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Abstract

The equilibrium of the reaction of aluminate with oxalate was studied in alkaline
solution by the potentiometric titration method and the 8-quinolinolate extraction method.
It was found that, after neutralization of free alkali is completed, aluminate commences
to react with oxalate and liberates four moles of hydroxide ion per mole of aluminum

in a pH range of 8 to 9. The reaction is expressed as:
AI(OH); +3C,0% == Al{C,0,%3~+40H~

and the equilibrum constant is about 10-7.

Based on the above findings, a new potentiometric titration method for the rapid
determination of aluminate is proposed.

Recommended procedure: To a sample solution containing 0.02 to 0.2 m mole of
aluminum, 15 mé of 0.5M potassium oxalate solution is added and diluted to 100 mé with
distilled water. The titration of the mixture with 0.1 N hydrochloric acid is carried out
in a nitrogen atmosphere. Free and total alkali are determined by the first and the
second equivalent points respectively and the aluminum can be calculated from the
difference of total alkali and free alkali.

The average error for free alkali in a range of 0.5 to 1.4 meq/100 mé was 0.007 meq/
100 m¢ and that for aluminum in the range of 0.1 to 0.16 m mo4/100 mé was 0.003 m
mo#£/100 mé.
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0.124N HCL, (mD)
Potentiometric titration curves of alkaline solutions with hydrochloric acid.

1; NaOH: 0970 m mo#4, Al: 0.107m mol, 2; NaOH: 0.970m mo#4, Al: 0.107m
mof, Cx07 : 5.0m mof, and 3; NaOH : 0.970 m mof per 100 m¥, respectively.

] | l |
0 2 4 6 8 10 Sz

0.124N HCL, {ml)

N

Potentiometric titration curves of solutions containing various amounts
of aluminum.

Al; 1: 00, 2: 0054, 3: 0.107, 4: 0.160m mof per 100 mé¢ and NaOH:
0.970 m mo# and CO% : 5.0 m mof per 100 mé, respectively.
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0.124N HCL, (ml)
Fig. 3 Effect of oxalate ion concentration.

Cy0%:1:10,2:50,3: 10, 4: 20m mof per 100 mé and NaOH: 0.970 m moé
and Al: 0.107m mol per 100 m¢, respectively.
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Fig. 4 Plots of molar fraction of mononuclear aluminum complexes* against pH
for various oxalate ion concentrations.
[C207]=1:0M, 2: 4x10-4M, 3: 8xX10-1M, 4: 1.0X10-2M. [Allrotar=4
X 10-4 M.
*  Determined by 8-quinolinolate extraction method!®, after aged for min
at 20.0x0.1°C.
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Fig. 5 Plots of molar fraction of aluminum complexes against oxalate ion concentration.

Calculated from the constants!”: [Al+][OH-PB=10-3, [Al(OH);]1[OH-]=10-12
and B;=1018 and 83=1016-3 for Al(Cy0,)$ .
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z—4y), TAi=T ABEXyCE), FRETREELLLOTH A,
2 H* +y AP* +a OH" —y AHOH); +(a— ) HyO +{a— 22— 4y) OH~ (9)
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Table 2. Determination of aluminum, free alkali and total
alkali in synthetic solutions

Total alkali {meq)t Free alkali (meq)t Aluminum {m mof)}
No. added found error added  found error added found error
1 0.291 0.290 —0.001 0.076 0.067 —0.009  0.054 0.053 —0.001
2 0.970 0.968 —0.002  0.756 0.741 —0.015 0.054 0.059 +0.005
3 0.970 0.968 —0.002  0.542 0.541 —0.001 0.107 0.108 +0.001
4 0.970 0.980 +0.010  0.542 0.540 —0.002  0.107 0.110 40.003
5 0.970 0.961 —0.009 0542 0.540 —0.002  0.107 0.105 —0.002
6 0.970 0.968 —0.002  0.542 0.529 —0.013  0.107 0.112 +0.005
7 0.970 0.969 —0.001  0.330 0.334 +0.004  0.160 0.158 —0.002
8 1.94 1.91 —0.03 0.660 0.720 +0.060  0.320 0.298 —0.022
9 2.43 2.39 —0.04 0.720 0.710 —0.010  0.427 0.419 —0.008
10 0.836 0.837 +0.001  0.405 0.400 —0.005 0.108 0.109 +0.001
0.405 0.413 40.008)t
11 1.31; 1.305 —0.006  0.880 0.874 —0.006  0.108 0.108 0.000
0.880 (0.890 +0.010)ft
0880  (0.874  —0.006)t
12 1.78 1.78, —0.006  1.355 1.344 —-0.011  0.108 0.109 +-0.001
1.355 (1.33, —0.018)tt

T:in 100 m¢ 1T: by triethanolamine method?
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Table 3. Average error of the determination
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Al(OH); 43C,08~ == Al(C,0,)% +40H"
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