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Abstract 

Bauxites contain trace elements which have not been leached from their parent rock, but have 

instead remained in the composition of bauxite. During the refining of alumina from bauxites, 

these trace elements will also be introduced to the Bayer process along with the major bauxite 

constituents. This paper describes a study on the distribution of the trace elements gallium (Ga), 

vanadium (V), cerium (Ce), yttrium (Y) and thorium (Th) through the Bayer process. The first 

four elements can potentially be extracted as Bayer process by-products, whereas Th should be 

analysed due to its potentially adverse impact. Case-by-case examination showed that most of 

the trace elements end up entirely in bauxite residue. It was found that Ga accumulation was in 

an average range compared to previous reports and there is potential for the economic extraction 

of this metal. V was also found to accumulate in Bayer liquor in a similar amount to that 

reported previously, but was absent from the aluminium hydroxide product, with the majority 

ending up in bauxite residue. Practically all of the Ce, Y and Th were found in bauxite residue 

after bauxite processing. For the trace elements entirely ending up in bauxite residue, a method 

is proposed for predicting their content in residue based on their concentration determined in 

bauxite feed. 
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1. Introduction

The presence and importance of many trace elements found in bauxites has been acknowledged 

decades ago, as well as their transfer into bauxite residue or product alumina during the Bayer 

process [1 – 3]. When entering the process, the significance of trace elements can be one or 

more of the following: 1) control over undesired impurities that might end up in the 

product (e.g. V); 2) extracting a trace element as a by-product of alumina production (e.g. Ga); 

3) environmental and occupational health considerations (e.g. Th).

Along with existing and emerging trace element extraction technologies from the Bayer circuit 

and bauxite residue, some aspects of the mechanisms of partitioning needs be broadened to 

better describe and predict the behaviour of these trace elements in the Bayer process. 

Bauxites of karstic type are known to be more enriched in trace elements compared to lateritic 

bauxites [4]. This fact has led to many studies with regards to rare earth element distribution and 

their extraction from bauxite residue, especially with respect to the Mediterranean bauxite belt 

of karstic type deposits [5, 6]. In this study, we also give attention to the refinery of Aluminium 

of Greece (AoG) processing Parnassos-Ghiona karstic bauxite as well as imported lateritic 

bauxite. 
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Bauxite ores are the main source of present day Ga production, whereas a lesser amount is 

produced from zinc ores [7]. It is estimated that 8 – 21 % of the Ga recovery potential from 

alumina refineries is being exploited based on year 2011 data, indicating a growth potential for 

this industrial process [8]. Ga is recovered from a Ga-enriched side stream of Bayer liquor 

which is returned to the process after the extraction of Ga [9]. Feasible methods for the recovery 

of Ce and Y from Bayer process solids exist, but are currently not exploited industrially, while 

V by-products are being commercialised to some extent [10 – 13]. 

 

Several studies have analysed trace element concentrations in various bauxite types and derived 

residues. Commonly, the authors synonymously conclude that most trace elements are enriched 

into bauxite residue except for Ga [2, 14 – 16]. In addition, Ochsenkühn-Petropulu et al. report 

enrichment factors of rare earth elements from bauxite to residue, ranging from 1.7 to 2.3 with 

an average of 2.0 [17]. Ga and V concentrations in Bayer process liquors are given in several 

sources [18 – 25]. One of the pioneering overviews examining Ga as a Bayer process by-

product is compiled by Hudson and an examination of the system is given there [3].  

 

In addition to analysing Bayer solids, Sato. et al. have analysed the concentration of Th and 

uranium (U) in Bayer liquors [26]. A mass balance approach, where all significant material 

flows are considered to describe the distribution of trace elements, is used by Adams and 

Richardson for describing Th and U behaviour [1], by Derevyankin et al. to report the routes 

taken by scandium and lanthanum [27], and Papp et al. which details the mass balance of 

molybdenum and zinc in the Bayer process [28]. Th partitioning in bauxite and derived residue 

has also been explained in mineralogical and beneficiation terms [29 – 31]. 

 

While Th has been covered to some extent, to the best to our knowledge, the distribution of Ga, 

V, Ce and Y throughout the Bayer process using a mass balance approach has not been 

presented in the open literature. This study’s aim is to analyse the mass distribution of these 

trace elements as well as to examine if some distribution patterns are different from those 

previously reported, especially when high temperature digestion (255 °C) is applied, as is the 

case for AoG due to exploitation of boehmitic/diasporic bauxites. Our literature review revealed 

that while there are many publications available indicating trace element concentrations in 

bauxites, aluminium hydroxide and in Bayer liquors, they can’t be related to their mass flows 

during bauxite processing. Ga has recently received attention from a resource availability point 

of view [7, 8, 32]. Frenzel et al. published an analysis “On the current and future availability of 

gallium”, which reviewed Ga production from several sources and provided relevant economic 

estimations. They specifically emphasized the lack of information available regarding Ga mass 

balance data related to alumina industry, in their words [7]: 

 

“Authors never state relative mass or even volume flow rates.” 

 

This deficit clearly made their, and other authors’ task more complex and caused higher 

uncertainties [7, 8, 32]. Frenzel et al. did, however, compile a mathematical mass balance model 

of Ga distribution based on available facts and knowledge, while mass flow data, which are a 

crucial input for estimating resource availability, were deduced as indirect estimates [7]. This 

study hopes to provide a critical input for future Ga and other trace metals availability 

estimations. 

 

Ga and V were chosen because of their well-known attribute of being enriched in Bayer liquor, 

as well as their present and prospective economic value. Ce and other rare earth elements may 

also become valuable bauxite processing by-products in the near future due to an increasing 

demand for these elements and their availability in some bauxite residues [10, 33, 34]. Thus, Ce 

was chosen as a representative of the ceric or light rare earth elements (lanthanum to 

gadolinium) as, of these elements, it exists in the highest concentration. Y was chosen to 
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process liquor is above the suggested cut-off concentration of 240 mg/l, indicating a possibility 

for economic extraction of Ga from the circuit.  

 

The accumulation of V in process liquors is comparable to previous analyses. It is effectively 

controlled as a side benefit of lime added to the process, that precipitates excess V and thus 

avoids its unwanted transfer to alumina product. Since the range of V concentrations in Bayer 

liquors was 300 – 400 mg/l, it can be concluded that the accumulation of V into process liquor 

is not affected by its relatively higher abundance in karstic bauxite.  

 

Although Ga and V are found and known to accumulate in Bayer liquor, no presence of liquor 

Ce, Y or Th was detected. Almost the entire mass of V, Ce, Y and Th entering the process from 

the bauxites are separated with the balance of bauxite residue at the end of the cycle. Combining 

this property and the stability of iron oxide phases during the Bayer process, a simple method 

for predicting trace element concentration in bauxite residue based on iron oxide concentration 

in bauxite and derived residue as well as average trace element concentration of the bauxite feed 

is proposed. The given mass balances of trace elements in the Bayer cycle that were previously 

absent from the open literature can be used as inputs to availability and resource estimations. 

 

5. Acknowledgements 

 

The research leading to these results has received funding fro  the European  o  unity’s 

Horizon 2020 Programme (H2020/2014–2019) under Grant Agreement no. 636876 (MSCA-

ETN  EDMUD). This publication reflects only the authors’ views, exe pting the  o  unity 

from any liability. Project website: http://www.etn.redmud.org. 

 

6. References 

 

1. John Allan Stewart Adams and K. A. Richardson, Thorium, uranium and zirconium 

concentrations in bauxite, Economic Geology, Vol. 55, No. 8, 1960, 1653-1675. 

2. T. N. Blankova et al., Neutron-activation analysis of bauxites and products of their 

processing, Journal of Radioanalytical Chemistry, Vol. 38, No. 1-2, 1977, 341-349. 

3. L. K. Hudson, Gallium as a by-product of alumina manufacture, Journal of Metals, Vol. 

17, No. 9, 1965, 948-951. 

4. Sam H. Patterson et al., World bauxite resources, U.S. Government Printing Office, 

1986. 

5. Éimear A. Deady et al., A review of the potential for rare-earth element resources from 

European red  uds: exa ples fro  Seydişehir, Turkey and Parnassus-Giona, Greece, 

Mineralogical Magazine, Vol. 80, No. 1, 2016, 43-61. 

6. György Bárdossy, Karst bauxites: bauxite deposits on carbonate rocks, Elsevier 

Scientific Pub. Co., 1982. 

7. Max Frenzel et al., On the current and future availability of gallium, Resources Policy, 

Vol. 47, 2016, 38-50. 

8. Amund N. Løvik, Eliette Restrepo, and Daniel B. Müller, The global anthropogenic 

gallium system: determinants of demand, supply and efficiency improvements, 

Environmental Science & Technology, Vol. 49, No. 9, 2015, 5704-5712. 

9. Fathi Habashi, Gallium update, 17
th
 International Symposium ICSOBA, Travaux No. 37, 

2006, 141-153. 

10. Ken Evans, The history, challenges, and new developments in the management and use 

of bauxite residue, Journal of Sustainable Metallurgy, 2016, 1-16. 

11. Indian Minerals Yearbook (Part-II: Metals & Alloys) 53
rd

 Edition, Government of 

India, Ministry of Mines, Indian Bureau of Mines, 2015. 

12. R. R. Moskalyk and A. M. Alfantazi, Processing of vanadium: a review, Minerals 

Engineering, Vol. 16, No. 9, 2003, 793-805. 

Travaux 46, Proceedings of 35th International ICSOBA Conference, Hamburg, Germany, 2 – 5 October, 2017.

265



 

13. Rajeev J. Pradhan, S. N. Das, and R. S. Thakur, Vanadium sludge — an useful 

byproduct of alumina plant, Journal of Scientific and Industrial Research, Vol. 58, 

1999, 948-953. 

14. V. G. Logomerac, Distribution of rare-earth and minor elements in some bauxite and 

red mud produced, 2
nd

 International Symposium of ICSOBA, Proceedings, 1971, 383-

393. 

15. B. K. Mohapatra, B. K. Mishra, and C. R. Mishra, Studies on metal flow from 

khondalite to bauxite to alumina and rejects from an alumina refinery, India, Light 

Metals, 2012, 87-91. 

16. Frank R. Feret and Jeannette See, A comparative study of analytical methods of trace 

elements in bauxite and red mud, 18
th
 International Symposium ICSOBA, Zhengzhou, 

China, Travaux, No. 35, 2010, 68-83. 

17. M. Ochsenkühn-Petropulu, T. Lyberopulu, and G. Parissakis, Direct determination of 

landthanides, yttrium and scandium in bauxites and red mud from alumina production, 

Analytica Chimica Acta, Vol. 296, No. 3, 1994, 305-313. 

18. A. M. G. Figueiredo et al., Determination of lanthanides (La, Ce, Nd, Sm) and other 

elements in metallic gallium by instrumental neutron activation analysis, Journal of 

Alloys and Compounds, Vol. 344, No. 1-2, 2002, 36-39. 

19. P. A. Riveros, Recovery of gallium from Bayer liquors with an amidoxime resin, 

Hydrometallurgy, Vol. 25, No. 1, 1990, 1-18. 

20. Jean-Michel Lamerant, Process for extracting and purifying gallium from Bayer 

liquors, US5102512 A, 1992. 

21. Jean-Michel Lamerant, Process for extracting gallium from Bayer liquors using an 

impregnated absorbent resin, US5424050 A, 1995. 

22. P. Selvi et al., Galliu  recovery fro  Bayer’s liquor using hydroxa ic acid resin, 

Journal of Applied Polymer Science, Vol. 92, No. 2, 2004, 847-855. 

23. Zoja Ilić and Aleksandra Mitrović, Deter ination of galliu  in Bayer process sodium 

aluminate solution by inductively coupled plasma atomic emission spectrometry, 

Analytica Chimica Acta, Vol. 221, 1989, 91-97. 

24. E. Bruce Teas and Jan J. Kotte, The effect of impurities on process efficiency and 

methods for impurity control and removal, Bauxite Symposium IV, Kingston, 1980, 100-

129. 

25. Zhuo Zhao et al., Precipitation of vanadium from Bayer liquor with lime, 

Hydrometallurgy, Vol. 115-116, 2012, 52-56. 

26. C. Sato et al., Behavior of radioactive elements (uranium and thorium) in Bayer process, 

reprinted in Essential Readings in Light Metals, 2013, 191-197. 

27. V. A. Derevyankin et al., Behaviour of scandium and lanthanum in the production of 

alumina from bauxite, Izvestiya Vysshikh Uchebnykh Zavedenii, Tsvetnaya 

Metallurgiya, 1981, 86-89. 

28. E. Papp, S. Zsindely, and L. Tomcsanyi, Molybdenum and zinc traces in the Bayer 

process, 2
nd

 International Symposium ICSOBA, Proceedings, 1971, 395-402. 

29. P. Gamaletsos et al., Thorium partitioning in Greek industrial bauxite investigated by 

synchrotron radiation and laser-ablation techniques, Nuclear Instruments and Methods 

in Physics Research Section B: Beam Interactions with Materials and Atoms, Vol. 269, 

No. 24, 2011, 3067-3073. 

30. Platon N. Gamaletsos et al., The role of nano-perovskite in the negligible thorium 

release in seawater from Greek bauxite residue (red mud), Scientific Reports, Vol. 6, 

2016, 1-13. 

31. Hannian Gu et al., Features of distribution of uranium and thorium in red mud, 

Physicochemical Problems of Mineral Processing, Vol. 53, No. 1, 2016, 110-121. 

32. Mohan Yellishetty et al., Quantifying the potential for recoverable resources of gallium, 

germanium and antimony as companion metals in Australia, Ore Geology Reviews, Vol. 

82, 2017, 148-159. 

Travaux 46, Proceedings of 35th International ICSOBA Conference, Hamburg, Germany, 2 – 5 October, 2017.

266



 

33. Koen Binnemans and Peter Tom Jones, Rare earths and the balance problem, Journal of 

Sustainable Metallurgy, Vol. 1, No. 1, 2015, 29-38. 

34. Chenna Rao Borra et al., Recovery of rare earths and other valuable metals from bauxite 

residue (red mud): a review, Journal of Sustainable Metallurgy, Vol. 2, No. 4, 2016, 

365-386. 

35. Volker Zepf, Rare earth elements, Springer, 2013. 

36. M. Laskou and M. Economou-Eliopoulos, The role of microorganisms on the 

mineralogical and geochemical characteristics of the Parnassos-Ghiona bauxite 

deposits, Greece, Journal of Geochemical Exploration, Vol. 93, No. 2, 2007, 67-77. 

37. E. Lavalou, B. Bosca, and O. Keramidas, Alumina production from diasporic bauxites, 

Light Metals, 1999, 55-62. 

38. Christian Adam and Oliver Krüger, Challenges in analysing rare earth elements in 

different waste matrices to determine recovery potentials, 2
nd

 Conference on European 

Rare Earth Resources, Santorini, Greece, Book of Abstracts, 2017, 237-239. 

39. Yasujiro Yamada, X-ray fluorescence analysis by fusion bead method for ores and 

rocks, Rigaku Journal, Vol. 26, No 2, 2010, 15-23. 

40. Upendra Singh and R. S. Mishra, Simultaneous multielemental analysis of alumina 

process samples using inductively coupled plasma spectrometry (ICP-AES), Analytical 

Chemistry: An Indian Journal, Vol. 11, No. 1, 2012, 1-5. 

41. Ruth F. Schulte and Nora K. Foley, Compilation of gallium resource data for bauxite 

deposits, US Geological Survey, 2014. 

42. Floyd Gray et al., Gallium and gallium compounds, Kirk-Othmer Encyclopedia of 

Chemical Technology, 2000, 337-364. 

43. M. Authier-Martin et al., The mineralogy of bauxite for producing smelter-grade 

alumina, JOM, Vol. 53, No. 12, 2001, 36-40. 

44. Michael J. Fenerty, Production of fused alumina, US2961296 A, 1960. 

45. Peter Smith, Reactions of lime under high temperature Bayer digestion conditions, 

Hydrometallurgy, Vol. 170, 2017, 16-23. 

46. Mediha Demet Okudan et al., Effect of parameters on vanadium recovery from by-

products of the Bayer process, Hydrometallurgy, Vol. 152, 2015, 76-83. 

47. D. M. Hoatson, S. Jaireth, and Y. Miezitis, The major rare-earth-element deposits of 

Australia: geological setting, exploration and resources, technical report, Geoscience 

Australia, 2011. 

48. François Santana and Fernando Tartarotti, Alumina recovery estimation through 

material balance in Alumar refinery, 19
th
 International Symposium ICSOBA, Belém, 

Brazil, Travaux, No. 42, 2012, 1-6. 

49. Theopisti Lymperopoulou et al., Optimization of mineral acids leaching process for the 

recovery of rare earth elements from greek red mud, 2
nd

 Conference on European Rare 

Earth Resources, Santorini, Greece, Book of Abstracts, 2017, 182-184. 

 

Travaux 46, Proceedings of 35th International ICSOBA Conference, Hamburg, Germany, 2 – 5 October, 2017.

267




