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THE DETERMINATION OF SMALL AMOUNTS OF ALUMINTIUM OXIDE IN
MAGNETITES AND. IRON CATALYSTS. ‘

by: F.H. Kunstmann and E.F.k. Miller.

Aluminium oxide, among other substances, is used as a "struc-
tural promoter" in iron catalysts (1). The following method makes
possible the determination of the relatively small amounts of alu-
minium in iron catalysts.

It is customary in mineral analysis to determine alumine in-
directly by determining Fe203, Tio2 and P205 and subtracting their
sum from the total oxides precipitated by ammonia. When, however,
the amount of iron is greatly in excess of the aluminium, as in
these catalysts which consist mainly of iron oxides, the indirect
aluminium determination is not sufficiently accurate.

When small quantities of a constituent are to be determinecd
1t is often convenient to carry out the determination colorimetri-
cally. Therefore, as a first attempt a colorimetric method wor-
ked out by Bannerjee and Colliss (2) for the determination of
sluminium in coal ash was applied to the iron catalysts. The
procedure is based on the prevention of the interference of ferric
iron by means of thioglycolic acid (mercaptoacetic acid) and the
formation of a coloured complex of aluminium with ammonium aurin-
tricarboxylate (aluminon) (3).

With synthetic mixtures of aluminium and iron, where the re-
lative amounts are in the ratio normally found in coal ash
(A1203/Fe203fv 5/1), the method proved to be adequate, but du-
ring analysis of some of the magnetites (ratio_ﬂlQOS/FeZOBﬁd 1./50)
unsatisfactory results were obtained. Therefore, it was felt
advisable to separate the iron from the aluminium by some meanse.

A short discussion of various separations may be found in the
textbook of Sandell (3). C. Howard Craft and G.R. Makepeace ()
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describe a method where isopropyl ether (or ethyl ether) is used
to extract the iron from hydrochloric acid solutions. As it is
inconvenient to use highly inflemmable chemicals in an analytical
laborator& where naked flames are often used, it was decided to try
some other separation and keep the ether separation as a last
resort., The electrolytic separation of iron with the mercury ca-
thode (3, 5, 6) was studied and found very suitable. A method
for the determination of aluminium, where iron is separated elec-
trolytically, is described below. The electrolysis cell used,
shown in fig. 1, was taken from the textbook of Hillebrand and
Imndell (5). The analysis is carried out according to the

method of Howard Craft and Makepeace (M)

Solutions Reguired.

Ammonium Aurintricarboxylate (sluminon), 0.10%. Dissolve 0.10g.

of the salt in water, add 10ml. of 10% benzoic acid in methyl
alcohol and dilute to 100 ml. Allow to stand three days before
using.

Gelatin, 1%. Dissolve lg. of gelatin in hot water, cool, add

10ml. of 10% benzoic acid in methyl alcohol and dilute to 100ml.
Buffer Solution. Mix 470ml. of 15 N ammonium hydroxide and 430ml.
of glacial acetic acid, cool to room temperature, and add more
acid or base as required, to give a pH of 5.25 - 5.35 when diluted

1 in 20. Dilute to 1 litre.

Composite Reagent Solution. Mix equal volumes of each of the

above solutions. The composite may be prepared from freshly dis-
solved. aluminon, but then the mixture should not be used until
after three days.

NOTE: When mixing the three components a turbidity, which was
found to be due to the gelatin  was formed. The turbidity could
not be removed by filtration, It had no effect on the accuracy,
however, as it dissapeared during the process of analysis.

Sodium/l-"c.ot.an'..soooo.o0!0
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Sodium Hydroxide Solution. Make up a solution of approximately

1 N strength.

Procedure.

Dissolve 0.lg. of finely ground magnetite or catalyst sample
in Sml. of concentrated hydrochloric acid, evaporate to dryness on
a sandbath. Cool, add ca. 5ml. water and l.2ml. concentrated sul-
phuric acid, evaporate %o white fumes so as to expel chlorides.
Cool, carefully add some distilled water to dissolve the ferric sul-
phate, transfer the solution quantitatively to 100ml. measuring
flask and dilute to the mark. Shake well, pipette 20ml. into the
mercury cathode cell, electrolyze for 1 hour with 0.5 amps. (&6V),
run the electrolyzed solution and rinsings into a beaker, filter
into 100ml. measuring flask, wash beaker and filter paper a few
times with distilled water, nnke up to 100mi, and mix. Take a
Sml. aliquot for the aluminium determination. To the aliquot in
a test-tube (ca ¥" x 6") add a drop of phenolphthalein indicator,
and then add 1 N sodium hydroxide to the first red colour. Add
15m1. of composite aluminon reagent. A Dblank containing the same
amount of sulphuric acid as the sample solution is run at the ‘same
time, Tmmerse the test-tubes in a water bath (50-100°C) for 10
minutes, remove and allow to stand at room temperature for 10 minutes.
Dilute to exactely 100ml. and measure the absorption in a spectro-
photometer at a wavelength of 525@N and & slit width of 0,045 mm.
The blank serves as reference solution. Read off the aluminium
oxide content from a calibration curve. The calibration curve is
obtained by taking aliquots from 0 to 50 pa A1203 of a standard

aluminium solution and treating as above.

By electrolysis/eecesescs
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By electrolysis with a mercury cathode the elements Al, Ti,
7zr, P, V and U can be separated from Cr, Fe, Coy, Niy Cu, Zn, Ga,
Ge, Mo, Rh, Pd, Ag, Cd, In, Sn, Re, Ir, Pt, Au, Hg, Tl and Bi,
which are deposited on the cathode (5).

Of the elements that are not separated from aluminium by
electrolysis and that may interfere in the determinetion, titanium,
phosphorus and possibly calcium end magnesium have to be reckoned
with. Their effect on the determination of Al with aluminon was
determined.

I Bffect of Titanium

Table 1 shows the effect of titanium on the aluninium deter-
mination with ammonium aurintricarboxylate. Assuming that a
catalyst has an aluminium content of 2.5% then 25 ug Al 05 cor-
responds to lOOO/ﬂg of catalyst. The addition of EQ/ug Tio2
would, in this case, correspond to & 2% titanium content of the
catalyst. The table shows for each of two A1203 concentrations
(5 and 25/ug or 0.5 and 2.5%) the effect of three concentrations
of Ti0, (5,20 and SO/tg or 0.5, 2.0, and 5.0%).

From the table it can be seen that the presence of Ti0, de-
presses the A1203 values. The influence of Ti0, at the con-
centration in question is not sufficiently large to force a
separation which would invariably complicate matters.

Tt should be mentioned here that the gelatin in the reagent
not only acts as a protective €olloid for the aluminiUmAh;ggggéée,

but, it was found, also has the effect of minimising the influence

of titanium.

Table I/..l.'......io.
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TABIE 1.

e

/ug A1203 present /ug T:LO2 added /Ag nl203 found Average.

R

5 = 5 5L

> - 4.9 5.0
5 - 5.0

7 5 5.1

5 5 4.9 5.0
5 5 540

5 20 4,8

5 20 5.0 4.9
5 20 5.0

5 50 5.0

5 50 4,9 4.9
5 50 k.9

25 - 25 .0

25 - 25.0 25,0
25 - 25.0

25 5 25 .0

25 5 25.2 25.1
25 5 25.0

25 20 25.0

25 20 24,8 24,9
25 20 25,0
25 50 2l ,0
25 50 ok ,0 23.9
25 50 257

IT Effect/cese. .



ITI Effect of Phosphorus.

As before if the A1203 content of a catalyst is 2.5% then
Q?ng A1203 corresponds to lOOO/mg catalyst and therefore,SO/ug

P205 corresponds to a 5% P205 content.

TABIE _ 2.
/Lg Al203 present ya: P295 added ya: A1203 found Average
5 - Gt
5 = )+'9 501
5 - 5e1
5 5 5.2
5 5 4.9 5.0
5 5 5.0
5 50 Sl
5 50 4.9 S
5 50 o
25 - 25.0
25 - 25.2 25
25 - 25.0
25 5 25.0
25 5 25.0 25.0
25 5 25.0
25 50 25.0
25 50 25.0 24 .9
25 50 24,8

- s 2o

ASs can be seen from Table 2, phosphorus, in the concentrations
shown, has no marked influence on the determination of aluminium

with aluminon.

III Effect/QOOQllgt.
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IIT Effect of Calcium and Magnesium.

Table 3 shows that the aluminium determination is not af-

fected by calcium and magnesium at the concentration given be-

low.

TABLE 3

/&

g A1203 present/ug Cal added.ﬂg MgO added,ug A1203 found Averag

e

A R RN S

N
(CAERN BN RN RN G G ) G S 2 R N §

N NN
AR I S BRI EAN

N
NS0 §

25
25
25

25
25
25

25
25
25
50
50
50

25
25
25
25
25
25

-

25
25
25
50
50
50

e

5.0
SI0)
!
5.0
53
(0
5 10
5.3
5.0
5.0
4.9
5.0
25,0
2L, 8
25.0
25 .0
o4.8
252
25.0
25.0
25 .0

o T A £ . W AR SRR S AS R

5.0

25 .0

25.0
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Relative Accuracy of the Method.

To determine the relative accuracy of the analysis, three
different samples were examined. Six portions of each were dis-
solved, electrolyzed and the A1203 content determined. Table 4

gives the results.

TABLE 4.
Sample No. 1 2 3
A1203 found 0.17 0.81 2.19
per cent., 01l 0.81 2.19
0,17 0.77 2.1
0.17 0.81 2.16
0.20 0,77 2.1k
0.15 0.78 2.12
Average 0.17 0.79 2.16

P

The A1203 content of Sample No. 1 is too low for this method

to give sufficiently accurate results.

Absolute Accuracy of the Method.

A catalyst sample with a 5% A1203 content was prepared in the
laboratory - Sample A. A series of composites were also prepared
by mixing sample A with Millscale. These samples were dissolved

electrolyzed and analyzed. The results are given in Table 5.

- e o o e ARS

Table 5.

Composites A1203 content A1203 content
Sample A (g). Millscale (g)  found (%) calculated (%)
-0.000 1.000 Ol s -

0.217 0.783 It 1) NN
0.435 0.565 2.1 2,24
0.652 0.348 3.19 3.30
0.870 0.130 4%.33 %.36
1.000 0.000 4,99 5.00

v v e R v
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