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The least square method to correction the interference of vanadium on trace amount of aluminium determination in vanadium pentoxide |
was studied by phenylfluorone spectrophotometry with sensitization. The sensitizing effects of various surfactants and their optimal |
usage conditions were examined against a blank solution at a wavelength of 560 nm. At optimal conditions, the expression governing
vanadium and aluminium’s (V-Al) mixed absorbance was estimated by least squares method as: A = 0.0376C4; + 0.002902Cy - 0.0015. |
The elimination method for this vanadium matrix, according to the aforementioned best-fit equation, and determined absorbance of V-Al |
allowed calculation of the aluminium concentration in a solution of known vanadium concentration. The method was thus presented as |
able to determine the concentration of aluminium. The experimental results showed that in a pH 10 buffer solutions, the value of € could |
be increased from 2.8 x 10* to 1.3 x 10° L mol cm™ by Tween-80®, the relative deviations of the calculated results and their equivalent
theoretical values were within + 2 %. I
|
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INTRODUCTION vanadium solution®, while organic reagent extraction is not
used in this method. The fast determination of aluminium in
high vanadium, chromium, manganese, platinum and copper
samples was carried out by Liu ef al.”. And the matrix was
separated using a barium chloride precipitation method as its
determination process. These methods are simpler and they
also avoid the use of an organic reagent compared with
chromazurol S-tetradecyl pyridinium chloride spectrophoto-
metry and chromazurol S spectrophotometry methods™*.
However, vanadium matrix separation remains unavoidable,
thereby rendering the process suitable for laboratory use only.

Therefore the aim of this work is to find the most stable
method for determination of trace aluminium in the vanadium
solution, on the basis of no separation of the vanadium matrix,
the author proposed that V-Al mixed absorbance be measured
directly by phenylfluorone spectrophotometery with Tween-
80® sensitization, then the least squares method was used to
correct the interference of vanadium on aluminium determi-
nation because of phenylfluorone having better performance
and higher sensitivity compared to other reagents as a photo-
metric analysis reagent®'?, its effects are further improved after
adding surfactant''. The method proposed is not only simple
and rapid, but offers good applicability.

In recent years, vanadium pentoxide has been more widely
using in the fields of aerospace, energy, paint, catalysis, lumine-
scent materials, efc.'. However, above fields have extreme
requirements of their raw materials because a raw material
that contains many defect-inducing impurities affects product
quality and performance”. The study of the preparation of high
purity V,Os is thus a current topic of interest. Meanwhile it is
significant to find fast, accurate, detection methods to measure
trace amount of element-particularly aluminium vanadium
pentoxide.

At present, chromazurol S-tetradecyl pyridinium chloride
spectrophotometry and chromazurol S spectrophotometry
methods®* are adopted mainly for determination of aluminium
content in vanadium solution although they suffer drawbacks
including: tedius operation, a lack of rapidity and a need for
toxic reagents. To find a better method, researchers proposed
that vanadium be separated in solution by barium salt precipi-
tation which is able to reduce the vanadium concentration to
10 mmol/L at 25 °C?, for example, barium salt and sodium
chloride were adopted by Lin Ma to separate basic vanadium
and iron in the solution when Chromazurol S spectrophoto-
metric method is used to determine aluminium content in
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EXPERIMENTAL

Principal reagents: NaOH, HCI, NH,Cl, NH; aqueous
solution, Tween-80, sodium tartrate, OP-emulsifier, sodium
dodecyl sulphate were all analytical grade and obtained from
Tianjing Guangfu Fine Chemical Co., Ltd., vanadium pentoxide
and phenylfluorone (PF) were purchased from Xiangzhong
Geology Institute of Hunan. 100 mg/L of aluminium stock
solution were obtained from China’s National Institute of
Metrology.

The absorption spectrum was carried out on a 245-UV
(Shimadzu, Japan). Other experiment were carried on a 723-
spectrophotometer (Shanghai Minggiao Precision Scientific
Instrument Co., Ltd, China).

Method: Transfer 1 mL of standard reserve solution (10.0
mg/L) of aluminium to the 100 mL volumetric flask and add
1 mL vanadium base solution (5 mg/mL), 18 mL sodium tartrate
solution (10 %), 2 mL sodium tartrate solution (10 %), 1 mL
of the 0.1 % phenylfluorone solution and 40 mL distilled water.
Heat the solution for 5 minutes at 45 °C, after cooling to room
temperature; it was diluted with water to the required concen-
tration. Then measure the absorption of the solution by a 723-
spectrophotometer at 560 nm against a blank solution.

RESULTS AND DISCUSSION

Influence of various surfactants on the absorption
spectrum: Absorption spectra were determined for the various
surfactants against a blank solution. Fig. 1 showed that the
maximum absorption wavelength of Al-phenylfluorone only
slightly changed to 577 nm when surfactants were added.
However, the sensitivity greatly influenced the colour reaction
of Al-phenylfluorone. Fig. 1 also showed that the adding an
anionic surface active agent can reduce the sensitivity of the
colour reaction but non-ionic surface active agents increase
it"!, for example, sodium dodecyl sulphate (SDS) reduces the
sensitivity of any colour reaction in the experiment because
of its anionic surface active nature, but the sensitivity of the
colour reaction will be enhanced when adding non-ionic
surface active agents, such as OP-emulsifier (OP) and Tween-
80® with Tween-80® being the highest. When 2 mL of 5 %
Tween-80® solution had been added, the value of € (the
apparent molar absorption coefficient) increased from 2.8 x
10*-1.3 x 10° L mol cm™ Hence, Tween-80® was chosen as
the sensitisation agent for these experiments at 560 nm.

Influence of chromogenic time and chromogenic
temperature on the colour reaction: Chromogenic time and
chromogenic temperature were investigated to assess their
effects on the colour reaction against a blank solution. It was
found during the experiments that colour reaction of Al-
phenylfluorone had precipitation at higher temperatures, for
example, precipitates will be produced at 55, 65 and 75 °C,
therefore their results are not listed here. Fig. 2 showed the
results from tests at room temperature and 45 °C: the colour
time was extended at low temperatures, i.e., the chromogenic
time was over within 1 h at room temperature, by contrast
only 5 min was requested at 45 °C and its value of absorbance
was unchanged in 2 h. Therefore, it was beneficial to the colour
reaction when the temperature was increased without precipitates
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Fig. 1. Influence of various surfactants on the absorption spectra
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Fig. 2. Influence of chromogenic time at different temperatures on the
colour reaction

being produced. Thus, 45 °C was chosen as the chromogenic
temperature and 5 min as the chromogenic time.

Influence of buffer solution dosage on the chromogenic
reaction: Interference of determination was decreased because
of most of the metal ions formed precipitates in the weak alkali
conditions .The research reported that phenylfluorone has
better colour effect in the pH 10 buffer solution'?, therefore
phenylfluorone is chosen for this experiment. Its dosage was
investigated to assess its effects on the colour reaction against
a blank solution. The result as shown in Fig. 3, with increased
buffer solution content, the value of absorbance first increased,
then decreased, with its absorbance basically unchanged
when the buffer solution dosage increased from 12 to 20 mL.
Therefore, 18 mL of buffer solution was chosen for these
experiments.

Influence of phenylfluorone dosage on the chromogenic
reaction: Chromogenic agents greatly influence to the value
of absorbance in the colour reaction, such when the amount
of chromogenic agents added was not enough, the complex-
ation reaction will not carried out completely so that the value
of absorbance declined. Also, the absorbance value will be
changed with the increase of chromogenic agents dose because
of its own colour, to eliminate this influence, these experi-
ments set a reagent blank as their reference and phenylfluorone
dosage was investigated for its effect on the colour reaction.
Fig. 4 apparently indicates that the absorbance value remained
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Fig. 3. Influence of buffer solution dosage on the chromogenic reaction
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Fig. 4. Influence of PF dosage on the chromogenic reaction

unchanged for phenylfluorone dosages above 0.8 mL.
Therefore, 1 mL of phenylfluorone was chosen for these
experiments.

Influence of Tween® dosage on the chromogenic reac-
tion: This was difficult to complete in water because the
sensitivity and selectivity were insufficient and non-ideal for
this colour reaction of the phenyl fluorescence ketone reagent
and and metal ions without surfactants. Surfactant was added
to improve the analysis performance of the reagent and with
reference to Fig. 1 shows that surfactant exerted a significant
influence on the reaction sensitivity. To explore the influence
of surfactant dosage, the amount of Tween-80® was investi-
gated with regard to its effect on the colour reaction. It is evident
from Fig. 5 that absorbance value first increased, then decreased
with arise in the Tween-80® dosage. Absorbance value basically
remained unchanged and reached its maximum at Tween-80®
dosages of between 1.5-2.0 mL. Therefore, 1.5 mL of Tween-
80® dosage was chosen for these experiments.

Influence of sodium tartrate dosage on the chromogenic
reaction and elimination of Fe interference: Iron is the main
interference element except the vanadium matrix interference
for determination of aluminium in the vanadium pentoxide;
because phenylfluorone and many metal ions can produce the
colour reaction arise. According to the literature', it can be
eliminated through addition of an appropriate amount of sodium
tartrate and thus sodium tartrate dosage was investigated with
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Fig. 5. Influence of Tween-80® dosage on the chromogenic reaction

regard to its effect on the colour reaction compared against
a blank solution. It is evident from Fig. 6 that the sodium
tartrate dosage did not affect the colour reaction at quantities
below 3 mL, so 2 mL of sodium tartrate was chosen for these
experiments. Study of which amount of added iron did not
affect the colour reaction 0.20 ug/mL; iron interference could
be completely eliminated to the aluminium concentration
determination in these samples of high vanadium pentoxide.
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Fig. 6. Influence of sodium tartrate dosage on the chromogenic reaction

Building of vanadium matrix interference mathematical
model: the effect of aluminium

Different aluminium concentration absorption curves:
When a large number of vanadium matrix is found, whether
the reaction of aluminium and chromogenic agents fits Beer’s
law or not was investigated through changed aluminium
concentration. Fig. 7 shows that light absorption properties at
560 nm for reaction of aluminium and chromogenic agents fit
Beer’s law, the linear equation is fitted as:

y =0.0379x + 0.0049 (1)

with R =0.9993 within the limits of an aluminium concentration
of 0-25 pug/100 mL.



9530 Yan et al.

Asian J. Chem.

0.4, |

0.38+

0-0 T T T T T
0 5 10 15 20 25 30

VNHB-NH4CI (mL)

Fig. 7. Effect ot ditferent aluminium concentrations on the absorption curve
at 560 nm

Interference of different vanadium to aluminium deter-
mination: Interference of vanadium to aluminium determi-
nation was mainly depended on two aspects as follow: whether
vanadium and phenylfluorone can produce colour reaction or
not, what is the change of colour reaction like if the said colour
reaction was produced? Meanwhile, what is the impact of
vanadium with different concentration on the reaction of
aluminium and phenylfluorone? Therefore, it was investigated
through changed aluminium concentration and vanadium
concentration. Fig. 8 indicates that the absorption curve of
aluminium at 560 nm shifted upwards with the increase of
vanadium concentration and in this up-shifting process, the
multiple by which the vanadium concentration increased was
equal thereto: the linearity of the aluminium absorption curve
was not affected by vanadium concentration, meanwhile, light
absorption properties fitted Beer’s law for reaction of vanadium
and chromogenic agents at 560 nm. So it can be concluded
that the value of mixed V-Al absorbance should be co-planar
with best-fit equation:

A= aCAl + bCV + C (2)

here: A is the value of mixed V-Al absorbance, a, b and ¢ are
constants, C,; is the aluminium concentration of the solution
and Cy is the vanadium concentration thereof (as measured
by V,0Os meter).
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Fig. 8. 3-D graph of different V-Al mixed absorbance value

Least squares fit mathematical model: interference of
vanadium with aluminium: From the above discussions, it
was found that for different vanadium and aluminium concen-
trations that data point (x;, yi, z:),1=1,2, 3,4, ..., N=15,
which provided a best-fit to the model’s plane equation: A =
aCa + bCy + ¢, according to the least squares principle'®, then
the total error may be represented as follows:

n
Q@,b,0)= D [A; =@C,, +bCy +0)F =min (3,
i=1
According to the fundamental theorem of calculus, the
solutions were attributed to solve extreme value of ternary
function Q (a, b, ¢), i.e., a, b and ¢ should satisfy the equation
as follow:

N _(NQ_(R_,

da db  dc

The equation of ternary function Q is:
0

Q(a,b,c) = ZZ[Ai —(@C,, +bCy +0)1(=Cy; ) =0 (g)
i=1

That is to say:

aZCAl? +bZCA1iCVi +CZCA1i = ZCAliAi &)
i=1 i=1 i=1 i=1

By the same measure two equations may be obtained as
follows:

azn:CAlini +bzn‘,cv? +CZH:CVa =Zn:cVaAi (©6)
i=1 i=1 i=1 i=1
n n n
aZI:CAl‘ +bZ_l:CVi +eN= ;Ai (7)

According to Table-1’s data, eqns. 5-7 are written as
follows:

4125a + 2250b + 225¢ = 161.26 ®
2250a + 1750b + 150c = 89.455 C))
225a + 150b + 15¢ = 8.873 (10)

Thus: a = 0.0376, b = 0.002902 and ¢ = -0.0015. The
expression of mixed V-Al absorbance measurement value is
written as follows: A = 0.0376C4 + 0.002902Cy - 0.0015,
from which the aluminium ion concentration whose mixed
absorbance was determined from the mixed V-Al solution of
known vanadium concentration is found.

Mathematical modelling of aluminium concentration
in the mixed solution of standard vanadium and aluminium:
Mixed absorbance solutions were tested in a series with a
certain amount of mixed V-Al solution against reagents blank
and results are listed in Table-1. It can be seen from Table-1
that calculated values of the aluminium concentration were
close to standard values, from which the maximum relative
deviation was 1.87 %. The relative deviation of all results was
less than £ 2 %. These results potentially demonstrated the
method’s accuracy, reliability and ability to meet the test
requirements.
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TABLE-1

RELATIONSHIP CONVERSION IN DIFFERENT VANADIUM-ALUMINIUM CONCENTRATIONS

Cu Cy A C,2 C.2 Cuy xCy CyxA C,x A
1 5 5 0.199 25 25 25 0.995 0.995
2 10 5 0.393 100 25 50 3.93 1.965
3 15 5 0.576 225 25 75 8.64 2.88
4 20 5 0.768 400 25 100 15.36 3.84
5 25 5 0.95 625 25 125 23.75 475
6 5 10 0.212 25 100 50 1.06 2.12
7 10 10 0.408 100 100 100 4.08 4.08
8 15 10 0.59 225 100 150 8.85 5.9
9 20 10 0.782 400 100 200 15.64 7.82
10 25 10 0.964 625 100 250 24.1 9.64
11 5 15 0.227 25 225 75 1.135 3.405
12 10 15 0.423 100 225 150 4.23 6.345
13 15 15 0.605 225 225 225 9.075 9.075
14 20 15 0.797 400 225 300 15.94 11.955
15 25 15 0.979 625 225 375 24475 14.685
X 225 150 8.873 4125 1750 2250 161.26 89.455

TABLE-2 as the instruments were sufficiently stable, accurate and reliable.

ANALYTICAL RESULTS SHOWING CALCULATED
ALUMINIUM IN STANDARD V-Al MIXED SOLUTION

Added Added Calculated Relative
aluminum (ug)  vanadium (mg) aluminum (ug)  deviation (%)

5 5 5.08 1.59
5 10 491 -1.87
5 15 5.03 0.52
10 5 10.11 1.06
10 10 9.91 -0.94
10 15 10.08 0.79
20 5 20.16 0.8

20 10 20.17 0.86
20 15 19.97 -0.14

Conclusion

Compared with reported results, the method has advantages
of simple, quick, accurate, reliable, with opportunities arising
for its application in both laboratory and industrial environ-
ments.
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