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Abstract

Findings are sometimes beyond the objectives of a research and development (R&D) project. This
was the case with the Improved Low Temperature Digestion (ILTD) Process. The Updated ILTD
Process will shortly be introduced as a state-of-the-art technology for processing gibbsitic
bauxites. The Updated ILTD Process is most viable for bauxites or aluminous laterites with high
reactive silica content, although this process is associated with several other benefits beyond the
saving in the NaOH consumption. A method that makes possible to determine the amounts of
important minerals (gibbsite and kaolinite) well below the detection limits of the X-ray
diffractometry (XRD) is presented in the paper. A more accurate method for the calculation of
the theoretical extraction yield for gibbsite in comparison with the conventional approach is
proposed. A novel method for the calculation of the savings in primary energy consumption is
explained and proposed. The breakdown of the additional investment costs to the ILTD Process
and sintering-leaching step is also provided. The use of the sintering and leaching of DSP
(desilication product) by-product for the elimination of the organic impurities at the same time is
also explored.

Keywords: ILTD Process, DSP (desilication product), Recovery of soda and alumina, Waste free
alumina production.

1. Introduction

There are excellent quality gibbsitic bauxites at different tropical regions of the World in large
amount. One of the estimates suggests that the bauxite resources (i.e. reserves plus sub-economic
and undiscovered bauxites) are expected in the range of 75—100 Gt [1]. Nevertheless, several
alumina producers do not have access to very good quality bauxites and/or they need to make
compromises when they intend to open a bauxite mine, accept bauxite with lower available
alumina and/or higher reactive silica content than they would like to process. If an alumina
producer is ready to accept worse quality bauxite, the amount of the reserve increases
significantly, as per the well-known tonnage-grade curve [2]. A recent study showed that the
average mine lead time (from the discovery of a mineral resource to the production) continues to trend
upward, reaching 17.9 years for mines coming online in 2020-23 [3] (This study related to gold, copper,
nickel and lithium metals. It is anticipated that a similar tendency exists for bauxite as well).

2. Updated Improved Low Temperature Digestion (ILTD) Process

The concept of the Improved Low Temperature Digestion (ILTD) Process is based on the
observation that in case of sufficient amount of gibbsite is dosaged to the Test Tank Liquor it
consumes almost all the reactive OH-ions during its fast dissolution, a considerable amount of
kaolinite remains undigested [4]. This concept of digestion was extensively studied in bench scale
tests with Trombetas bauxite and other bauxites. The ILTD Process and the Sumitomo processes
are variants of the differential extraction processes [5]. The digestion of the ILTD process is
envisaged to operate at about 150 °C, a caustic concentration in the digester effluent of 240 g/L. C
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(as Na,CO:s), an A/C ratio of > 0.8, meanwhile the Sumitomo process used a digestion temperature
of 135 °C, a caustic concentration of 219 g/LL C after desilication, an A/C ratio of 0.687. The
Sumitomo process operated on a commercial scale for 7 years [6,7], therefore it is reasonably
considered as a proof of concept for the ILTD Process as well. All unit operations of the ILTD
Process have been or were in operation on a commercial scale. The economic viability of the
ILTD Process has been proven by Case Studies [8,9] and a Concept Study [10] though there are
technical risks, such as how the different unit operations interact with one another, that have to
be addressed in piloting. The pilot scale implementation of the ILTD Process concept as a whole
is deemed to be a precondition of the commercial scale implementation and is outstanding. In the
course of the pilot scale implementation the scale-up hypothesis and the operating conditions for
optimum yield would be confirmed, scaling rates of equipment would be assessed, byproducts
with novel characteristics would be manufactured for further studies, etc.

For the time being, the most promising way for the utilization of the DSP (sodalite) by-product is
to submit the crystalline DSP to a sintering-leaching process step. This straightforward process
has been in operation for processing nepheline, bauxite residue with high DSP content and sub-
economical bauxites in Russia and China [11,12], formerly in the USA and Czecho-Slovakia as
well. The sintering-leaching process makes it possible to recover about 90% of the chemically
combined Na,O and Al,O; content of DSP, the resulting sodium aluminate solution can be used
in the Bayer process. The dicalcium silicate (belite) byproduct of this sintering-leaching process
can be used as principal feedstock for making Ordinary Portland Cement (OPC) and/or
cementitious materials. The combination of the ILTD Process and the sintering-leaching is called
Updated ILTD Process [8,9]. The Block Flow Diagram of the Updated ILTD Process is shown
in Figure 1.
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Figure 1. Block Flow Diagram of the Updated ILTD process (excerpt, in yellow) [8].

It has been proven by a recent Case Study that the NaOH consumption could be reduced by about
70 % by the Updated ILTD Process and the material and energy costs by up to about 40 %
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compared with processing of a crude bauxite from Vietnam (VN) [8]. The paradox can be well
explained by that significant amount of kaolinite dissolves at the current ILTD conditions and
becomes DSP byproduct. Some 90% of its Na;O and Al;O; content can be recovered by the
sintering-leaching process step. The beneficiation of the crude bauxite would increase the

production cost, disposal of the gangue material would be associated with further difficulties and
costs therefore they are not needed.

The composition of the two bauxite feedstocks of the Case Study [8] was as follows: AlLOs,otal
39.5 %, AlLO3,givbsite 34.0 %, SiO20ta1 7.5 %, SiO2 xaolinite 6.0 %, Fe203 25.7 %, LOI 21.4 % (1%
May, Crude bauxite, VN) and Ales,tom 49.0 %, A1203,gibbsite 44.6 %, SiOz,total 2.7 %, SiOz,kaonnite
1.2 %, Fex03 18.7 %, LOI 25.16 % (1*' May, bauxite concentrate, VN).

3. Refining of the Quantitative Mineralogical Assessment of Bauxites and Bauxite
Residues

There are some good papers that discuss the quantitative mineralogical assessment of bauxites
and bauxite residues [13-15]. I. Sajé describes the XDB Program that has been used in various
companies, for the exploration of bauxites, research and development purposes, diagnostic and
process control tool in the operation of alumina refineries. A very useful set of information is the
list of approximate standard errors and detection limits for the most important mineralogical
phases in lateritic bauxites is in Table 1 that was borrowed from the paper of Sajo [13].

Table 1. Approximate standard errors and detection limits of the most important minerals
in lateritic bauxites. Standard errors refer to the typical concentration range [13].

[ Typical Standard Errors
Concentration [ wioyt | With | Approx.
Mineral Formula Range Mass Balance LOD

[wifwa] [wiwe] | [wiwd] | [wiwS]

Gibbsite Al(OH), 50-70 5 0.5-1 05
Boehmite | AIO{OH) 0-15 05-2102-035 05
Diaspore AIO(OH) -5 05-1]02-05 0.5
Kaolinite AlL[Si;05(0OH)4] 0-10 2-4 05-1 1
Quartz 50, 0-3 0.5|01-02 0.1
Anatase Ti0, 1-3 03)01-02 0.1
Rutile TiOy 02-1 0.2 0.1 0.1
limenite FeTiO, Q-2 0.5 0.3 0.5
Hematite Fe;04 5-20 1-3 05-11 05-1
Gioethite FeO(OH) 10 - 30 1-5 05-1 l
Magnetite | FesOy 0-1 0.5 0.5 05
Maghemite | FesOy 0-2 1 1 1
Crandallite | CaAly(PO,):(0H)s H,O 0-1 05|01-02 0.5
Zircon Zr5i0, 0-02 0.05 0.01 0.05

According to the paper of Sajo, let us take the standard errors of the XRD pattern with mass
balance as most characteristic values for the determination of the alumina in gibbsite and silica in
kaolinite. The items in Table 1 refer to minerals, the amounts have been calculated to Al,O3,gibbsite
and SiOy,kaolinie- The standard error values obtained are 0.33—0.65 % (abs) for Al>Os,gibbsite and
0.47 % (abs) for SiO2,kaolinite, r€Spectively.
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Several years ago, pre-desilication kinetic tests of a Hungarian bauxite having high reactive silica
were carried out in the laboratory of Aluterv-FKI [16]. The test results were used for the
development of a comprehensive reaction kinetic model and a reaction mechanism [17]. These
concluded in the development of the concept of the Improved Low Temperature Digestion (ILTD)
Process [4]. The digestion step of the ILTD Process was tested and proven by bench scale kinetic
testing. However, as gibbsite dissolved, and a significant part of kaolinite dissolved as well, the
measurement of small amounts of these constituents by XRD method became very difficult,
sometimes not possible. This is why other method was searched for the measurement of small
amounts of gibbsite and kaolinite.

The Chemical Research Centre of Hungarian Academy of Sciences was assigned to check the use
of an up-to-date Fourier Transformed Infrared (FTIR) Spectroscopy for the measurement of small
amounts of gibbsite and kaolinite. Samples of pre-desilication and low temperature digestion
kinetic tests of a bauxite from Venezuela were investigated by transmission IR spectroscopic
measurement method using KBr pellet and two different diffuse reflection IR Fourier-transform
spectroscopic (DRIFTS) measurements. An uncertainty (standard error) of 0.1 % (abs) for
AL O3, gibbsite and 0.07 % (abs) for SiOx,kaolinite Were found using the interactive subtraction DRIFT
method [18].

4. Theoretical Alumina Extraction Yield

The theoretical alumina extraction yield for the conventional LT digestion is defined by
Siklési [19]

ALO3,px — (0.85-1.0) SiO2,ka0 — AL2O3,b0e — AL2O3,diasp — Al2O3,50e — AL O35hem

MNth,LT =
AL O3,bx

During the in-depth investigation of the Low Temperature digestion process, more specifically
the ILTD Process, it was found that the alumina being chemically combined form in kaolinite can
be dissolved to some extent and eventually recovered by the Updated ILTD Process. Therefore,
it is suggested that the chemically combined alumina in kaolinite be left out when the theoretical
alumina extraction yield is calculated. The formula here is therefore suggested for the calculation
of the theoretical alumina extraction yield:

AlZOS,bx - AlZOS,boe - AlZOS,diasp - A1203,g0e - AlZOS,hem

M th,LT,new =

ALO3,px
Based on the composition data of the Case Study in Section 2, a comparison of the conventional
and the proposed formulae of the theoretical alumina extraction yields for a crude and a

beneficiated gibbsitic bauxite are presented in Table 2.

Table 2. Theoretical alumina extraction yields for a crude and a beneficiated bauxite [8].

st st i
Parameter 1¥ May (VN)’ crude | 17 May (VN), bauxite
bauxite concentrate
Theoretical extraction yield, 85.0 90.8
Mth,LT (%) . |
Theoretical extraction yield, 98.9 93.1
T th,LT,new (%) ‘ .
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5. An Estimate for the Primary Energy Consumption for the Conventional Low
Temperature Digestion and the Updated ILTD Processes

It is important to assess the energy consumption in a holistic way. As per the author’s opinion, it
is reasonable to take into consideration not only the direct energy consumption of making
alumina, but the energy consumption that is used for manufacturing NaOH being used for the
production alumina [20] as well. In case of the Updated ILTD Process the energy consumption
for the sintering-leaching of DSP byproduct should be calculated, too. The tentative saving in
energy consumption when C,S (belite) is used as principal feedstock for manufacturing OPC
instead of the conventional way of cement production from crude materials is suggested to be
considered as well [21].

The primary energy consumption for the Conventional Low Temperature Digestion and the
Updated ILTD Processes is shown in Table 3.

Table 3. Primary energy consumption for conventional LT and Updated ILTD processes.
Cl(j:v\‘fle;‘t%znal Updated
wEiemp- | yTD | Saving
Digestion
process
process
GJ/ta GJ/ta
Alumina refinery, wet
section (average, 6.71 5.71
estimated)
NaOH production
(estimated) 2.04 0.59
Sintering of DSP 0 1.09
OPC Clinker
production from C,S 0 -0.42
Total 8.75 6.97 20.3%

6. OPEX, CAPEX and Payback Period Estimates

A summary of the process calculations of the material and energy (M&E) costs of processing
crude and beneficiated bauxite from Vietnam (VN) is in Table 4. The details of the calculations
are in the paper [8]. It might be a paradox that the least M&E cost is obtained when crude bauxite
is processed with the Updated ILTD Process (99 USD/t,). Relatively large part of kaolinite is
converted to DSP, crystallized as DSP byproduct and some 90% its Na,O and Al,O; content are
recovered by the Updated ILTD Process. This is deemed to explain the paradox.

Table 4. M&E costs for the CLTD and Updated ILTD processes and savings [8].

Conventional | ypdated ILTD | Savings by the
: . p- process Updated ILTD Process
Digestion process
M&E cost, M&E cost, o
USD/t, USD/t, USD/t, %
Processing of 1°* May (VN), 160.6 992 04 iLs
Crude bauxite : o . .
Processing of 1°* May (VN), 1592 135.5 237 149
bauxite concentrate ’ : . .
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For the estimation of the additional CAPEX required to build the unit operations of an Updated
ILTD Process instead of a CLTD plant, the data of an earlier Concept Study [10] were escalated
for the production capacity of 1000 kt/year and for 2019, the year just before the outbreak of
COVID. For the sintering-leaching unit a new quote was obtained and re-calculated for the same
year. A recent development of the sintering process [12] has also been considered. A breakdown
for the CAPEX estimate and the payback period are shown in Table 5 [8].

Table 5. Investment cost estimate and payback period [8].

Production capacity, kt/annum 1000

Investment cost estimate for ILTD, MUSD 126.63
Investment cost estimate for sintering-leaching, MUSD 13.20
Additional investment cost estimate, total, MUSD 139.8

Yearly savings, MUSD/year 70.4

Payback period, year 1.99

7. Organic matter, destruction of organics

After gibbsite and reactive silica, carbon compounds are the constituents of bauxite feedstock that
have the most impact on Bayer plant operations. The organic content of bauxites ranges from
0.03 % to about 0.5 % Corg [22,23]. For more details, the Cinorganic included, it is worthwhile to see
the recent paper of Rosenberg [24]. Numerous technical papers and patents discuss the chemical
behaviour of the organic and inorganic carbon compounds, their reactions and effects on the Bayer
process. For a reasonable summary of the state-of-the-art of the impurities management a Chapter
by Healy of a recent book is recommended [25]. He concludes: “While the extensive work on
organics has provided an understanding of their chemistry and balances, most of the work has not
informed major breakthroughs in practical removal processes. [...] Apart from liquor purge, and
input minimization, the industrially proven, economically interesting removal choices today are
wet oxidation or liquor calcination.”

An embodiment of the liquor purge is the Na-oxalate and Na-carbonate crystallisation from the
effluent of the salting-out evaporation (SOE) operating at a caustic concentration of about
500 g/L C. The Na-oxalate and Na-carbonate crystals and other Na-organic salts are filtered with
press filters or other type of filters. The filter cake is placed in a separate area of the bauxite
residue disposal area (BRDA) in big bags. The soda and alumina losses of this solution are
evident.

It seems to be reasonable to recover the soda and alumina content of the salt cake obtained from
the SOE effluent along with the recovery of soda and alumina from DSP by sintering-leaching.
There is no doubt that Na-oxalate, Na-carbonate and other Na-organics would degrade during the
sintering of DSP, anticipated at a temperature of around 1200-1300 °C. Adding an alumina source,
eg. ESP dust, could be used in a stoichiometric amount with 10-20% excess so that sodium
aluminate forms during the degradation of Na-salts. This process step would use the idea of the
liquor burning as disclosed by Yamada and Shibue [26].

During the ILTD Process the metabolism of organic material of the bauxite feedstock is
anticipated to decrease by 50-70 % compared with the Conventional LT Digestion [8]. This and
the total destruction of the Na-salts during the sintering-leaching are anticipated to be major steps
toward a virtually organics- and carbonate-free Bayer process liquor. This combined effect is
deemed to be realistic and viable, though some bench-scale and possibly pilot scale confirmation
and fine-tuning might be needed before a commercial scale implementation.
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8. Conclusions

The Updated ILTD Process concept has been introduced as a state-of-the-art technology for
processing gibbsitic bauxites. The Updated ILTD Process is one of the most viable for bauxites
or aluminous laterites with high reactive silica content, although this process is associated with
several other benefits beyond the saving in the NaOH consumption. A Fourier Transformed
Infrared (FTIR) Spectroscopy method that makes it possible to determine the amounts of
important minerals (gibbsite and kaolinite) below the detection limits of the X-ray diffractometry
(XRD) has been presented. An uncertainty (standard error) of 0.1 % (abs) for Al,O3,gibbsite and
0.07 % (abs) for SiO2,kaolinite Were arrived at using this method. A more accurate method for the
calculation of the theoretical extraction yield for gibbsite has been proposed, especially for the
case of the Updated ILTD Process. A novel method for the calculation of the savings in the
primary energy consumption has also been explained and proposed. Using this novel method,
some 20 % of the primary energy consumption was found to be a possible saving by the Updated
ILTD Process compared with the Conventional LT Digestion Process. The least material and
energy (M&E) cost was arrived at when the crude bauxite would be processed by the Updated
ILTD Process. The breakdown of the incremental investment costs associated to the ILTD Process
and the sintering-leaching step has been provided. Finally, the use of sintering and leaching of
DSP by-product for the elimination of the organic impurities and Na-carbonate at the same time
has also been explored and proposed.
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