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A detailed investigation has been made of the analysis of concentrated alkaline aluminate solutions
(synthetic Bayer liquors) by Fourier transform (FT) Raman spectroscopy. Satisfactory determinations
of AI(OH),;~, SO4* and CO;*" were achieved at industrially-relevant concentrations. Possible
extensions to a number of other inorganic and organic anions of interest to the alumina refining
industry were demonstrated. No significant interferences were observed except for a small but readily
correctable contribution of a minor SO4>~ mode at ~615 cm™' to the AI(OH)4~ envelope centred at
~620 cm~'. Hydroxide (OH") could not be determined with the present FT instrument, due to the low
detector sensitivity at high wavenumbers, but might be possible with other spectrometers. Successful

extension of the analyses to industrial Bayer process solutions is briefly discussed.

1. Introduction

The Bayer process is used world-wide to extract alumina from
bauxitic ores, producing in excess of 50 million tonnes of purified
alumina per year." In essence, the Bayer process involves the use
of hot concentrated caustic soda solution, NaOH(aq), to dissolve
the gibbsite, AI(OH)3, and/or boehmite, AIOOH, present in the
ore. The concentrated alkaline aluminate solutions so formed,
consist mostly of NaAl(OH)4(aq) and excess NaOH(aq).> Puri-
fied gibbsite is then precipitated from such solutions by cooling
and seeding. Simplistically then, the Bayer process can be rep-
resented by the equilibrium

NaOH(aq) + AI(OH);(s) = NaAl(OH)4(aq)

While Bayer plants differ in detail with regard to their oper-
ations, all involve the continuous recycling of these alkaline
aluminate solutions, which are generally referred to as ‘Bayer
liquors’.>* This recycling inevitably results in a build up of
various inorganic and organic® impurities in the plant liquors.
While some of these impurities create no major difficulties in
plant operations, others can be critical and their levels must be
continuously monitored and, where necessary, ameliorated using
appropriate procedures. The nature of such impurities varies
considerably among Bayer plants but typical examples include
sulfate, oxalate, and fluoride. Some of these species are routinely
determined in plant Bayer liquors (PBLs) by a variety of methods
such as ion chromatography, capillary electrophoresis, ICPAES,
and so on. In addition to impurities, analytical monitoring for
process control and optimisation purposes of the key compo-
nents of PBLs: AI(OH),~, OH~ and COs*, is intensive
throughout most stages of the Bayer cycle. The analytical
procedures used to determine these species vary from plant to
plant, with titrimetric methods*® still popular. Nearly all Bayer
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plant analyses, for both major and minor species, are performed
off-line. While this is satisfactory for most operations it intro-
duces limitations with respect to process control and optimisa-
tion. There is therefore a need to develop simple procedures for
determining a variety of species in alkaline aluminate solutions
with the potential for on-line application.

Raman spectroscopy has not been widely used for analyses in
industrial contexts.*® There are many reasons for this. In
particular, analysis of ‘real’ materials by Raman spectroscopy is
often dogged by sample fluorescence (mostly arising from minor
organic impurities) that swamps the relatively weak Raman
signal; spectral accumulation periods are relatively long and
Raman detection limits are generally quite high. Good quality
Raman spectrometers (c¢f. UV-visible equipment) are reasonably
expensive and, at least for typical laboratory instruments, not
very robust. Nevertheless, Raman spectroscopy has some
advantages compared with other analytical methods and
ongoing technological improvements’ have created an opportu-
nity to re-examine its possibilities for the analysis of alkaline
aluminate solutions.

Probably the most important development in Raman spec-
troscopy in the present context is the introduction of near-
infrared laser excitation sources of good intensity. Such sources
produce much less fluorescence than the earlier shorter wave-
length (A) lasers albeit with some loss of Raman intensity (),
since I « A% In addition, the usual advantages of Raman
spectroscopy’ offer good prospects for analyses of relevance to
the Bayer process. These include: relatively uncluttered spectra,
reasonably flat baselines, spectral specificity, weak Raman scat-
tering by water, low wavenumber limits, and the (relatively) good
scattering intensities of certain species'® of specific interest in
Bayer plants.

Accordingly, this paper presents a detailed study of the
potential utility of Raman spectroscopy for the determination of
a number of important Bayer-process species:"* A(OH),~, OH",
CO5>~ and SO4*, in alkaline aluminate solutions. Possible
extension to some other species is also discussed. For demon-
stration purposes, the present measurements have been made in
solutions prepared from reagent grade chemicals but at
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concentrations relevant to typical Bayer-plant conditions, here-
after referred to as synthetic Bayer liquors (SBLs). However, it
will be shown that such measurements can be extended readily to
real plant Bayer liquors.

2. Experimental
2.1 Materials and solutions

All solutions were prepared with high-purity water (Millipore
Milli-Q system). Analytical grade Na,SO,4, Na,COj, Na,C,04
(all 99.5%, BDH, UK) were used as received. Stock solutions of
NaOH (~8 mol/L, hereafter: M) were prepared from analytical
grade pellets (98% w/w, Ajax Chemicals, Australia). The
carbonate content of the NaOH stock solutions was minimized
by addition of solid CaO and subsequent filtration (0.45 um) as
described elsewhere.'! After preparation, the solution was stored
at room temperature in an airtight pyrex-glass container equip-
ped with a CO, trap. Note that the rate of reaction between pyrex
glass and highly alkaline solutions is negligible at room
temperature.!’ Concentrations of NaOH solutions were deter-
mined (to £0.2%) by glass electrode potentiometric titrations
against hydrochloric acid (Concentrated Volumetric Standard,
BDH, UK). Titration data were evaluated by Gran plots and the
ESTA suite of computer programs'? and indicated a carbonate
concentration of less than 0.05% of the total alkalinity
(i.e., <4 mM in 8 M NaOH). These measurements were Cross-
checked by Raman spectroscopy (see below).

Alkaline aluminate solutions of accurately known concentra-
tions were prepared by dissolving degreased aluminium wire
(‘99.99%" grade, BDH, UK) in ~8 M NaOH as discussed in
detail previously.”* The densities of the solutions so prepared
were measured with an Anton Paar DMA 02D high-precision
vibrating tube density meter at (25 + 0.02) °C using air and
distilled water as the density standards. More dilute solutions
were prepared by weight from the stock solutions.

2.2 Instrumentation

Raman spectra were mostly recorded at Murdoch University on
a Nicolet Magna 850 Series II FT-IR spectrometer equipped with
a Magna Raman module using a Nd:YAG laser operating at
1064 nm and an InGaAs detector with a 180° scattering geom-
etry. A laser power of ~750 mW, a resolution of 4 cm~!, and 512
or 1024 scans were used throughout unless otherwise specified.
Spectra were recorded using 5 mm diameter fluorescence-free
NMR tubes at 25 £ 1 °C, unless otherwise specified. The sample
tube was aligned using cyclohexane. Spectral intensities varied by
< +2% while band positions were precise to £0.02 cm ' (Connes
advantage®’). High temperature Raman measurements were
performed using a custom-made attachment (Ventacon, UK Hot
Cell Series H) powered and controlled to 1 °C with a Ventacon
Universal Power supply D2. During measurements at higher
temperatures care was taken to minimise contact time between
the glass tubes and the alkaline solutions; ICPAES analysis
showed no appreciable increase in the Si-content of the samples
over typical measurement times.

Some spectra were also recorded at the Technical University,
Freiberg, Germany, in the macro chamber of a Jobin-Yvon
T 64000 Raman spectrometer, using the green (514.5 nm) Ar*

laser line at 1000 mW power and a 90° scattering geometry in
a temperature-controlled room at (22 4 0.5) °C. After passing the
spectrometer in the subtractive mode, with gratings of 1800
grooves per mm, the scattered light was detected with a cooled
charge-coupled detector. The spectral resolution in the subtrac-
tive mode was typically 3.5 cm~'. Spectra were measured in the
so-called Iyy scattering geometry, obtained with fixed polar-
isation of the laser beam passing the analyser and a half-wave
plate. Band positions in the subtractive mode were reproducible
to ca. £0.5 cm~! and in the additive mode to £0.2 cm™".

All spectra were baseline-corrected and integrated band
intensities were determined using Galactic Grams 32.5
(FT spectra recorded at Murdoch) or LABSPEC 2 (spectra
recorded at Freiberg) software. Four parameters were adjusted
for each mode: bandwidth (full width at half maximum height,
fwhh), peak height, peak position (v,,.x) and the Gauss/Lorentz
factor, RgL. Integrated intensities of the individual bands were
derived from these data using integration limits of v, + 50 cm ™,
except for aluminate which was integrated over the range 450—
760 cm™' for reasons discussed below (Section 3.2).

3. Results and discussion
3.1 Spectral overview

A typical raw broadband Fourier transform Raman (FTR)
spectrum of a concentrated SBL is shown in Fig. 1. The spectrum
is remarkably uncluttered and shows relatively little evidence of
fluorescence (no special precautions were taken to minimise trace
organics). As is well known,'*¢ in alkaline aluminate solutions
at high [AI(II)}r (where the square brackets denote concentra-
tion and the subscript 1 indicates total), the main centrosym-
metric stretching mode of AI(OH),~, centred at ~620 cm™!,
shows some associated relatively low intensity bands at ~535 and
~698 cm~!. The origin of these bands, whose intensities (and to
some extent locations) are concentration-dependent, are still
debated'® but are broadly thought to reflect changes in the
chemical speciation of AI(III). The peak at ~1654 cm™' is the
water deformation mode. The broad H,O/OH™ peak centred at

~3300 cm™' is not properly resolved in the spectrum shown in
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Fig. 1 FT-Raman overview spectrum of a concentrated SBL (4.063 M
NaAl(OH)y, 3.637 M free OH"). For band assignments see text; note the
trace carbonate contamination detected at 1066 cm™".
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Fig. 1 due to instrumental limitations (Section 3.6). Interestingly,
despite the low intensities associated with the present FTR
instrument it was still possible to identify a trace (~8 mM) of
adventitious CO5>~ at 1066 cm™".

3.2 Quantitative determination of [AI(III)]y in SBLs

The value of [AI(IID)] is a critical process variable at almost any
location in a Bayer plant? A quick and straightforward
measurement of this quantity is therefore of considerable
interest, even if it might be less accurate than existing procedures.

Fig. 2(a) shows a series of FTR spectra with increasing
[AIIID]r (= [AI(OH)47]), at a fixed [OH J/[AI(III)]t ratio. These
spectra are quantitatively comparable with those published in the
literature.'*'® As has been shown previously,'® the integrated
intensity (area, 4) of the band envelope from 450 to 760 cm™',
hereafter designated for convenience simply as Agpg, iS propor-
tional to [Al(IIT)]t. Note that this proportionality operates even
though there is some formation of other Al(III)-containing
species. This is because the major Raman modes for such species
also occur within the 450-760 cm~! envelope.'**¢ The calibration
curve obtained over the range 0.6 < [AI(II)]/M < 4.7, which is
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Fig. 2 (a) FT-Raman spectra at 200 = Av/em~' = 1000 of NaAl(OH),4
solutions with 0.6 = [AI(II])]t/M = 4.7 (upper panel) showing the three
modes associated with AI(III) species'**¢ at 535, 620 and 698 cm™'; and at
1000 = Av/em™" = 2000 (lower panel) showing the deformation band of
H,0 at ca. 1642 cm™". (b) Corresponding calibration curve for aluminate.

typical of real PBLs, is a reasonable straight line (Fig. 2(b)) with
a correlation coefficient of R* = 0.997.

Fig. 2(a), lower panel, shows the deformation mode for water,
here centred at ~1642 cm™', for the same solutions. The near
independence of the band area for this mode on [AI(III)]r opens
the possibility of using it as an approximate internal standard.
The calibration curve (not shown), normalised to the area of
thel642 cm~! band, i.e., Agro/A16ao vs. [AI(III)]r, was also a good
straight line with similar parameters to those shown in Fig. 2(b)
but is more robust. For example, it improves the reliability of
measurements of [Al(III)]r made over lengthy periods, without
the need for continual calibration. Best accuracy is still of course
achieved by conventional calibration. The precision of the
present determinations of [Al(III)]y is about £4% relative.

3.3 Quantitative determination of SO4>~ in SBLs

Sulfate is a major impurity in some Bayer plants and a minor one
in most. It can have a number of economically significant effects
on operations and therefore is monitored routinely in many
plants.

The FTR spectra obtained when a representative SBL was
spiked with Na,SO4(aq) are shown in Fig. 3(a). Consistent with
the known spectrum of SO4*(aq)'” weak bands are observed at
451 and 1110 cm™" in addition to the dominant symmetric stretch
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Fig. 3 (a) FT-Raman spectra of a moderately concentrated SBL (0.947
M NaAl(OH)y, 0.609 M free OH™) spiked with 0.01 = [Na,SO4//M = 0.5.
(b) Corresponding calibration curve for sulfate (upper panel) and the
effect of sulfate on the aluminate mode (lower panel, see text).
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at 981 cm~'. On the other hand, the weak bending mode at
615 cm~'is subsumed by the AI(OH),~ mode centred at 620 cm™".
The calibration curve for SO4*~(aq), using the integrated area of
the 981 cm~! band, shows good linearity (R> = 0.999) over the
industrially-relevant concentration range 0.01 < [SO4* /M < 0.5
(Fig. 3(b), upper panel). As would be expected, the addition of
SO4* (aq) affects the observed integrated intensity of the
Al(OH),;~ envelope (Fig. 3(b), lower panel). Measurements (not
shown) of Na,SO, dissolved in NaOH(aq) indicate that the ratio
of the two sulfate band intensities, 4g15/4og1, is independent of
[SO4>7] so it is possible to correct for the effect of [SO4>~] on Ao
by utilising Aog; (Fig. 3(b), lower panel).

Similar sets of spectra (not shown) were obtained using both
the Nicolet and Jobin-Yvon spectrometers for sulfate in a wide
variety of SBLs. The results were essentially identical to those
shown in Fig. 3: calibration curves showed excellent linearity and
the effect on Ago was quantitatively reproducible and correct-
able. Thus Raman spectroscopy appears to be an excellent
method for the quantitative determination of SO4*~ in alkaline
aluminate solutions, with good sensitivity ([SO4>"] = 4 mM with
the Nicolet FTR instrument, lower for the Jobin-Yvon spec-
trometer), a wide dynamic range, linear calibration curves, and
an easily-correctable interference with AI(OH)4".

3.4 Quantitative determination of CO3>~ in SBLs

Carbonate is a critical impurity in all Bayer plants.? It is mostly
formed as the ultimate degradation product of organic matter
(humic substances) present in bauxite ores by the hot, strongly
alkaline aluminate solutions and, to a lesser extent, by absorp-
tion of atmospheric CO,. Carbonate levels are monitored
throughout most plants and controlled by an expensive
‘re-causticisation’ process using lime:'®!?

COs*(aq) + CaO(s) + H,O — CaCOs(s) + 20H (aq)

The FTR spectra obtained for quantitative additions of
Na,COj3 to a representative SBL are shown in Fig. 4(a). The
minor CO3* (aq) bands'®*® at 1376 and 1420 cm™' are hardly
detected but the strong symmetric stretch at 1066 cm~' shows up
clearly. The resultant calibration curve, covering the concentra-
tion range 0.01 < [COs* /M < 0.5, is shown in Fig. 4(b), upper
panel. It has excellent linearity (R* = 0.9997) and there is no
discernible effect on Agyo (Fig. 4(b), lower panel). Again similar
measurements (not shown) in a wide range of SBLs produced
essentially identical results to those shown in Fig. 4.

3.5 Quantitative determination of C;04>~ in SBLs

Oxalate, C,047", occurs in PBLs as a result of the decomposition
of the organic matter present in typical ores.?' The solubility of
Na,C,04 is rather low (0.26 M in water at 25 °C)* but is
considerably depressed, via the common ion effect, by the high
[Na*] typical of PBLs (e.g., to <0.01 M in 5 M NaOH(aq)).*
Oxalate causes numerous problems in Bayer plants not least
because it is a ‘seed poison’ that inhibits gibbsite precipitation.’*!

Fig. 5 shows the effects of added Na,C,0,4 on the FTR spec-
trum of a dilute SBL. The aquated oxalate ion?* has its main peak
at 903 cm™!, with weaker modes at 438, 1308, 1456 and
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Fig. 4 (a) FT-Raman spectra of a moderately concentrated SBL (0.947
M NaAl(OH),, 0.609 M free OH ") spiked with 0.01 < [Na,COs}/M =< 0.5.
(b) Corresponding calibration curve for carbonate (upper panel);
uncorrected band area of the aluminate envelope (lower panel, see text).

1488 cm~'. Even though C,04> (aq) is a relatively poor Raman
scatterer, the calibration curve (not shown) derived from these
data, based on the band at ~903 cm™' and covering the
concentration range 0.02 < [C,042 /M < 0.1, showed good
linearity (R* = 0.999). However, in more concentrated SBLs
(i.e., with higher [Na*]) the measurement of dissolved oxalate
may become problematic due to the decreased solubility of
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Fig. 5 FT-Raman spectra of a dilute SBL (0.463 M NaAIl(OH),,
0.280 M free OH") spiked with 0.01 = [Na,C,04/M = 0.1.
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Na,C,0,. Detection of C,04>~ in PBLs is also likely to be diffi-
cult because the background noise will be higher (Section 3.11).
On the other hand, satisfactory spectra (not shown) could be
obtained at [C,04%>(aq)] < 0.01 M in a concentrated SBL using
the more sensitive Jobin-Yvon spectrometer.

3.6 Possible determination of OH™~ in SBLs

Hydroxide is one of the most important variables in the Bayer
process and its concentration is monitored closely throughout
typical Bayer plants.? The manufacturer’s stated upper frequency
(energy) range of the present FTR spectrometer is 3700 cm™'.
However, because of the greatly reduced detector sensitivity
at high wavenumbers, the stretching mode of OH (aq) at
~3614 cm~! was not distinguishable from the broad H,O enve-
lope at ca. 3000 to 3600 cm™' (Fig. 1). In contrast, the 3614 cm™"
band was well defined in spectra recorded with the Jobin-Yvon
instrument (Fig. 6). This suggests that it may be possible to
determine OH (aq) either using different Raman instrumenta-
tion or near infra-red (NIR) spectroscopy, in each case coupled
with appropriate chemometric techniques for quantification.

3.7 Possible determination of other anions in SBLs

A number of other anionic species of potential interest in
industrial BLs were briefly investigated.

Silicate. A typical FTR spectrum for silicate, nominally
Si04*"(aq) but more probably SiO,(OH),?> (aq) and a common
minor component in PBLs, is shown in Fig. 7(a). Silicate is not
a strong Raman scatterer®* and its bands are rather broad
(~20 cm™' fwhh) so that they can easily be lost in the baseline
noise. In addition, there was precipitation when Na,SiO4(aq) was
mixed with SBLs of differing composition, probably due to the
formation of sparingly soluble aluminosilicate species of
unknown composition. Nevertheless, ‘SiO4*~ could be detected
at moderate levels in a strongly alkaline SBL (Fig. 7(a)).

Phosphate. Phosphate, PO4*~(aq), has a strong symmetric
stretching Raman mode* at 936 cm™'. This band is well sepa-
rated from the other inorganic species of interest here. For
example, Fig. 7(b) shows the Raman spectrum of a reasonably
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Fig. 6 Raman spectrum (Jobin-Yvon spectrometer) showing the
polarized (upper trace) and depolarized (lower trace) components for
a 5.47 M NaOH solution.
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Fig.7 (a) FT-Raman spectrum of a SBL (0.423 M NaAl(OH)y, 4.650 M
free OH™) with 0.0705 M ‘Na4SiO4” (modes at 770 and 928 cm™!) and
0.01 M carbonate. (b) Raman spectrum (Jobin-Yvon spectrometer) of
a SBL (2.653 M NaAl(OH)y, 2.462 M free OH™) with 0.0561 M Na3PO,
(mode at 936 cm™!), 0.0705 M Na,SO; and 0.01 M Na,COs;.
(c) FT-Raman spectrum of a SBL (2.819 M NaAIl(OH),4, 4.832 M free
OH") with 0.120 M Na3;VO, (modes at 344 and 821 cm™') and 0.02 M
carbonate.

concentrated SBL, containing modest concentrations of PO4*",
SO4* and CO3>"; clearly, all three minor species and aluminate
can be determined without mutual interference (apart from that
discussed in Section 3.3)

Vanadate. The most intense (symmetric stretching) mode for
the vanadate ion, VO4* (aq), which is present in minor amounts
in many PBLs, is centred®® on 821 cm™' and is well separated
from the other species studied here (Fig. 7(c)). Protonated and
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polymeric forms of vanadium(V) are remarkably persistent in
alkaline solutions (spectra not shown). Vanadate species are
problematic in concentrated Bayer liquors because they
contaminate product Gibbsite and because they have a tendency
to form sparingly soluble double salts that contribute to scaling.

3.8 Interferences

Apart from the correctable interference noted earlier of the
SO4* (aq) band at 615 cm™~! on the aluminate envelope centred
on 620 cm~' (Fig. 3(b)) no significant interferences were observed
among any of the species of interest here. Nevertheless, it was
considered worthwhile to make some additional measurements
on various mixed solutions. For example, the FTR spectra
(not shown) of a dilute SBL containing 0.150 M of SO4* and
varying amounts of carbonate (0.019 < [COs* /M < 0.330)
indicated that the major bands for both species (at 981 and
1066 cm™! respectively) had no effect upon each other even at the
highest [CO5*>7]. Similar results (not shown) were obtained at
other [SO4>7)/[CO5*] ratios, for other SBL concentrations, and
for more complex mixtures with other ions of interest.

3.9 Effects of temperature

The effects of temperature on the present spectra are of interest in
the context of possible on-line measurements (the temperatures of
PBLs typically vary from room temperature up to ~180 °C). The
FTR spectrum of a concentrated SBL containing 0.154 M
SO4* (aq) shows (Fig. 8) that the aluminate envelope centred on
620 cm~' and the sulfate band at 981 cm ™' are unaffected over the
temperature range 25 < #/°C = 100. Specifically, both the band
positions and their integrated intensities were constant within
their typical experimental reproducibilities (Section 2.2). The lack
of sensitivity of the aluminate spectra towards temperature is
consistent with previous observations.'*'® Similar null results
(not shown) were obtained for other ions and SBL concentrations.

3.10 Effects of instrumental parameters

No particular attention was paid in the present study to opti-
mizing instrumental parameters. In practical determinations in

———

B SRS IR
ococoooooo

T=55°C

Intensity / a.u.
[SERNN
<

Raman intensity

T=100°C

SRS =W R oMY
coocooocococoocoooe

I . I n T
500 1000 1500 2000
1

Raman shift /om ™

Fig. 8 Temperature dependence, over the range 25 < #/°C = 100, of the
FT-Raman spectrum of a concentrated SBL (4.063 M NaAl(OH),,
3.637 M free OH") containing 0.154 M Na,SO;,.

an industrial context, experience and the specific characteristics
of the spectrometer and the samples will determine optimal
settings.®® Trade-offs will inevitably need to be made,
eg, between speed of measurement and sensitivity. Even so, it is
of interest to know that the Raman analysis of alkaline aluminate
solutions is reasonably robust with respect to major instrumental
parameters (see also Section 3.9).

Fig. 9 shows the effect of the number of scans (ie, scan time) on
the FTR spectrum of a dilute SBL containing oxalate, which is
a rather weak Raman scatterer (Section 3.5). Even after just 4 s
scanning both major peaks (AI(OH),~ at 620 cm™' and
H,O/NaOH at ca. 3300 cm™") are clearly defined even though the
signal to noise ratio (S/N) is low. As expected, S/N increases with
increasing scan number (Felgett advantage®”); even so, the
weaker oxalate peaks, which are barely visible at the sensitivity of
the diagram, require at least 60 s scan time for clear definition.?®
The spectra in Fig. 9 suggest that short scan times (tens of
seconds) should be sufficient for the determination of major
components in BLs whereas trace components may require tens
of minutes of scanning, depending on their scattering strengths
and concentration. Scan time can also be reduced by lowering the
spectrometer resolution, with respect to frequency since scan rate
is proportional to resolution. The analytical information
provided by spectra recorded with a resolution of up to 4 cm™!
(spectra not shown) was identical within experimental error.

3.11 Analysis of industrial plant Bayer liquors

The composition of real PBLs varies widely, both within a given
plant and between plants, ranging from, for example, cool dilute
‘spent’ liquors to hot supersaturated highly concentrated ‘green’
liquors.™® The analysis of each type of solution and each
component has its own particular difficulties. The extension of
the present measurements on relatively clean synthetic BLs to
real plant BLs must overcome numerous practical problems that
are not addressed here. Potentially one of the most difficult of
these problems is the presence of significant amounts of dissolved
organic compounds derived from humic and other organic
materials in the ore. Such species typically fluoresce strongly but,
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Fig. 9 FT-Raman spectrum of a dilute SBL (0.436 M NaAl(OH),,

0.280 M free OH ") containing 0.102 M Na,C,0,, as a function of number
of scans and approximate measurement time (ty,).
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Fig. 10 Raw FT-Raman spectrum of a trim-discharge plant Bayer
liquor: upper curve, unfiltered; lower curve, filtered (0.45 um).

as explained in the Introduction, this problem is largely side-
stepped by using a near-IR (1064 nm) laser excitation source.

Fig. 10 shows the raw FTR spectrum of a ‘trim-discharge’
liquor from the Worsley alumina plant in south-western
Australia. As might be expected from the organic content of this
sample, which was strongly coloured, the baseline is higher than
those observed in SBLs (¢f. Fig. 1). Nevertheless, the spectrum
remained uncluttered and the major modes for Al(OH); (aq)
and SO4*(aq) at ~620 cm™' and 981 cm™' respectively were
readily identifiable; a small amount of COs* (aq), barely
discernible at the sensitivity of the diagram, was also detected.
Quantification, by calibration curve for AI(OH),~ and standard
additions for SO4*~ and COs;*, indicated concentrations of
4.4 M, 0.089 M and 0.012 M respectively, consistent with plant
analyses using standard procedures. Also shown in Fig. 10 (lower
curve) is the raw spectrum of the same sample after filtration
(0.45 pm). While the background intensity was slightly reduced
due to a decrease in Mie scattering the analyses were unaffected,
i.e., the band positions and integrated band intensities were the
same within the usual experimental uncertainties. Similar results
(not shown) have been obtained on other plant liquors of widely
varying composition.

In summary, the data outlined above indicate that Raman
spectroscopy offers good prospects for the determination, at
industrially-relevant concentrations, of a number of key species
of interest in real Bayer process solutions.
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