA 1.46 x 107 8.79 x 107 27.3
M2EQOPA 2.85x107° 1.72 x 10*® 51.7

* Number of molecules on unit interfacial area.
** Interface coverage percent of molecules.
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