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Abstract

To promote bulk amount of bauxite residue (BR) utilization as industrial raw material, cost-
effective and efficient reducing total alkali content (XR>O = Na,O + K,0) below 1 mass % shall
be achieved.

Following on from the RemovAl project the efficiency of carbon dioxide neutralization of BR
was studied. Chemistry of the process was examined, and expert evaluation was performed to
assess the availability of implementation of the carbon dioxide method under the process
conditions of an alumina refinery. Some limitations were determined. Competitive abilities of
carbon dioxide and lime BR neutralization methods were evaluated.
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1. State of the Problem

Bauxite residue (BR) can be used as industrial raw material only if a cost-effective and efficient
technology is available for reducing the alkali content (XR20 = Na;O + KO < 0.5 mass %) and
the moisture content (W =~ 25+30 mass %) in BR. A traditional method of BR neutralization
comprises processing BR with lime to recover the alkali and return it to the Bayer process.
However recently a number of alternative methods have been studied on both laboratory and
industrial scale which combined BR preparation for secondary use and reducing the carbon
footprint from alumina production. These methods are discussed below.

1.1 Lime Neutralization

In the 1930s, a method of BR neutralization with lime was proposed that enabled to decompose
desilication product (DSP) with alkali dissolution in form of NaOH [1]. The process is based on
the reaction of DSP decomposition with lime:

Na,O-Al>03-2Si0,-2H,0 + 4Ca(OH), = 2NaOH + 3Ca0-Al,03 mSiO,-(6-2m)H,0 + €))
nCaO-SiO, xH»

Following lime regeneration BR is filtered on a filter press to separate the cake with a moisture
content of <30 %; and the resulting caustic alkali solution is returned to the mud circuit of the
alumina refinery [2]. A significant part of the lime regeneration costs is compensated due to the
following:

e the return of caustic alkali to alumina production to compensate for losses;
o the sale of neutralized and dehydrated BR to customers;
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e orreduction of environmental payments for disposing waste of a lower hazard class using
ultra-dry storage technology, which increases the usable capacity of the bauxite residue
disposal area.

However if neutralized and dehydrated bauxite residue cannot be used as industrial raw material,
the extensive use of lime neutralization technology at alumina refineries is doubtful, since use of
lime increases the carbon footprint of alumina production, which is on average equal to approx.
1.2 t CO; t/'t AlLOs.

1.2  Acid Neutralization

Acid neutralization involves treating BR with sulphuric (in rare cases hydrochloric) acid with
DSP decomposition and Na,O dissolution in form of sodium sulphate Na,SO4. Spent sulphuric
acid solution from chemical cleaning of the heating surfaces of heat exchangers and/or
evaporators to remove scale formation is often used for this purpose. Acid reduces pH level of
BR liquid phase from > 13 to < 8 and facilitates the dissolution of up to 85 % NaO in form of
NaSOs [3]. In order to reduce acid consumption and to resolve the issue of disposal of the
resulting sulphate solution CSIRO proposed to treat the sulphuric acid solution from BR
neutralization using electrodialysis process. This method enables to return Na,O to the Bayer mud
circuit while feeding sulphuric acid to the beginning of the process to neutralize the fresh batch
of bauxite residue [4]. This closed process of acid neutralization followed by electrodialysis has
not been pilot tested, so no feasibility data of the process or actual implementation experience are
available.

1.3  Cold CO; Treatment with Complexion

Complexion is a complex nitrogen containing organic substance making strong bonds with most
cations [5]. Complexion treatment of DSP in the presence of CO, (required for pH regulation)
results in DSP decomposition and dissolving salt of a complexione with aluminum (AlY), solution
of sodium hidrocarbonate (NaHCQ3) and silica gel Si(OH)4 as follows:

complexonate Na,0-Al,05-1,7Si0,-2H,0 % o,
spent liquor DsP

\\
[AIY] NaHCO, | Si(OH),

\ J

liquor
Figure 1. Cold CO; treatment with complexion for DSP decomposition.
Further processing successive steps include: separation (filtration) of silica gel; separating
(filtration) dawsonite, i.e. sodium and aluminium hydrocarbonate NaAlCO3(OH),. When heated
to > 600 °C dawsonite decomposes in two stages to sodium aluminate NaAlO, with a loss of
crystalline hydrate moisture and CO; groups:

Na,O-ALLO;-2C0O3-2H,0 — Na,O-ALO; +2C0O,71 + 2H,07 2)
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The obtained dawsonite or sodium aluminate is returned to alumina production. Active silicate
(up to 80 % Si0O,) can be used as an active additive in the construction industry. Iron titanium
concentrate (up to 75 % Fe,0s3, > 7 % Ti0O) is unlikely to be used in ferrous metallurgy, but it
may be utilized as a Fe-containing additive for portland cement production. Use of carbon dioxide
in BR complexonate decomposition reduces the carbon footprint of alumina production which
makes this technology rather promising. However the bottleneck here is the lack of a cheap and
effective way to recover Na,Y complexion from the spent liquor so that to return it to the
beginning of the process for neutralization of the fresh batch of bauxite residue. Unless an
effective solution to recover the complexion without generation of acidic tailings or significant
increase of energy consumption, this method will not be implemented on a wide scale.

1.4  Use of Organic Acids

BR neutralization with formic acid and reducing carbon footprint. The technology involves
the synthesis of a weak solution of formic acid H>CO, (or HCOOH) using carbon dioxide from
the exhaust gases of the alumina production at an ambient temperature using one of the currently
developed technologies [6—8]. Then DSP and calcium hydrogarnets (HG) in BR are decomposed
at nearly ambient temperature with the use of 10-15 % formic acid to generate formate salts
(including aluminum, sodium, calcium, etc. formates), and iron-containing concentrate is filtered.
The obtained solution of Na, Ca and Al formate salts is regenerated to obtain spent formic acid
solution which is returned to neutralization of a fresh batch of bauxite residue, while sodium
aluminate is returned to alumina production. This technology effectively solves the problem of
reducing carbon footprint and does not generate additional tailings from production. The
technology of formate salts regeneration is currently being developed and is not industrially
implemented, cost-effective and efficient method of producing formic acid from exhaust gases
with a low carbon dioxide content (CO, < 8 vol. %) is also under development.

1.5 BR Neutralization with Carbon Dioxide

In 2007 ALCOA developed and implemented a process for BR neutralization with the use of
concentrated CO, at the Kwinana alumina refinery (Western Australia). This process allows
reducing pH of the liquid phase and emissions of greenhouse gases (i.e. emissions of CO; into the
atmosphere) [9]. The carbonization process has been implemented due to the availability of a low-
cost source of CO; near the refinery. Use of CO; provides for partial BR neutralization and allows
reducing pH of the BR slurry to some neutral level; besides, it also enables the utilization of
greenhouse gases. The amount of CO, absorbed by BR liquid phase at the Kwinana refinery
amounted to 1.4 kg/t of BR (as dry matter). In fact, due to partial sorption of carbon dioxide by
the slurry, the ALCOA process requires 30+35 kg of CO; per tonne of bauxite residue (dry
weight). Accordingly, the actual CO; utilization is less than 5 % of the gas consumption for
neutralizing the BR slurry.

The treatment of bauxite residue with carbon dioxide in an autoclave under pressure (Pco> to 40
atm) and at a temperature of up to 80 °C was also studied [10]. As an advantage, it is indicated
that up to 87 % alkali can be extracted from sodium hydroaluminosilicate. However, the
additional anions contained in the sodium hydroaluminosilicate (SOs; and Cl) are barely
transferred to the solution, while the decrease in the amount of sodium hydroaluminosilicate is
insignificant.

A side effect is that when bauxite residue is treated with CO, at ambient temperature; when pH
value drops below 9.5, tricalcium hexahydroaluminate (3CaOxAl,O3x6H,O or TCA)
decomposes to calcite and X-ray amorphous aluminium hydroxide AI(OH); [11] or agglomerates
consisting of AI(OH); and dawsonite [12]. The speed of this process increases as CO, pressure
increases, but as pH value approaches to ~ 7, the rate of calcite formation decreases and mainly
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dawsonite is formed. This is due to the fact that as the partial pressure of Pco; increases from < 0.1
to > 1, pH value of the liquid phase decreases from = 10 to = 7. This reduction in pH is caused by
CO; sorption by aqueous solution. Under conditions of CO; high partial pressure, presence of
H>COs in the solution and a low temperature (T = 20+5 °C), gibbsite is formed from aluminium
released from TCA through pseudoboehmite, which is thermodynamically unstable under these
conditions:

3Ca0-ALO; 6H,O +3CO, — 3CaCOP; + x 2A1(OH); + 3H,0 3)

The authors [10] also believe that boehmite AIOOH contained in BR also passes into gibbsite
Al(OH)s.

1.6 Calcification — Carbonation Method

This is a combined method of lime regeneration followed by carbon dioxide pressure treatment
[13]. According to the proposed method overlapping of two processes occur: 1) lime regeneration
for DSP decomposition to obtain TCA and caustic solution (see Formula (1)) and their separation;
2) processing with carbon dioxide for 2 hours at 120 °C to decompose TCA in order to obtain
calcite and gibbsite (see Formula (3)) [14]. Then this calcified and carbonised BR is additionally
leached with a diluted caustic solution (NaOH =~ 100 g/dm®) at a temperature of + 60 °C to
dissolve aluminium from secondary gibbsite. The resulting low-alkaline and low-alumina residue
is filtered and sent to the customers for cement production. The proposed method appears to be
complicated, labour-intensive and costly. Moreover, its economic viability provokes some doubts.

1.7 Selection of Research Trend

Of the full range of discussed processes, the method of BR direct treating with carbon dioxide
under pressure seems to be the most prospective both for neutralization of bauxite residue and
reduction of carbon footprint from alumina production. Due to the high level of alkali dissolution
(up to 87 %) from DSP, as specified in [10], the following was decided to be carried out:
e to study DSP behaviour mechanism when BR is pressure treated with carbon dioxide at
different temperatures, and the actual extent of this process
e to assess the behaviour of tricalcium hydroaluminate (TCA) and calcium hydrogarnet
(HG) during CO, treatment, i.e. to determine whether BR treatment with carbon dioxide
enables to reduce the carbon footprint due to HG decomposition into calcite and/or
calcium hydrocarboaluminate
e to evaluate the competitive performance of BR lime neutralization and carbon dioxide
treatment.
This paper discusses the obtained results.

2. Tests on BR Treatment with Carbon Dioxide

The present research was conducted using BR samples from the following refineries:
e Aughinish (Ireland) processes a mixture of Brazilian and Guinean gibbsite bauxite
e Ewarton (Jamaica) processes Jamaican gibbsitic bauxite
e Tulcea (Romania) processes a mixture of tropical gibbsite bauxite but mainly from Sierra
Leone
e AoG (Greece) processes Greek diasporic bauxite.

BR slurry was treated with 100 % carbon dioxide under pressure at a specified temperature using
Parr reactor unit (USA) (Figure 1).
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1 —reactor, 2 1
2 — carbon dioxide container
3 — reducer
4 — stirrer (propeller)
~ 5 — gas pressure gauge in the autoclave
6 — autoclave temperature control unit
7 — tube for continuous removal of CO; from
the reactor
8 — sample point for slurry extraction during
the experiment.

Figure 2. Unit for treating BR slurry with carbon dioxide under pressure.

The reactor was equipped with a mechanical stirring device (350 rpm). This speed made it
possible to virtually eliminate the effect of CO, bubble coalescence under the stirrer and distribute
the bubbles in the slurry. 100 % technical-grade carbon dioxide from 56 atm cylinder was used
for gassing. The gas was fed through a reducer to the bottom of the reactor into the slurry under
the propeller stirrer. The pressure in the carbon dioxide autoclave was ~ 40 atm. Carbon dioxide
(CO,) flow was measured using Mass View MV-104 electronic rotameter (Netherlands) and
amounted to 0.43 ndm?/min in all experiments. The slurry for gassing was prepared using distilled
water. L/S ratio in the initial slurry was 5:1 (by mass) with account of the moisture content in BR,
DSP, HG or their mixture. The gassing was carried out for 2 hours at 50 °C. After the slurry was
prepared, pH was measured.

The obtained results on decreasing the amount of Na>Oyal in BR are shown in Figure 3.
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Figure 3. Results of tests on decreasing the amount of Na;Ota1 in BR using the CO;
gassing method.
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Table 1. Semi-quantitative phase and mineral composition of bauxite residue (before and

after gassing).

Intensity of characteristic lines (d / I, A / cps)
I S | . g 3“0< s |g |E
o [N - = - 5 o= = ‘7 =
Refinery/ S| E o S| B S| S oef| gt T oo ST 2w EYET ES
BRdescription 2w E = &S 5w 8w csolSaEx255 2528 ES|ER
RS 2 E G EN E e NS A 5 EvEc|EN
SV YA O""__véN<m:<m \oE STENS |8
< e
AoG (Greeee) | 501 6o | 700 | 125 | 170 |2700] 100 | 60 | 430 | 130 | 80 | 130| - | 45 | -
initial BR
A0G (Greeee) | 001100 | 780 | 125 | 200 [2730] 100 | 50 | 460 | 50 | 50 | 110 | . | 54 | 100
BR after gassing
Tulcea (Romania) | 4| 50 || 500|920 671 | 50 | 30 [350 [350 | 70 | 40 | - | - | -
initial BR
Tulcea (Romania) | 40 | 30 | | 490|990 [670 | 44 | 30 |470 [310| 60 | 40 | - | - | -
BR after gassing
Ewarton (Jamaica) | 330 | yeo | | 65 860 | 560 [400 | 70 |350 |230 | . | 80 | - | - | -
initial BR
Ewarton (Jamaica) | 3 0 | 1301 | 50 850 530 [400 | 60 | 580|153 | er. |40 | - | - | -
BR after gassing
Aughinish (Ireland) | 5501 30 1 50 200 | 790 [1950] 100 | 160 | - | 245|300 |395| - | - | -
initial BR
Aughinish (Ireland) | 5301 4o 1 4 | 150 | 550 |1750| 100 | 180 | 50 | 170 | 260 | 550 | - | - | -
BR after gassing

The obtained data show that the conversion of Na;Oyoal to the liquid phase for BR from different
refineries varies widely, ranging from 15 % to 88 %, which can be attributed to the following

réasons:

o different content of three alkali types, i.e. (1) washable; (2) sorbed; (3) chemically bound in

BR

o presence of different DSP types (sodalite, noselite, cancrinite) formed during the pre-
desilication, digestion, sweetening, thickening and washing. Their resistance to carbon
dioxide treatment varies and depends on a number of factors

e conditions of carbon dioxide treatment including residence time and temperature. The paper
[11] shows that at treatment temperatures of below 60 °C, released sodium remains in a
solution in form of sodium carbonate Na,COs; or sodium hydrocarbonate NaHCOs. At a
temperature of > 80 °C, dawsonite NaAlCO3(OH); is formed, which precipitates and remains

in bauxite residue thus reducing the effectiveness of neutralization.

Carbon dioxide treatment enables to significantly reduce the alkali content, but the Na,Oyoral target
value of < 0.5 % has not been achieved.

The semi-quantitative phase and mineral analysis of bauxite residue (Table 1) before and after
gassing showed that the following phases have undergone major changes:

e DSP amount decreased

e the amount of calcium hydrogarnet (HG) decreased

e the amount of calcite increased.

The content of gibbsite and boehmite in BR before and after treatment did not show any
significant change.
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To promote better understanding of the behaviour patterns of DSP and HG it was decided to carry
out CO; pressure gassing tests using synthesized phases.

3. Tests on DSP Treatment with Carbon Dioxide

DSP synthesis. DSP synthesis was conducted as similar as possible to actual DSP generation in
BR during the bauxite digestion. The synthesis was carried out using enriched kaolinite from the
Troshkovskoe kaolinite deposit which consisted of 97 % kaolinite Al>Si,Os*(OH)4 and 3 % alpha-
quartz.

The conditions of DSP synthesis were taken from the previous studies [15]:

o the ratio of kaolinite (as dry matter) to synthetic spent liquor L/S = 10:1 (by mass);
e  synthesis temperature: + 230 °C;

e  synthesis time: 90 minutes at reaction temperature.

The chemical composition of synthesized DSP is shown in Table 2.

Table 2. Composition of synthesized DSP.
SiOz A1203 Fe203 TiOz PzOs Ca0O MgO Na;O Kzo SO3 LOI

333 |1 29.8 1092 | 0.37 |<0.02| 04 | 0.3 |20.3 [<0.15| 0.8 16.2

Init.
DSP

Phase composition of synthesized DSP as per XRF data was as follows:

e calcium cancrinite 3.8Na;0-0.1Ca0-3A1,05-6S10,-2C03-2.2H,0 79 %,;
L] noselite 4Nazo'2.5A1203'0.5F€203'0.5Ti02'5$i02'SO3'5H20 9 %;
e sodalite 4Na,O-3A1,05-6Si0;,-Cl,-H,O 9 %.

Average estimated DSP formula is as follows:
3.7Na;0-2.87A1,05:0.079Ca0-5.79S10,°1.58CO0O;:0.04Fe203-0.045Ti02-0.09S05:0.09Cl,-2,3H,0.

In fact, BR always contains a mixture of different forms of DSP, as they are synthesized under
different process conditions, including the following:
e pre-desilication of the raw slurry at 90—100 °C
digestion at > 210 °C
"sweetening" in the separation circuit at ~ 130—175 °C
post-desilication of the digested slurry at ~ 105 °C
thickening and washing at 80+95 °C.

Therefore, we assume that the obtained DSP mixture represents the BR composition and can be
used for further research.

DSP pressure treatment with carbon dioxide was carried out using the same equipment and
the same procedure as BR treatment (see section 2). Wet synthetic DSP was dissolved in an
aqueous solution containing 5.0 g/dm? of sodium carbonate Na,COs. L/S ratio in the initial slurry
was 10:1 (by mass) with account of DSP moisture content.

pH value of the initial slurry after DSP reslurrying (before the test) amounted to 13.1 (at + 21.6
°C).

During gassing tests slurry samples were taken directly from the reaction zone using a special
sampler (Figure 1, item 8). The volume of samples taken was approximately 50 cm®. Immediately

433



TRAVAUX 49, Proceedings of the 38" International ICSOBA Conference, 16 — 18 November 2020

after the sampling the precipitate was filtered and pH in the liquid phase was measured. The
resulting precipitate was dried on a filter press and washed with 100 cm? of distilled water at a
temperature of 60+70 °C. The dried precipitate was analyzed for chemical and phase composition
and particle size distribution.

Table 3 shows the chemical and phase composition of the obtained precipitate. Gassing lead to
changes in DSP composition due to reduction of Na,O content from 20 % to 15-17 %.

Table 3. DSP composition treated with carbon dioxide (moles).

T, . Chemical cor:1p0s1tlon, Mole fraction DSP composition*
oC Time mass%
Na20 |ALOs| SiO; | LOI | Na;O |ALLO3] SiO2 | LOI

Initial DSP | 20.3|29.8 |33.3|16.2| 1 1 1.9 | 3.1 | Na;O x ALO3x 1.9 SiO2x 3.1 H20
1 16.5 | 355 | 30.3 | 15.1 | 0.76 1 1.45 | 2.4 ]0.76Na20 x Al203 x 1.45Si02% 2.4 H20

20 2 16.3 | 355 | 30.5 | 15.4 | 0.76 1 1.46 | 2.46 |0.76Na20 x Al,Os3 x 1.46Si02 x 2.46 H20
3 16.1 | 353 | 30.2 | 15.6 | 0.75 1 1.45 | 2.5 |0.75Na20 x Al203 x 1.45Si02% 2.5 H20
4 15.8 | 35.7 | 30.8 | 15.2 | 0.73 1 1.47 | 2.4 ]0.73Na20 x Al203 x 1.47Si02x 2.4 H20
1 17.5 | 343 | 295 | 15.4 | 0.84 1 1.5 | 2.5 | 0.84Na20 x Al20s3 x 1.58i02x 2.5 H20

80 2 19.0 | 32.5 | 284 | 17.2 | 0.96 1 1.49 | 3.0 ] 0.96Na20 x Al203 x 1.49Si02x 3.0 H20
3 194 | 32.1 | 289 | 17.8 | 0.99 1 1.53 | 3.1 ]0.99Na20 x Al203 x 1.53Si02x 3.1 H20
1 17.4 | 348 | 30.7 | 13.5 | 0.8 1 1.5 | 2.2 | 0.8 NaxO x AlO3 x 1.5 SiO2x 2.2 H20

100 2 17.3 | 34.6 | 30.5 | 13.5 | 0.82 1 1.5 | 2.2 ]0.82 Na2O x AO3 x 1.5 SiO2x 2.2 H,0
3 17.5 | 347 | 31.0 | 13.4 | 0.83 1 1.5 | 2.2 ]0.82 Na2O x AO3 x 1.5 SiO2x 2.2 H,0
4 17.8 | 343 | 30.7 | 13.2 | 0.85 1 1.5 | 2.2 |0.85Na20 x AlO3 x 1.5 Si02x 2.2 H,0

Note:* DSP composition was calculated based on Al,O3 content equal to one.

The analysis of the obtained results showed that the following processes occurred in the slurry

during the gassing process:

part of Na,O from DSP dissolved into solution, which caused increase of Na,Oiotal
concentration from 3 to 13-20 g/dm?, i.e. by 4+7 times. Therefore, from 17 to 27 % of
NayO can be extracted from DSP
as a result of sorption, 80-85 % sodium carbonate passes into sodium bicarbonate leading

to reduction of pH of the liquid phase from > 12 to ~ 8.2

when the process is carried out at 20 °C, sodium content in the product decreases after
gassing while alumina content is maintained, and, consequently, the molar ratio Na,O:
ALOs in DSP decreases from 1 to ~ 0.75.

X-ray diffraction analysis shows that the following changes occur in the bauxite residue:

e substitution of NaOH embedded in DSP crystalline structure as an additional anionic
group for CO,. This is probably one of the reasons for decrease of sodium content in
the product after gassing, and therefore the resulting decrease of Na,O:Al,Os ratio

from 1 to ~0.75

e during the gassing at a temperature of 20 °C there was a small amount of gibbsite in
the BR, and at a temperature of + 80 °C there were trace amounts of dawsonite due to

DSP partial decomposition.

The residence time at a temperature of ~ 20 °C shall be ~ 1 hour. At a temperature of above 20
°C and residence time of more than 1 hour there is not any significant increase in the alkali amount
dissolving from DSP to the solution.

434




TRAVAUX 49, Proceedings of the 38" International ICSOBA Conference, 16 — 18 November 2020

4. Tests on TCA Treatment with Carbon Dioxide

Synthesis of TCA. In order to study the behaviour of tricalcium hexahydroaluminate treated with
carbon dioxide under pressure, TCA was synthesized. The conditions of TCA synthesis were
taken from the previous studies [16].

TCA was obtained by reaction of the aluminate liquor with lime. Reactive lime CaO of CP grade
with an activity rate of 86.1 % was used as lime. The dosage of lime in the aluminate liquor was

calculated based by obtaning a ratio of CaO,./Al,O3 = 1.5 (by mass) in the reaction slurry.

The obtained synthetic TCA was analyzed for moisture content, while the chemical and phase
compositions were analyzed using XRS and XRF methods (Table 4 and Figure 3).

Table 4. Chemical composition of synthesized TCA (%).

SiO2 |ALOs3 |Fe203 | TiO:2 | P20s | CaO | MgO [Na:O | K:O | V205 (Cr203| MnO | SOs | LOI

<0.06 | 25.7 | 0.21 |<0.05{<0.02|45.3 | 0.35 |<0.15|<0.15|<0.015{<0.02|<0.01| 0.05 | 29.3
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Figure 3. X-ray graph of the initial synthesized TCA.

The main phase of the obtained product is tricalcium aluminate of a katoite structure. Calcium
hydrocarboaluminate CasAl,(OH)12CO; x 5SH,O (CHCA) is present as an impurity in the amount
of ~ 15+20.

TCA was treated with carbon dioxide under pressure using the same equipment and the same
procedure as BR treatment (see item 2). Wet synthetic TCA could dissolve in an aqueous solution
containing 5.0 g/dm? of sodium carbonate Na,CO;. L/S ratio in the initial slurry was 10:1 (by
mass) with account of TCA moisture.

TCA was treated with carbon dioxide at two temperature modes: + 20 and + 80 °C. The duration
of gassing varied from 1 to 4 hours. Intermediate sampling while stirring was carried out via a
special sampler (Figure 2 item 8). Sample of ~ 50 cm® was taken every hour. The samples were
filtered, washed with 200 cm® distilled water and pH of the liquid phase was determined. The
solid phase was analyzed for phase and chemical composition.
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Table 5 presents results of the tests.

Table 5. Conditions of tests on TCA treatment with carbon dioxide and composition of the
obtained filtrates.

Filtrate
T Gassing including
(og(a:s)‘ time pH Na;O¢otal, Na,O | including
(h) (g/dm? carbon | Na,O bcb
dioxide
1 7.35 6.03 none 6.03
30 2 7.28 6.06 none 6.06
3 7.02 6.1 none 6.1
4 7.19 5.71 none 5.71
1 7.08 6.15 none 6.15
20 2 7.32 6.14 none 6.14
3 6.82 5.97 none 5.97
4% 11.01 2.98 1.93 1.05

Note: * The solution contains A,O3; = 2.86 g/dm?.
1. When synthetic TCA is gassed with carbon dioxide under pressure, a two-stage process occurs:
e calcium hydrocarboaluminate reacts with CO, to form various calcium carbonates
(calcite, vaterite, aragonite) and bayerite:

CasAlL(OH)12CO;3-5H,0 + 3CO, = 4CaCOs + 2A1(OH); + 8H,0

This process also generates a certain quantity of portlandite Ca(OH)..
e TCA reacts with CO; and portlandite in an aqueous solution to form CHCA:

Ca3A12(OH)12 +CO; + Ca(OH); = Ca4Alz(OH)12CO3‘5HzO
Table 6 shows the phase composition of TCA gassing products.

Table 6. Results of the semi-quantitative X-ray phase analysis of TCA treated with
CO; under pressure.

Intensity of the characteristic lines (imp/cps)
S g4 < = g 2 & 2 £ 5 g
° i ) (@R < o< = o s T S84 &%
Temperature, °C Time/h §°§ % % § % E 8 é"é E %E 5;5 E 8,? § ; § §0§
<L <2T |0 E_ ©gq0 =
init. TCA* 3250 - 800 85 160 127 - -
lh 2330 | 1400 65 - 70 - 50
20 2h 2300 | 2000 60 65 66 50 52 -
3h 2300 | 1400 70 50 75 50 50 -
4h 850 | 2020 (1250 55 70 - 70 -
lh 2000 | 2100 - 60 80 30 30 130
<0 2h 1730 | 2000 40 - 40 30 40 100
3h 1750 | 2200 70 - 30 20 30 140
4h 1700 | 2700 30 - 40 20 50 160

Note: * the composition of the initial TCA: TCA (katoite) - 80 % in form of CasAl,(OH),CO3x5H>0,
CHCA - 20 % in form of CasAl,(OH),CO3*x5H>0.
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2. The proposed scheme of reactions of TCA, CO, and CHCA, water and other intermediate
reaction products is undoubtedly of a more complex and multi-stage nature. Obviously, there is a
dynamic balance between the reaction products. The proposed chemical properties can be
accepted as an operational process diagram.

3. The presence of small amounts of calcium hydroxide in form of portlandite in all the samples
proves the possibility of its use in the process of DSP lime neutralization. Better BR neutralization

can be attributed to the overlaying of these processes.

The combined processing of DSP and TCA mixture with carbon dioxide will be tested as part of
future research on this subject.

5. Comparison of Lime and Carbon Dioxide Neutralization Parameters of Bauxite
Residue

Table 7 presents main parameters of BR neutralization technologies.

Table 7. Comparison of main parameters of neutralization technology.

Parameter/property UoM | Lime method Carbon dioxide method
Main reagent lime carbon dioxide
Implementation tanks autoclave\reactor
Process temperature °C 95-98 20
Process time h 3-5 1
Na,O residual content in BR mass 0.6-3.5

o, <0.5 AoG Tulcea | Ewarton | AAL
0.6 3.6 2.7 33

Na,O form in the filtrate
returned to alumina Caustic Carbonate
production
Requirement for filtrate .

no yes, lime
treatment

The data in the Table prove that carbon dioxide method to remove alkali from the bauxite residue
by gassing BR with carbon dioxide in the reactor to obtain the material that is close to required
target parameters can be used for processing AoG bauxite residue only (out of BR samples
analyzed in this paper).

6. Conclusions

1. Treatment of BR samples from various alumina refineries with carbon dioxide under pressure
makes it possible to dissolve from 17 to 88 % of alkali into the solution by following reactions:
e The removal of sorbed alkali from the surface due to the destruction of the solvate shells
around DSP during the transformation of NaOH into Na>,COj; and then into NaHCO3
o Partial substitution of NaOH embedded into DSP crystalline structure as an additional
anionic group for CO;
e Partial DSP decomposition (this value ranges from 10 to ~ 20 %).

2. The temperature of above 20 °C and gassing time of more than 1-2 hours do not cause any
significant increase in the alkali amount dissolving from DSP to the solution.

3. The reaction of treating BR and DSP with carbon dioxide should be carried out at a temperature
close to 20-25 °C which is associated with the presence of a secondary reaction of the released
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amorphous alumina with sodium bicarbonate to form dawsonite NaAl(COs3)(OH),. At a
temperature of around 20 °C, dawsonite is not formed and aluminium remains in the form of
amorphous aluminium trihydrate so the neutralization process is more effective.

4. When tricalcium hydroaluminate containing calcium hydrocarboaluminate is treated with
carbon dioxide under pressure the process occurs in two stages:

e calcium hydrocarboaluminate reacts with CO, to form various calcium carbonates
(calcite, vaterite, aragonite) and bayerite resulting in increased CO; binding and reduced
carbon footprint

e TCA reacts with CO, and portlandite in an aqueous solution to form calcium
hydrocarboaluminate, that later reacts with CO», sodium bicarbonate and decomposes to
form various calcium carbonates.

The proposed scheme of reactions of TCA, CO, and CHCA, water and other intermediate reaction
products is undoubtedly of a more complex and multi-stage nature. Obviously, there is a dynamic
balance between the reaction products. The proposed chemical properties can be accepted as an
operational process diagram.

5. Treatment of BR samples from alumina refineries with carbon dioxide under pressure provides
for a partial reduction of alkali content, but this process does not allow producing BR with the
required application properties (NaxOxora1 < 0.5 mass %). The best results in terms of achieving the
target alkali content were obtained for AoG bauxite residue (0.6 mass %).

6. When treating BR with carbon dioxide an issue arises regarding the conversion of all alkali
into a mixture of Na,CO3z and NaHCOj3; which will require lime treatment up to 2.2 mole of CaO
per mole of Na,Ofor for its causticisation to NaOH which will affect the carbon footprint.
However, lime consumption will be less as compared with purely lime regeneration.

7. The results discussed in this pater do not allow determining gas consumption; besides
parameters of carbon dioxide BR neutralization can be improved by some additional research
activities. At this stage the advantages of the carbon dioxide method seem to be disputable due to
incomplete reaction for a majority of BR samples (except for AoG) and due to high capital costs
for the equipment (autoclave\reactors) and requirement to have gases with relatively high content
of CO».

7. Acknowledgement
This research was funded by the European Union as part of Horizon 2020 research programme,

grant under contract No. 776469.

*
el
* *
i

Horizon 2020
EuroPe:an_ European Union funding
Commission for Research & Innovation

The authors would like to acknowledge Anna Damaskina, Tatyana Shalkova, Lidiya Fyodorova,
Tatyana Golovanova, Tatyana Mukina, Yulia Maksimova and Yulia Chernyshova — employees
of the Engineering and Technology Department of LLC RUSAL ETC in St. Petersburg, who
made a great contribution to this work.

438



TRAVAUX 49, Proceedings of the 38" International ICSOBA Conference, 16 — 18 November 2020

10.

11.

12.

14.

15.

References

Friedrich Vogel, Die Grundlagen der wirtschaftlichen Verarbeitung von Rotschlamm (7he
Principles of the Economical Processing of Red Mud), Metall, v. 3, July, 1949, 223-225.
Aleksandr Suss et al., Specific features of alkali recovery from bauxite residue of different
alumina refineries, Proceedings of xx™ International ICSOBA Conference, Krasnoyarsk,
186-192.

S. Rai et al., (Jawahartal Nehru Aluminium RD & Design Centre in Nagpur, India),
Neutralization and utilization of red mud for its better waste management, Archives of
Environmental Science, Vol. 6, June 2012, 13-33.

4.T. Harato, P, Smith, and E. Oraby (CSIRO), Recovery of soda from bauxite residue by
acid leaching and electrochemical processing, Proceedings of the 9th International
Alumina Quality Workshop, Perth (WA), 2012, 193-201.

A. Markov, Innovative alkali method for bauxite residue complex processing, AnroMHUHUIA
Cubupn, 2017 r. Cc.

E. Kremleva, Hydrating of carbon dioxide to formic acid using rhodium catalysts, A.V.
Topchiev Institute of Petrochemical Synthesis, RAS, Thesis abstract, M, 2006.

Natsui, K., Iwakawa, H., Ikemiya, N., Nakata, K. & Einaga, Y, Stable and highly efficient
electrochemical production of formic acid from carbon dioxide using diamond electrodes,
Angew. Chem. Int. Ed. 130, 2669-2673 (2018).
https://www.techcult.ru/technology/7278-novoe-ustrojstvo-prevrashaet-uglekislyj-gaz-v-
toplivo.

K. Evans, E. Nordheim, and K. Tsesmelis, Bauxite Residue Management, Light Metals
2012, 63-66.

W01993016003 Al, Process for the treatment of red mud Clay Mitchell Cardile (Alcoa Of
Australia Ltd.), propriety dated 6.02.1992.

Sameer Khaitan, David A. Dzombak, and Gregory V. Lowry, Mechanisms of neutralization
of bauxite residue by carbon dioxide, Journal of Environmental Engineering, 2009, 135
(6), 433-438.

Smith, P.G., Pennifold, R.M., Davies, M.G., and Jamieson, E.J., Reactions of carbon
dioxide with tri-calcium aluminate, Proceedings of the 5th Int. Symp. Honouring Professor
Ian M. Ritchie, C. Young, A. Alfantazi, C. Anderson, A. James, D. Dreisinger, B. Harris,
eds., The Minerals, Metals, and Materials Society, 2003 Warrendale, Pa., 1705-1716.
Yanxiu Wang, Ting-an Zhang, Guozhi Lyu, Fangfang Guo, Weiguang Zhang, Yuhai Zhang,
Recovery of alkali and alumina from bauxite residue (red mud) and complete reuse of the
treated residue”, Journal of Cleaner Production 188 (2018), 456-465.

14.Yanxiu Wang, Ting-An Zhang, Yuhai Zhang, Guozhi Lv, Weiguang Zhang,
Transformation and characterization of cement clinker prepared from new structured red
mud by sintering, TMS, 2019.

Aleksandr Suss, A. Kuvyrkina, Natalya Kuznetsova, Andrey Panov, The influence of
sodium hydroalumosilicate structure on the removal of impurities from solutions of
alumina production and efficiency of the recovery process", Metallurg No. 11, 2008, 86-
89.

Aleksandr Suss, Aleksey Perestoronin, Evgeny Pustynnykh, Oleg Zharkov, Andrey Panov,
The influence of various factors on the fractional composition of tricalcium
hydroaluminate", Proceedings of XXIV International Conference "Aluminium of Siberia",
Krasnoyarsk, 2018, 99-126.

439


https://www.elibrary.ru/author_items.asp?authorid=50734
https://www.techcult.ru/technology/7278-novoe-ustrojstvo-prevrashaet-uglekislyj-gaz-v-toplivo
https://www.techcult.ru/technology/7278-novoe-ustrojstvo-prevrashaet-uglekislyj-gaz-v-toplivo
https://www.google.com/search?tbo=p&tbm=pts&hl=en&q=inassignee:%22Alcoa+Of+Australia+Limited%22
https://www.google.com/search?tbo=p&tbm=pts&hl=en&q=inassignee:%22Alcoa+Of+Australia+Limited%22

	Editions de l’ICSOBA
	Past events of ICSOBA
	Foreword
	Welcome Note
	Table of Contents
	KEYNOTE SESSION
	KN01 - Alba’s Journey to 1.5 Million Tonnes Site Capacity - Challenges and Opportunities
	KN02 - Growth of Indian Aluminium Industry and Vedanta
	1. Indian Aluminium Scenario and Growth Potential
	1.1. Primary Aluminium Growth
	1.2. Aluminum Consumption Overview
	1.3. Bauxite and Aluminum Growth
	1.4. Calcined Petroleum Coke Demand & Supply
	1.5. Coal Tar Pitch Demand and Supply
	1.6. Growth Potential in India

	2. Vedanta Growth Journey
	2.1. Introduction
	2.2. VAP Growth Success Story

	3. Conclusions
	4. References

	KN03 - China’s Aluminium Industry – Why It Is in Seriously Bad Health
	KN04 - Long Term Sustainability of the Aluminium Sector (2020-2050)
	KN05 - Aluminium Market Outlook Across the Value Chain
	KN06 - Evolution of Low-Carbon Aluminium in the Market for More Sustainable Economic Development
	BAUXITE SESSION
	BX01 - Reduction of Bauxite Moisture Using Concentrated Solar Energy
	1. General Remarks
	1.1 The Challenges
	1.2 Some of the Unknowns
	1.3 The Proof-of-Concept Project at Vale

	2. Our Solutions
	2.1 Double Tracking Heliostats
	2.2 Injecting CSE onto Ore Being Transported by Conveyor Belts
	2.3 Solar Kiln with Fresnel Lens

	3. Equipment Used in Vale’s Proof of Concept Project
	4. Discussion and Conclusions
	5. References

	BX02 - Dry Beneficiation of Bauxite Minerals Using a Tribo-Electrostatic Belt Separator
	1. Introduction
	2. Experimental
	2.1 Materials
	2.2 Equipment
	2.3 Test Procedure

	3. Results and Discussion
	3.1 Samples Mineralogy
	3.2 Bench Scale Experiments

	4. Discussion
	5. Conclusions
	6. References

	BX03 - Bauxite Tailings Valorization:  From Test Works to Industrial Scale Up
	1. General Information on Bauxite
	1.1 Resources
	1.2 Qualities
	1.3 Quality Demand
	1.4 Upgrading Request and Test Works
	1.5 Bauxite Tailings Composition

	2. Case Study of a West Africa Bauxite Mine
	2.1 Fresh Tailings Tests
	2.2 Stock Tailings Tests

	3. Upgrading Process
	3.1 Draft Process Flows
	3.2 General Arrangement
	3.3 Processing Plants
	3.4 Equipment Selection and Process Plant Design
	3.5 Capacities

	4. Project Realization / Timeline
	5. Summary
	6. References

	BX04 - Research on Comprehensive Utilization of Bauxite Resources
	1. Introduction
	2. Description of Sample
	2.1 Chemical Multi-Element Analysis
	2.2 Mineral Composition Analysis
	2.3 Process Mineralogy Analysis

	3. Results and Discussion
	3.1 Classification Test of Raw Ore
	3.2 Reverse Flotation Desilication Test of Wash Tailings
	3.3 Discussion

	4. Conclusions
	5. Acknowledgement
	6. References

	BX05 - Beneficiation Aspects of Low-grade Unutilized Materials (Partially Lateritised Khondalite and Laterite) Associated with Bauxite Mine
	1. Introduction
	2. Sampling and Characterization
	3. Beneficiation Studies on Laterite and PLK
	3.1 Screening
	3.2 De-ironing Studies by Wet High Intensity Magnetic Separator (WHIMS)
	3.3 Separation Studies by Hydro Cyclone Test Rig
	3.4 Beneficiation of PLK Based on Chemical Treatment

	4. Conclusions
	5. Acknowledgements
	6. References

	BX06 - Industrial experimental study on desulfurization of high-sulfur bauxite under coal mines
	1. Introduction
	2. Raw Ore
	2.1 Multi-Element Analysis
	2.2. Process Mineralogy

	3. Experiment Equipment and Methods
	4. Experimental results
	4.1 Desulfurization Flotation Optimization Test in Laboratory
	4.2 Industrial Test of Flotation Desulfurization

	5. Conclusions
	6. References

	BX07 - Enhanced Desiccation of Bauxite Tailings by Solar Drying
	1. Introduction
	2. The Plateau System
	3. Thickening of Tailings
	4. Statistical Analysis
	5. Field Results
	6. Conclusions
	7. References

	BX08 - Experimental Research on Preparation of Low Density and High Strength Oil Fracturing Proppant with Bauxite Beneficiation Tailings
	1. Introduction
	2. Test
	2.1 Test Materials
	2.2 Experimental Method
	2.3 Measurement Method

	3. Results and Discussion
	3.1 Effect of Iron Removal on Properties of the Finished Pellets
	3.2 Effect of Raw Material Pre-calcination on Pelletizing Property
	3.3 Effect of Sintering Temperature on Properties of the Finished Pellets
	3.4 Effect of Sintering Time on Properties of the Finished Pellets
	3.5 Effect of Additive Dosage on Properties of the Finished Pellets
	3.6 Product Analysis

	4. Conclusions
	5. References

	ALUMINA SESSION
	AA01 - Improvement of Mud Circuit Efficiency while Processing East Coast Bauxite of India
	1. Brief Process Description
	2. Bauxite Residue Processing
	3. Bauxite Residue Management
	4. Results and Discussion
	5. References

	AA02 - Technology Options for Mixed Bauxites
	1. Introduction
	2. Digestion Technologies
	2.1 Tri-hydrate or Gibbsitic Bauxites
	2.2 Mixed Bauxite
	2.3 Mono-hydrate Bauxite
	2.4 Design and Operation Aspects for Mixed Bauxites – Effect of Boehmite Content

	3. Summary
	4. References

	AA03 - Further Development of RUSAL’s Alumochloride Technology for Alumina Production from Non-Bauxite Resources
	1. Introduction
	2. Reducing energy consumption at ACH calcination
	3. Introduction and Circulation of CaCl2
	4. Chlorammonium Variant
	5. Conclusions
	6. References

	AA04 - Bauxite Particle Size Requirements for the Bayer Process: Back to Basics
	1. Introduction
	2. Mine-to-Digestion
	3. Mill Modelling
	4. Operation Issues and Improvements
	5. Conclusions
	6. References

	AA05 - Design and Analysis for the Optimization of Synthesis Technological Conditions of Tricalcium Aluminate Hexahydrate
	1. Introduction
	2. Experiment
	3. Conclusion
	4. References

	AA06 - The Effects of Suspended Solids in Green Liquor on the Quality of Product During the Precipitation Process
	1. Introduction
	2. Equipment and Method
	3. Result and Discussion
	3.1 Analysis Result of Suspended Solids in Green Liquor
	3.2 Analysis Result of Impurity Component for Aluminum Hydroxide Seed
	3.3 Analysis of Different Suspended Solids Content from Precipitation Test

	4. Conclusions
	5. References

	AA07 - Effect of CGM on the Particle Size of Aluminum Hydroxide During the Seed Addition to a Sodium Aluminate Solution
	1. Introduction
	2. Test Materials and Instruments
	2.1 Test Materials
	2.2 Test Instruments and Equipment

	3. Test and Analysis Methods
	3.1 Test
	3.2 Analysis Method

	4. Experimental Results and Discussion
	4.1 Effect of CGM on the Frequency of Secondary Nucleation of Seed
	4.2 Effect of CGM on the Agglomeration of Aluminum Hydroxide Particles

	5. Conclusions
	6. References

	AA08 - Performance of Wide-Channel Welded Plate Heat Exchanger for Bayer Precipitation Process
	1. Introduction
	2. Microscopic Mechanism of Scaling
	2.1 Agglomeration Mechanism
	2.2 Hydrodynamics Mechanism
	2.3 Thermodynamic mechanism

	3. Operation Characteristics
	3.1 Performance of the Heat Exchanger
	3.2 Precipitation Rate
	3.3 Local Plate Erosion

	4. Optimal Design of Heat Exchanger and Perspective
	5. Conclusions
	6. References

	AA09 - Improved Flow for Y-Flume Launders on Alumina Precipitation Tanks
	1. Introduction
	2. Experimental Facility
	3. Test Results
	3.1 Flow Visualization Study
	3.2 Sand Settling Study

	4. Implementation at QAL
	5.  Conclusions
	6. Acknowledgements
	7. References

	AA10 - Predictive Analysis of Industrial Precipitation Cycles Using Population Balance and Deep Learning Methods
	1. Problems of Precipitation Control at the Refinery
	2. Particle Population Balance Method
	3. Deep Learning Methods
	4. Software PrecipExpert
	5. Prediction Results
	6. Conclusions
	7. References

	AA11 - Boehmite Precipitation Kinetics and Calcination Study for Metallurgical Grade Alumina Production
	1. Introduction
	2. Materials and Method
	3. Results and Discussion
	3.1 Boehmite Precipitation
	3.2 Kinetic Study of Boehmite Precipitation
	3.3 Effect of Boehmite Seed Particle Size on Liquor Productivity
	3.4 Calcination Study for the Conversion of Boehmite into Smelter Grade Alumina
	3.5 Comparison of Boehmite Precipitation and Calcination with Conventional Gibbsite Process

	4. Conclusions
	5. References

	AA12 - The Hydrate Dryer Story – From Lab to Industrial Implementation
	1. Introduction
	2. The Hydrate Dryer - Equipment and Process Design
	3. Calciner 2 at AOS Stade – Metso Outotec’s Benchmark Calciner with Hydrate Dryer
	4. Hydrate Dryer Applications – Integrated Calcination Solutions & Stand-Alone Operation
	5. Conclusions
	6. References

	AA13 - CFD Modeling of Gas Suspension Calciner in an Alumina Refinery
	1. Introduction
	2. Model Description
	2.1. CFD Simulation
	2.2. Calciner Model
	2.3. Fluid-bed Status Graph

	3. Results and Discussion
	3.1. Combustion Analysis
	3.2. Flow Pattern and Temperature Analysis
	3.3. Fluidization Studies

	4. Conclusions
	5. Future Work
	6. References

	AA14 - The Role of the Alumina Refinery Laboratory:  Monitoring, Optimisation and Control of the Bayer Process
	1. Introduction
	2. Analytical Tools
	3. Bauxite
	4. Impurities
	5. Particle Size Distribution
	6. Desilication
	7. Digestion and Boiler House
	8. Liquid Solid Separation and Red Mud
	9. Raw Materials
	10. Collaboration and External Research
	11. Alumina Refinery – Human Health Analogy
	12. Conclusions
	13. References

	AA15 - Online FTIR Analysis for Improved Efficiency in Alumina Production
	1. Introduction
	1.1 Near-Infrared Spectroscopy
	1.2 Mid-Infrared FTIR Spectroscopy
	1.3 Raman Spectroscopy

	2. Instrument Design
	2.1 Conventional FTIR Interferometer Design
	2.2 Static Optics FTIR Interferometer Design

	3. Analytical Performance of the Instrument
	3.1 NaOH, NaAl(OH)4 and Na2CO3 Measurements in Spent Liquor
	3.2 Organic Acid Salts Measurements

	4. Initial Work on Ultrasonic Cleaning
	5. Conclusions and Further Work
	6. References

	AA16 - Iron Removal from Bayer Liquor: The Ma’aden Alumina Refinery Experience
	1. Introduction
	2. Analysis of Slurries and Liquors
	3. Chemical Trends in Plant Data
	4. Bauxite Grade Control and Blending
	5. Lime Injection
	6. Liquor Quality
	7. Reagent Addition Opportunities
	8. Magnetic Particle Removal
	9. Iron-Rich Mud Recycling
	10. Process Targets
	11. Conclusions
	12. References

	AA17 - Characteristics of Sodium Oxalate Precipitates from the Bayer Precipitation Process.
	1. Introduction
	2. Material and Methods
	2.1. Material

	3. Results and Discussion
	3.1 Sodium Oxalate Particles Precipitated from a Diaspore High Temperature Process
	3.2 Sodium Oxalate Particles Precipitated from Low Temperature Gibbsite Digestion
	3.3 Difference Between Types of Particles

	4. Conclusions

	5. References

	AA18 - Improving Whiteness of Alumina Trihydrate through Reduction in Colored Organics in Bayer Liquor
	1. Introduction
	2. Conceptual Approach
	3. Development of Humate Removal Aid
	4. Discussion
	5. References

	AA19 - The Behaviour of Zinc in the Bayer Process
	1. Introduction
	2. Raw Materials and Methods
	2.1 Raw Materials
	2.2 Experimental and Analytical Method

	3. Results and Discussion
	3.1 Behavior of Zinc in the Digestion Process
	3.2 The Behavior of Zinc in a Precipitation Circuit
	3.3 The Distribution and Trends of Zinc in the Alumina Production Process

	4. Conclusions
	5. References

	AA20 - The Behavior and Removal of Bauxite Zinc in the Bayer Process
	1. Introduction
	2. Occurrence of Zinc in Bauxite
	3. Behavior of Zinc in the Bayer Process
	3.1 Behavior of Zinc Occurring in Bauxite in the Bayer Digestion Process
	3.2 Behavior of Zinc in the Bayer Precipitation Circuit

	4. Processes to Reduce ZnO in the Bayer Process
	4.1 Chemical Methods
	4.2 Physical Methods

	5. Conclusions
	6. References

	AA21 - The Influence of Process Parameters on Removing Iron, Zinc and Copper Impurities from Synthetic Bayer Liquor
	1. Introduction
	2. Experimental
	3. Results and Discussion
	3.1 Effect of Time on the Fe, Zn and Cu Removal Process
	3.2 Effect of Temperature on the Fe, Zn and Cu Removal Process
	3.3 Seed Concentration Effect on the Fe, Zn and Cu Removal Process

	4. Conclusions
	5. References

	AA22 - Bayer Process Heat Exchanger Tube with High Corrosion Resistance in Diluted Sulphuric Acid
	1. Introduction
	2. Experimental
	2.1 Sample Preparation
	2.2 Microstructural Investigation
	2.3 Electrochemical Investigation

	3. Results
	3.1 Pre-exposure Microstructure
	3.2 Static Corrosion Behaviour
	3.3 Electrochemical Behaviour

	4. Discussion
	5. Conclusions
	6. Acknowledgment
	7. References

	AA23 - Preparation of Metallurgical Grade Alumina  from Coal Fly Ash
	1. Introduction
	2. Materials and Methodology
	2.1 Materials
	2.2 Methodology
	2.3 Characterization of Fly Ash

	3. Results and Discussion
	3.1 Hydrothermal Alkali Leaching of Fly Ash
	3.2 Acid Leaching of Alkali Treated Fly Ash
	3.3  Precipitation of ATH
	3.4 Process Flow Sheet

	4. Conclusions
	5. Acknowledgements
	6. References

	AA24 - High Purity Aluminas for Advanced Ceramics Applications
	1. Introduction
	2. About Hindalco Brasil
	3. HPA Alumina (99.9% Purity) for Li-ion Batteries
	4. Bimodal Alumina with Lowest Water Absorption for Castables
	5. Low Soda, Bimodal Alumina for Structural Ceramics
	6. Low Soda Reactive Alumina for Fine Ceramics
	7. Low Soda Fine Alumina for Honeycomb Ceramics
	8. Low Soda Alumina for Metalized Ceramics
	9. Low Soda Alumina for Spark Plug
	10. 3N Alumina (99.9 % Purity) for Advanced Ceramics
	11. Summary
	12. References

	AA25 - Process Innovation and Technology Progress of Bayer-Sintering Series Method
	1. Bauxite Resources in China
	2. A Method for Producing Alumina from Low-Grade Bauxite
	3. Innovation and Technical Progress of New Series Process for Alumina Production
	3.1 High Iron Content of Low Charge A/S Red Mud Formula
	3.2 A Technique in which the Sintering Process is Changed from Wet to Dry
	3.3 Confluence of Unpolished Sinter Extraction Liquor with Bayer Slurry

	4. Technical and Economic Analysis of the New Series Process
	4.1 The New Series Process
	4.2 Comparison of Main Technical and Economic Indexes of Different Methods

	5. Conclusions
	6. References

	AA26 - Importance of Water Balance in an Alumina Refinery
	1. Introduction
	2. Water Balance is Part of the Process Flow Diagram of the Refinery
	2.1 Inputs
	2.2 Outputs

	3. Maintenance Plan for the Refinery and Requirement to Water Balance Forecast
	4. Daily Water Balance Management
	5. Plant Caustic and Volume Control
	6. Evaporation Capability and Energy Efficiency Optimisation
	6.1 Evaporation Capability
	6.2 Energy Efficiency Optimisation

	7. Controllable Caustic Consumption – Direct Impact from Water Balance
	7.1 Product Quality
	7.2 Bauxite Residue Washing

	8. Precipitation Tank Cleaning Schedule
	9. Bauxite Quality and its Impact on Water Balance
	10. Water Balance Challenges and Opportunities at Aughinish Refinery
	10.1 Challenges
	10.2 Opportunities

	11. Conclusions
	12. References

	BAUXITE RESIDUE SESSION
	BR01 - Evaluation of Bauxite Residue Rehabilitation Strategy: One Year Monitoring Assessment
	1. Introduction
	2. Materials and Methods
	2.1 Site History and Sample Collection
	2.2 Water Chemical Analysis
	2.3 Soil Chemical Analysis
	2.4 Plant Mortality and Natural Regeneration

	3. Results
	3.1 pH Results of Runoff and Under Drainage
	3.2 Effluent Chemical Analysis
	3.3 Soil Chemical Analysis
	3.4 Revegetation Assessment

	4. Conclusions
	5. References

	BR02 - Bauxite Residue Disposal: One-Step Towards Conversion from Wet to Dry Disposal
	1. Introduction
	2. Developments
	2.1 Causticization Reaction Conditions
	2.2 Separation Tests
	2.3 Soil Amendment

	3. Results
	3.1  Laboratory Results
	3.2  Pilot Filter Press Tests
	3.3  Soil Amendment Results
	3.4  10 t/h Filter Press and Causticization Unit Modification
	3.5. The use of CBA Calcium Carbonate at Miraí Mine.

	4. Conclusions
	5. References

	BR03 - Study on Restoration of Bauxite Residue by Salt-Alkali Tolerant Bacteria
	1. Introduction
	2. Experiment
	2.1 Materials and Experimental Methods
	2.2 Analysis

	3. Results and Discussion
	3.1 PH Change During Bauxite Residue Improvement
	3.2 Change of Aggregate in Bauxite Residue Improvement Process
	3.3 Changes of Characteristic Enzyme Activity and Microbial Biomass Carbon before and after Bauxite Residue Improvement
	3.4 Analysis of Microbial Community Change

	4. Conclusions
	5. References

	BR04 - Comparison of Lime and Carbon Dioxide Methods of Bauxite Residue Neutralization
	1. State of the Problem
	1.1 Lime Neutralization
	1.2 Acid Neutralization
	1.3 Cold CO2 Treatment with Complexion
	1.4 Use of Organic Acids
	1.5 BR Neutralization with Carbon Dioxide
	1.6 Сalcification – Carbonation Method
	1.7 Selection of Research Trend

	2. Tests on BR Treatment with Carbon Dioxide
	3. Tests on DSP Treatment with Carbon Dioxide
	4. Tests on TCA Treatment with Carbon Dioxide
	5. Comparison of Lime and Carbon Dioxide Neutralization Parameters of Bauxite Residue
	6. Conclusions
	7. Acknowledgement
	8. References

	BR05 - Bauxite Residue Supported Ag Nanoparticles: A Highly Effective and Recyclable Catalyst for Hydrogenation of p-Nitrophenol
	1. Introduction
	2. Materials and Methods
	2.1 Materials
	2.2 Synthesis of BR
	2.3 Synthesis of BR@Ag NCs
	2.4 Characterization of Catalysts
	2.5 Catalytic Reduction of p-NP

	3. Results and Discussion
	3.1 Catalytic Reduction of p-NP
	3.2 Proposed Mechanism

	4. Conclusions
	5. References

	BR06 - Investigating the Leaching, Desilication and Precipitation of Aluminium Tri-Hydroxides from a Bauxite Residue-Bauxite By-Product Slag
	1. Introduction
	2. Materials and Methods
	2.1 Leaching
	2.2 Desilication
	2.3 Precipitation

	3. Results and Discussion
	3.1 Leaching
	3.2 Desilication
	3.3 Precipitation

	4. Conclusion
	5. Acknowledgements
	6. References

	BR07 - Recovery of Scandium, Iron, and Aluminum from Bauxite Residue by Carbothermic Smelting Followed by Acid Baking – Water Leaching
	1. Introduction
	2. Materials and Methods
	2.1 Starting Material
	2.2 Carbothermic Smelting and Slag Processing
	2.3 Acid Baking – Water Leaching and Residue Desulfation Trials
	2.4 Compositional and Mineralogical Characterization

	3. Results and Discussion
	3.1. Bauxite Residue Smelting
	3.2. Acid Baking – Water Leaching of Carbothermic Smelting Slag
	3.3. Desulfation of Leaching Residue

	4. Conclusions
	5. References

	СARBON SESSION
	CB01 - Thermo-Mechanical Characterization of Multilayer Clean Ramming Paste Joint
	1. Introduction
	2. Methodology
	2.1. Industrial Scale Samples
	2.2. Laboratory-Scale Samples

	3. Results and Discussion
	3.1 Sample Scan
	3.2 Sample Characterization
	3.3 Mass Loss
	3.4 Compressive Strength

	4. Conclusions
	5. Acknowledgment
	6. References

	CB02 - Study of Anode Compaction Using a Model-Fluid
	1. Introduction
	2. Experiments
	2.1 Rheology Tests
	2.2 Compaction Tests

	3. Conclusions
	4. Acknowledgements
	5. References

	CB03 - A New Prototype for Acousto-Ultrasound Analysis of Carbon Anodes
	1. Introduction
	2. Methodology
	2.1 Acousto-Ultrasound Equipment
	2.2 Information Retrieval from Data – Signal Processing

	3. Results
	4. Discussion
	5. Conclusions
	6. References

	CB04 - Impact of Quality Changes in Calcined Petroleum Coke (CPC) on Anodes Used for Aluminium Production
	1. Introduction
	2. Calcined Petroleum Coke
	2.1 Crude Oil to Coke
	2.2 Coker Products
	2.3 Raw Petroleum Coke (RPC) to Calcined Petroleum Coke (CPC)
	2.4 CPC to Anodes

	3. Quality Aspects of CPC Affecting Anode Quality
	4. Changes in CPC Quality and their Impact on Anode Quality
	5. Variation in Quality of CPC Received by NALCO
	6. R&D Studies Towards Improvement of Apparent Density of Anodes
	6.1 Increasing the Apparent Density of Anodes by Blending
	6.2 Increasing the Fineness of Fines (Surface Area) to Increase the Apparent Density of Anodes
	6.3 Increasing the Paste Mixing Temperature to Increase the Apparent Density of Anodes.

	7. R&D Studies Towards Improvement of Reactivity Properties of Anodes
	7.1 Interchanging the Fines Fraction of Two Types of CPC
	7.2 Boric Acid Addition in Green Anode Recipe
	7.3 Boric Acid Addition in CPC at Coke Calcining Plant

	8. Dealing with High Sulphur Cokes
	9. Summary and Conclusions
	10. References:

	CB05 - Sustainable CPC Production at the Vizag Calciner
	1. Introduction
	2. Overview of the CPC Production Process and Vizag Flowsheet
	2.1 SO2 Scrubbing and Byproduct Lime Use

	3. Vizag Calciner Operating Data – 2019
	4. Product Carbon Footprint Analysis
	4.1 Goal and Scope Definition

	5. Impact Assessment
	5.1 Vizag CPC Calcination
	5.2 Anode Production from CPC
	5.3 Anode Use in Aluminium Electrolysis

	6. Discussion and Conclusions
	7. References

	ALUMINIUM SESSION
	AL01 - The Successful Implementation of EGA DX+ Ultra Technology at ALBA
	1. Introduction
	2. Milestones in the Development of DX+ Ultra Technology
	2.1. DX+ Ultra Eagle demonstration cells
	2.2. DX+ Potline 3 Cells at EGA’s Al Taweelah smelter – Amperage Increase Journey

	3. ALBA Line 6 Start-up and Commissioning [3]
	4. ALBA Potline 6 Performance Test
	4.1. Performance Test Criteria
	4.2. Performance Test Procedure
	4.3. Performance Test Results
	4.4. Graphs of ALBA Potline 6 Performance Test

	5. Conclusions
	6. References

	AL02 - Rio Tinto Smelter 4.0: From Vision to Delivery
	1. Introduction
	2. Improving and Maintaining the Skills of Operators and Technicians
	2.1. What We Have Done Since 2010
	2.2. Our Current Developments
	2.3. Our Future Development Path

	3. Mobile Applications
	3.1. MESAL™
	3.2. ALPSYS™
	3.3. #hashTag: A New ALPSYS Module

	4. Sensors
	4.1. Temperature Monitoring in the Lining
	4.2. Perfluorocarbon (PFC) Emissions
	4.3. Pot Gas Temperature
	4.4. Anode Beam Position
	4.5. Anode Current Monitoring

	5. Algorithms
	5.1. Continuous Monitoring of Pot Gas Temperature to Follow-up Pot Operations
	5.2. Polarization Detection and Feeding Strategy
	5.3. Improvement in Anode Setting

	6. Conclusions
	7. References

	AL03 - A Modernized ANSYS-Based Finite Element Model for the Thermal-Electrical Design of Aluminum Reduction Cells
	1. Introduction
	2. Modernized Approach Workflow
	2.1 External Geometry
	2.2 Geometry Editing
	2.3 Finite Element Model Assembly
	2.4 Parameters
	2.5 Solution
	2.6 Postprocessing
	2.7 Standard Output

	3. Modernized Approach Features
	3.1 Ledge Repositioning Logic
	3.2 Heat Balance Solution
	3.3 Standardized Output

	4. Model Results with the Standard Ledge Topology
	5. Novel Topology
	6. Discussion
	7. Conclusions
	8. Acknowledgements
	9. References

	AL04 - Cathode Cooling Damages Due to Potline Power Interruptions
	1. Introduction
	1.1. Thermal Arrest
	1.2. Thermal Arrest During a 5-Hour Power Interruption in a 300 kA Potline
	1.3. Thermal Arrest During an 8.5-Hour Power Interruption in a 200 kA Potline
	1.4. Solidification of Aluminum During Cooling

	2. Cathode Damages as a Result of Cooling
	2.1. Cathode Cracks Due to Cooling
	2.2. Cathode Shrinkage as a Result of Cooling
	2.3. Fracture Behavior of Cathode Materials

	3. Modeling Thermo-mechanical Stresses in Aluminum Cell Cathodes During Cooling
	3.1. Thermal Gradients in the Cathode Panel
	3.2. Thermal Stress at the Top Surface of the Cathode Panel with the Bottom of the Cathode Panel Anchored
	3.3. Tensile Stress Evolution during Cooling
	3.4. Cathode Damages

	4. References

	AL05 - A 700 kA Alumina Reduction Cell with Downstream Cathode
	1. Introduction
	2. Magnetohydrodynamic Model Results
	3. Horizontal Current in the Metal Pad
	4. Cathode Top Current Density
	5. Conclusions
	6. References

	AL06 - Production of Premium Grade P0404 Metal at Mahan Aluminium
	1. Introduction
	2. Challenges
	3. Execution Methodology
	4. Actions Initiated at Various Levels
	5. Alumina Handling System and Bath Recycling System
	5.1. Potroom
	5.2. Carbon
	5.3. Cast House
	5.4. Process Improvements
	5.5. Monitoring and Feedback

	6. Current Status and Deliverables
	7. Financial Benefits
	7.1. Non-Financial Benefits

	8. Acknowledgements

	AL07 - Measurement of Metal Inventory in Pots with Zinc Dilution
	1. Introduction
	2. Experimental Procedure
	3. Calculation of Background Zinc in the Metal
	3.1. Metal Inventory Calculations by Zinc and Copper Dilution

	4. Results and Discussion
	5. Conclusions
	6. Acknowledgement
	7. References

	AL08 - Development and Application of Intelligent Control System of Crust Breaker in Aluminum Reduction Cell
	1. Introduction
	2. System Composition
	2.1. Main Functions of Field Control Equipment
	2.2. Main Functions of Upper Computer Management System

	3. Principle of Detection of Feed Hole Blocking
	4. Application Effect
	4.1. Detection Accuracy of Feed Hole State is Up to 94 %

	5. Conclusion
	6. References

	AL09 - Comparative Study of Alumina Dissolution in Complex Aluminum Electrolytes
	1. Introduction
	2. Experimental
	2.1 Chemicals
	2.2 Experimental Method and Apparatus

	3. Results and Discussions
	4. Conclusions
	5. Acknowledgments
	6. References

	AL10 - State and Development Prospects of Technologies for the Use of Unshaped Lining Materials in Aluminum Reduction Cells
	1. Introduction
	2. Experimental Work
	2.1. Experimental Part: Field Tests of Vibratory Plates
	2.2. Experimental Part: Industrial Compactor Development
	2.3. Experimental Studies in an Industrial Cell

	3. Discussion
	4. Conclusions
	5. Acknowledgements
	6. References

	AL11 - DIDION Rotary Processing: New Applications in Aluminum Smelters
	1. DIDION System – General Comments
	1.1 Summary of Primary Plant Applications for the RT TUMBLER Processing System

	2. Basic Design Features
	2.1. Crushing of Large Blocks of Material
	2.2. Crushing with Controlled Fines Generation
	2.3. Classify Several Sizes of Material in the Same Processing Step
	2.4. “Scrubbing” Surfaces Removing Materials that are Foreign to the Base Structure

	3. Summary
	4. References:

	AL12 - Graphite Foil as a Barrier for the Penetration of Aluminum and Cryolite into Cathode Lining
	1. Introduction
	2. Refractory Barriers in the Reduction Cell
	3. Thermally Expanded Graphite (TEG), Compressed Thermally Expanded Graphite and Graphite Foil
	4. The Application of the Graphite Foil Barriers in the Reduction Cells
	5. Conclusions
	6. References

	AL13 - Numerical Study and Industrial Testing on Optimizing New Anode Behavior by Changing Additional Voltage Strategies
	1. Introduction
	2. Model Description and Case Setting
	2.1 Model Description and Boundary Condition
	2.2 Governing Equations
	2.3 Case Setting

	3. Results and Discussion
	3.1 .  Thermal-Electric-Flow Behavior in Anode Changing
	3.2 Comparison of Anode Change in Different Locations
	3.3 Optimization Work on Anode Change

	4. Conclusions
	5. References

	AL14 - The Magnetic Shielding Effect of Steel in an Aluminum Reduction Cell
	1. Introduction
	2. Mathematic Model
	3. Physical Model
	4. Finite Element Model
	5. Results and Discussion
	5.1. Influence of Collector Bars
	5.2. Influence of the Shell
	5.3. The Influence of Yokes and Stubs
	5.4. Influence of the Superstructure
	5.5. Influence of the Floor Grating

	6. Conclusions
	7. References

	AL15 - Simulation Optimization and Industrial Test of Fume Ductwork on Aluminum Reduction Cell
	1. Introduction
	2. Simulation and Optimization of the Design of the Fume Ductwork
	2.1. Modeling
	2.2. Simulation Results of the Original and Existing Fume Ductwork
	2.3. Process and Result of Simulation Optimization

	3. Industrial Test Results
	3.1. Comparison of Fume Collection Equilibrium
	3.2. Comparison of Fume Flow in the Ductwork of Cells
	3.3. Comparison of Fluoride Consumption

	4. Conclusions

	AL16 - A Review of Powder Characterization
	1. Introduction
	2. Measuring of Bulk Material Properties
	3. Systems for Bulk Material Evaluation
	3.1.  Classification According to Geldart
	3.2. Flow Function According to Jenike
	3.3. Compressibility According to Carr

	4. Example
	4.1. Application on Whole Material Sample
	4.2. Application on Fine Fraction

	5. Conclusions
	6. References

	AL17 - Minimizing SPL Generation via Redesigning Pot and Life Enhancement
	1. Introduction
	2.1. Role of Cathode in Pot Failure
	2.2. SPL Management

	2. SPL Management at Hirakud Smelter
	1.1. Redesign of Pot Lining to Reduce SPL Generation
	1.2. Recycling of Pot Lining
	1.3. Recovering Energy from SPL
	1.4. Reuse of SPL as Raw Material

	3. Conclusions
	4. References

	AL18 - Valorization of Treated Spent Pot Lining By-Product in Concrete
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Methods

	3. Results and Discussion
	4. Conclusion
	5. References

	AL19 - A Novel, Zero-Waste Technology for Spent Pot Lining Recycling
	1. Introduction
	2. SPL-Cycle Process Flowsheet
	3. SPL Characterization
	3.1. Characterization Methodology
	3.2.  Characterization Results

	4. Process Thermochemistry
	5. SPL-Cycle Process Implementation
	6. Conclusion
	7. Acknowledgement
	8. References

	AL20 - Smart Tools and QuicKonnect for Enhanced Safety of  Casthouse Operations
	1. Challenges Found in Aluminium Casthouse
	1.1. Ideas Brought to Life
	1.2. Proven Efficiency: from Past to Future

	2. Increased Safety and Productivity: No Room to Compromise
	2.1. Co-Activity
	2.2. Mitigating the Human Factor
	2.3. Operational Training and Data Analysis: Ways to Identify Best Practices

	3. Designed to Protect
	3.1. Molten Metal Splashes
	3.2. Increased Protection
	3.3. Quality of Air and Perfect Vision
	3.4. Limit Losses and Damages

	4. Other Collateral Benefits
	5. Mecfor’s Casthouse Multipurpose Vehicle Solution in Real Life
	6. Conclusion

	AL21 - Fully Automated Furnace Skimming and In-Furnace Dross Processing Increasing Production and Saving Cost
	1. RIA Systems - General Comments
	2. Skimming Machines
	3. In-Furnace Dross Processing (IFDP)
	4. Conclusions
	5. References

	AL22 - Effect of Graphene on the Mechanical and Conducting Properties of Aluminium
	1. Introduction
	2. Experimental
	3. Results and Discussion:
	4. Conclusions
	5. Acgnowledgement
	6. References

	AL23 - Simplifying Joint Ventures
	1. Why Establish a Joint Venture
	1.1. Changes in JV Circumstances

	2. Comalco, CRA and Rio Tinto as a Case Study
	2.1. Early History
	2.2. Growth of Joint Ventures
	2.3. Technology Joint Ventures

	3. Methods to Assess the Underlying Value and Direction of Joint Ventures
	3.1. Industry Attractiveness
	3.2. McKinsey 7S
	3.3. Supply Chain to Customer Relationship

	4. Risk Management
	4.1. Review the Balance Being Spent by the Joint Venture Board between Strategy and Governance
	4.2. Balance within the Joint Venture
	4.3. Strategic Fit of the JV within the Company Portfolio
	4.4. Possible Future Relationships between Joint Venture Parties using Game Theory

	5. Options for a Change in Joint Venture Structure
	6.1. Base Information

	6. Conclusion
	7. References




