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Abstract 

A wide range of impurities enter the process streams of alumina refineries, most of which 
originate from the bauxite ore. These impurities, primarily in the form of sodium salts, 
accumulate in the refinery’s liquor streams until a steady state is achieved between the inputs 
and the various outputs that exist within a typical refinery. Unchecked, these impurities can 
significantly impact the productivity and/or product quality of the refinery. Not surprisingly, 
over the 130 year history of the Bayer process, a large number of impurity removal processes 
have been proposed, and in some cases, implemented. The introduction and operation of these 
processes has rarely been trouble-free, for reasons of performance, safety or public perception: 
sometimes all three at once. In this paper, the major impurities present in most Bayer circuits 
and the various removal mechanisms and strategies that exist to manage them are reviewed, and 
some of the issues and challenges that have arisen as a result are discussed. The influence that 
impurities have upon the characteristics of bauxite residue is also described.  
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1. Introduction

In the Bayer process, bauxite ore is digested in a highly concentrated caustic soda solution, 
usually at elevated temperatures and pressures. The process relies upon the lower solubility of 
the hydroxides of most metals relative to aluminium, but under these conditions it is inevitable 
that small amounts of a wide range of materials are extracted, typically as the corresponding 
oxy-hydroxide or hydroxide anions. Due to the cyclic nature of the Bayer process, these anions 
can accumulate to quite high concentrations in the refinery’s liquor stream over time, if not 
controlled. Apart from possible effects upon digestion behavior or precipitation performance, 
the formation of these anionic species also represents a loss of caustic soda.   

Certain impurities (such as carbonate, oxalate, various organic species and sulfate) are common 
to most refineries, due to their ubiquitous presence in almost all bauxite deposits, but others can 
present special problems due to the relative abundance of particular minerals in bauxite from 
particular regions. While other materials that are added to assist the refining process (such as 
flocculants) add slightly to the impurity load, they are minor compared to the input with bauxite 
and rarely accumulate to a level where they cause operational problems. 

A comparison of the elemental compositions of bauxite from various locations is shown in 
Table 1. These data are drawn from various sources, including Lapin et al. [1], Anand et al. [2], 
Ball and Gilkes [3], Rao and Goyal [4], See and Feret [5] and Wellington [6]. Bauxite 
composition can of course vary greatly within a region and even a specific deposit, and is 
further dependent upon the mine plan and cut-off grades, but the data in the table provides an 
indication of the typical issues that can arise from the processing of bauxite from each of these 
regions.  
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Karst bauxites, such as those from Greece and Jamaica, have high inorganic carbon content due 
to their formation over carbonate minerals such as limestone or dolomite. Western Australian 
bauxite deposits derive from two quite different parent rock types, but nevertheless underwent 
similar laterization events. They both contain slightly elevated organic carbon and sulfur 
contents that, when combined with low extractable alumina content, contribute to high inputs of 
sulfate, organic salts and oxalate to the refineries that process them. 
 
Guinean, Indian and especially Jamaican bauxites possess a relatively high phosphate content, 
which can require specific control steps to avoid product contamination. Many Indian bauxite 
deposits contain high titanium and vanadium content; requiring special removal techniques [7]. 
 
Jamaican bauxite is infamous for its high and very fine goethite content, making it difficult to 
settle during clarification [8], but it also presents special issues with organic carbon, zinc and 
manganese. See and Feret [9] have suggested these latter elements derive from zinc-substituted 
lithiophorite ((Al,Li)MnO2(OH)2) within the deposit.  
 

Table 1. Composition of various Bauxite deposits. 
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Al2O3 Tot. 49.41 53.4 55.7 56.6 53 37.2 38 48.5 46.8 
SiO2 Tot. 1.7 4.2 5.8 4.2 5.1 15.5 2.8 2.7 1.98 
Fe2O3 Tot. 19.06 13.9 11.9 21.9  24.5 35 17 19.2 
CaO 0.01  0.01  0.01 0.01 0.01 0.02 1.13 
C inorganic 0.06 0.01 0.03 0.41   0.1  0.4 
C organic 0.11 0.03 0.23 0.08  0.2 0.2 0.11 0.2 
C total 0.17      0.3  0.6 
S total 0.032 0.04 0.03  0.06 0.09 0.1 0.05 0.08 
P2O5 0.14 0.02 0.07  0.01 0.02 0.015 0.13 0.38 
TiO2 2.94 1.1 2.7 2.8 1.2 2 2.7 5.32 2.25 
Na2O 0.01 0.02 0.01  0.02 0.004  0.02 0.03 
MnO 0.02 0.01 0.03   0.006 0.003 0.04 0.32 
K2O 0.03 0 0.01  0.01 0.06  0.03 0.01 
MgO 0.01 0.01 0  0.005 0.006  0.05 0.08 
V2O5 0.05 0.04 0.06  0.05 0.06 0.05 0.19 0.11 
ZnO 0 0 0   0.002 0.003 0.008 0.03 
F      0.08 0.06   
LOI 26.7 27 23.2 12.2 27 19.8 21 25.7 26 
 
Guinean bauxite is generally benign with respect to impurity input, although its relatively high 
goethite content coupled with the need to digest at high temperature to extract the boehmite 
content can result in problems with iron contamination in the product. Refineries processing this 
bauxite also tend to produce alumina with elevated gallium content. The comparatively high 
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sometimes referred to as pH “bounce-back” or “reversion”). In the case of DSP, this also 
constitutes a mechanism for the slow release of soluble sodium into the residue as the DSP 
decomposes. While the minimization of DSP has been a goal of the industry for many decades, 
for residue use it is necessary to either reduce its input or find new ways to destroy it.  
 
Alternatives already exist for TCA. The high efficiency causticisation processes described 
earlier can greatly reduce TCA content in residue, and other sources, such as filter aid, can be 
isolated from the residue and potentially re-used. The practice of sodium oxalate causticisation, 
due to its inefficiency, also contributes to the presence of unstable quaternary calcium aluminate 
species in residue, along with unreacted lime. Alternatives, such as the recent developments in 
biological oxalate destruction, hold promise as a means of reducing this.  
 
The presence of zinc sulfide can result in odours (due to biological activity), and contribute to 
the toxic content of the residue (although it could be argued that this is simply returning the zinc 
to its source). Similarly, sulfates, when present with an organic source such as oxalate, can be 
reduced and create odour problems.  
 
4. References 
 
1. A.A. Lapin, et al., Some features of technology of different bauxites processing into 

alumina, in Proceedings of the Fourth International Alumina Quality Workshop, P. 
McIntosh, et al., Editors. 1996, Alumina Quality Workshop Inc.: Darwin, NT. p. 458-
465. 

2. R.R. Anand, et al., Geochemical and mineralogical characteristics of bauxites, darling 
range, western australia. Applied Geochemistry, 1991. 6: p. 233 - 248. 

3. P.J. Ball and R.J. Gilkes, The mount saddleback bauxite deposit, southwestern australia. 
Chemical Geology, 1987. 60: p. 215 - 225. 

4. K.V. Ramana Rao and R.N. Goyal. Organic carbon in indian bauxites and its control in 
alumina plants. in 135th Annual Meeting & Exhibition of the Minerals, Metals & 
Materials Society (TMS):  Linking Science and Technology for Global Solutions. 2006. 
San Antonio, TX: The Minerals, Metals & Materials Society, March 13-16, 2006, 71-
74. 

5. J. See and F. Feret. The occurrence of accessory elements relative to mineralogy in 
selected bauxites. in ICSOBA. 2005. 51 - 67. 

6. M.A. Wellington, Effect of thermal treatment of bauxite ore on carbon (organic and 
inorganic) content and solubility in bayer process liquor. Industrial & Engineering 
Chemistry Research, 2013. 52(4): p. 1434-1438. 

7. N.K. Kshatriya and P.K.N. Raghavan. Improvement in vanadium salt separation. in 
International Conference on Non-Ferrous Metals. 2005. Pune, IN, July 8-9, 2005, Tech 
15/1-15/9. 

8. G.I.D. Roach, et al., Effect of particle characteristics on the solids density of bayer mud 
slurries, in Essential readings in light metals, D. Donaldson and B.E. Raahauge, 
Editors. 2013, John Wiley & Sons, Inc.: Hoboken, NJ. p. 417-424. 

9. F.R. Feret and J. See. Occurrence and characterization of zn and mn in bauxite. in 135th 
Annual Meeting & Exhibition of the Minerals, Metals & Materials Society (TMS):  
Linking Science and Technology for Global Solutions. 2006. San Antonio, TX: The 
Minerals, Metals & Materials Society, March 13-16, 2006, 41 - 45. 

10. S.C. Grocott and S.P. Rosenberg, Soda in alumina. Possible mechanisms for soda 
incorporation, in Smelter grade alumina for the 1990's and beyond: An International 
Alumina Quality Workshop, P. McIntosh, et al., Editors. 1988, Alumina Quality 
Workshop Inc.: Gladstone, QLD. p. 271-287. 

11. L. Armstrong, Bound soda incorporation during hydrate precipitation, in Third 
International Alumina Quality Workshop: Alumina Quality - Meeting Customer Needs, 

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

192



AQW Technical Committee, Editor. 1993, Alumina Quality Workshop Inc.: Hunter 
Valley, NSW. p. 282-291. 

12. C. Vernon, et al., Soda incorporation during hydrate precipitation, in Essential readings 
in light metals, D. Donaldson and B.E. Raahauge, Editors. 2013, John Wiley & Sons, 
Inc.: Hoboken, NJ. p. 602-607. 

13. P. Sipos, The structure of al(iii) in strongly alkaline aluminate solutions — a review. 
Journal of Molecular Liquids, 2009. 146(1-2): p. 1-14. 

14. S.P. Rosenberg and S.J. Healy, A thermodynamic model for gibbsite solubility in bayer 
liquors, in Proceedings of the Fourth International Alumina Quality Workshop, P. 
McIntosh, et al., Editors. 1996, Alumina Quality Workshop Inc.: Darwin Northern 
Territory. p. 301-310. 

15. E. Königsberger, et al., A comprehensive physicochemical model of synthetic bayer 
liquors, in Proceedings of the Seventh International Alumina Quality Workshop, AQW 
Technical Committee, Editor. 2005, Alumina Quality Workshop Inc.: Perth, WA. p. 74-
77. 

16. F. Wu, Aluminous goethite in the bayer process and its impact on alumina recovery and 
settling, in PhD Thesis: Department of Chemistry. 2012, Curtin University: Western 
Australia. p. 228. 

17. G. Riley, et al., Effect of titanium species on the precipitation of boehmite under 
digestion conditions. Hydrometallurgy, 2017. 170: p. 2-4. 

18. A. Suss, et al., High titanium bauxites: Specific features of mineral composition and 
behaviour in bayer cycle (by the example of indian bauxites), in Proceedings of the 
Sixth International Alumina Quality Workshop, AQW Technical Committee, Editor. 
2002, Alumina Quality Workshop Inc.: Brisbane, QLD. p. 180 - 184. 

19. G.I.D. Roach, The equilibrium approach to causticisation for optimising liquor 
causticity, in Essential readings in light metals, D. Donaldson and B.E. Raahauge, 
Editors. 2013, John Wiley & Sons, Inc.: Hoboken, NJ. p. 228-234. 

20. S.P. Rosenberg, et al., Some aspects of calcium chemistry in the bayer process, in 
Essential readings in light metals, D. Donaldson and B.E. Raahauge, Editors. 2013, 
John Wiley & Sons, Inc.: Hoboken, NJ. p. 210-216. 

21. S.P. Rosenberg, et al., Improved bayer causticisation, 1999, Australia, 1999058412. 
22. S.P. Rosenberg, et al., High temperature process for causticisation of a bayer liquor, 

2012, Australia, 2012203292. 
23. G.D. Roach, et al., Method for the causticisation of bayer process solutions, 2007, 

Canada, 2596897. 
24. J.L. Porter, Process of purifying caustic aluminate liquors, 1959, United States, 

2889982. 
25. J.T. Malito and G.C. Rogers Jr., Purification of impure bayer process liquors, 1984, 

United States, 4,430,310. 
26. A.A. Anderson, Process of purifying caustic aluminate liquors, 1957, United States, 

2806766. 
27. H. Mercier, et al., Purification of solutions circulating in the bayer cycle, 1978, USA, 

US 4,101,629. 
28. S. Ostap and D. Bartok, Removal of sodium carbonate and sodium sulfate from bayer 

solutions, 1970, United States, 3,508,884. 
29. D.M. Southwood-Jones and S.P. Rosenberg, Removal of impurities in bayer process, 

1995, Australia, 1995020347. 
30. D.J. Wilson, et al., Fluoride chemistry in the bayer process, in 6th International 

Alumina Quality Workshop. 2002: Brisbane. p. 281-287. 
31. S.P. Rosenberg, et al., Process for the removal of oxalate and or sulphate from bayer 

liquors, 2007, United States, 7244404B2. 
32. D.M. O’Hare, et al., Process for removing impurities from bauxite, 2002, United States, 

6,479,024. 

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

193



33. G. Power and J. Loh, Organic compounds in the processing of lateritic bauxites to 
alumina. Hydrometallurgy, 2010. 105(1-2): p. 1-29. 

34. G. Power, et al., Organic compounds in the processing of lateritic bauxites to alumina 
part 2: Effects of organics in the bayer process. Hydrometallurgy, 2012. 127-128: p. 
125-149. 

35. B. Gnyra, Removal of oxalate from bayer process liquor, 1981, United States, 4275043. 
36. B. Schepers, et al., Method for removing harmful organic compounds from aluminate 

liquors of the bayer process, 1977, United States, 4046855. 
37. W.A. Nigro and G.A. O'Neill, Method for reducing the amount of colorants in a caustic 

liquor, 1991, United States, 5068095. 
38. F.S. Williams and A.J. Perrotta. Enhanced oxalate removal utilizing the multi-

functional purox process. in 127th Annual Meeting & Exhibition of the Minerals, Metals 
& Materials Society (TMS). 1998. San Antonio, TX: Minerals, Metals & Materials 
Society, Feb 15-19, 1998, 81 - 87. 

39. A.R. Gillespie, Bayer liquor purification by nano-filtration membranes, in Proceedings 
of the Seventh International Alumina Quality Workshop, AQW Technical Committee, 
Editor. 2005, Alumina Quality Workshop Inc.: Perth, WA. p. 149 - 152. 

40. A. Costine, et al., Understanding the origin and mechanism of hydrogen production in 
the bayer process, in Proceedings of the 9th International Alumina Quality Workshop, 
AQW Technical Committee, Editor. 2012, Alumina Quality Workshop Inc.: Perth, WA. 
p. 208-213. 

41. J. Dong, et al. Wet oxidation of bayer liquor organics: Reaction mechanisms. in 139th 
Annual Meeting & Exhibition of the Minerals, Metals and Materials Society (TMS). 
2010. Seattle, WA: The Minerals, Metals and Materials Society, February 14-18, 2010, 
209-213. 

42. D.W. Arnswald, et al., Removal of organic carbon from bayer liquor by wet oxidation 
in tube digesters, in Essential readings in light metals, D. Donaldson and B.E. 
Raahauge, Editors. 2013, John Wiley & Sons, Inc.: Hoboken, NJ. p. 304-308. 

43. R. Gnyra and G. Lever, Review of bayer organics-oxalate control processes, in 
Essential readings in light metals, D. Donaldson and B.E. Raahauge, Editors. 2013, 
John Wiley & Sons, Inc.: Hoboken, NJ. p. 278-283. 

44. D.A. Swinkels and K. Chouzadjian, Removal of organics from bayer process streams, 
1989, United States, 4836990. 

45. L. Armstrong and G. Soucy. Oxidation of bayer liquor organics with submerged 
plasma. in 136th Annual Meeting & Exhibition of the Minerals, Metals & Materials 
Society (TMS). 2007. Orlando, FL: The Minerals, Metals & Materials Society, Feb 25 - 
March 1, 2007, 145-149. 

46. K. Yamada and Y. Shibue, Method for treatment of a bayer liquor, 1981, United States, 
4280987. 

47. J.M. Alvarado, et al., Solid-liquid calcination (slc) process for liquor burning, in 
Proceedings of the Fourth International Alumina Quality Workshop, P. McIntosh, et al., 
Editors. 1996, Alumina Quality Workshop Inc.: Darwin Northern Territory. p. 383 - 
392. 

48. M. Brueckner and M.A. Mamun, Living downwind from corporate social responsibility: 
A community perspective on corporate practice. Business Ethics: A European Review, 
2010. 19(4): p. 326-348. 

49. D.R. Chinloy, et al., Processes for the alkaline biodegradation of organic impurities, 
1993, United States, 5271844. 

50. A.J. McKinnon and C.L. Baker, Process for the destruction of organics in bayer process 
streams, 2014, United States, 20140051153. 

51. E.J. Jamieson, Method for management of contaminants in alkaline process liquors, 2008, 
International, WO2008017109. 

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

194



52. J.S. Bhatti, et al., Influence of soil organic matter removal and ph on oxalate sorption 
onto a spodic horizon. Soil Sci. Soc. Am. J., 1998. 62: p. 152 -158. 

53. P. Atkins and S.C. Grocott, The liquid anion exchange process for organics removal, in 
Light Metals, S.K. Das, Editor. 1993, The Minerals, Metals and Materials Society: 
Denver, USA. p. 151 - 157. 

54. W.J. Roe and J.T. Malito, Purification of bayer process liquors, 1986, United States, 
4578255. 

55. M.E. Keeney and S.C. Grocott, Crystallisation of sodium oxalates, 1988, Australia, 
1988024528. 

56. R.A. Morton, Hydrate precipitation and oxalate removal, 1993, 1993050778. 
57. G. Ruecroft, et al. Improving the bayer process by power ultrasound induced 

crystallization (sonocrystallization) of key impurities. in 134th Annual Meeting & 
Exhibition of the Minerals, Metals & Materials Society (TMS). 2005. San Francisco, 
CA: The Minerals, Metals & Materials Society, February 13-17, 2005, 163-166. 

58. D. Hipkiss, Removal of contaminants from a bayer liquor, 2007, International, 
WO2007/066143 B2. 

59. A. O’Connell, et al., Maintaining an oxalate free precipitation circuit at aughinish 
alumina, in Proceedings of the Sixth International Alumina Quality Workshop, AQW 
Technical Committee, Editor. 2002, Alumina Quality Workshop Inc.: Brisbane, QLD. 
p. 270 - 273. 

60. S.C. Grocott and I.R. Harrison, Two new oxalate removal processes, in Proceedings of 
the Fourth International Alumina Quality Workshop, P. McIntosh, et al., Editors. 1996, 
Alumina Quality Workshop Inc.: Darwin Northern Territory. p. 424-435. 

61. T.S. Li, et al., The influence of solid phase oxalate (spo) on gibbsite secondary 
nucleation in synthetic caustic-aluminate solution, in Proceedings of the 9th 
International Alumina Quality Workshop, S. Eyer, et al., Editors. 2015, Alumina 
Quality Workshop Inc.: Perth, WA. p. 165-173. 

62. G.P. Power and W. Tichbon, Sodium oxalate in the bayer process: Its origin and effects, 
in Second International Alumina Quality Workshop: Alumina Quality in a Highly 
Dynamic Market Environment, AQW Technical Committee, Editor. 1990, Alumina 
Quality Workshop Inc.: Perth, WA. p. 99 - 115. 

63. R.D. Brassinga, et al., Biodegradation of oxalate ions in aqueous solution, 1989, 
Australia, 1989039465. 

64. R.A. Morton, et al., Biological disposal of oxalates, 1991, Australia, 1991073182  
65. N.J. McSweeney, The microbiology of oxalate degradation in bioreactors treating bayer 

liquor organics wastes, in PhD Thesis: School of Biomedical, Biomolecular Sciences. 
2011, University of Western Australia. p. 149. 

66. H. Wang and A.A. Adesina, Photocatalytic causticization of sodium oxalate using 
commercial ti02 particles. Applied Catalysis B: Environmental, 1997. 14: p. 241 - 247. 

67. J. Bangun and A.A. Adesina, The photodegradation kinetics of aqueous sodium oxalate 
solution using tio2 catalyst. Applied Catalysis A: General, 1998. 175: p. 221 - 235. 

68. A. Suss, et al. Sodium oxalate salt cake degradation when exposed to natural factors in 
the disposal area. in 34th International Conference and Exhibition of ICSOBA: Bauxite, 
Alumina and Aluminium Industry in Canada and New Global Developments. 2016. 
Quebec, CA: Academie Croate des Sciences et des Arts, 1-6. 

69. J.J. Thomas, et al., Fluoride content of clay minerals and argillaceous earth minerals. 
Clays and Clay Minerals, 1977. 25: p. 278-284. 

70. G. Sipos, et al., Solubility concentrations of arsenic, fluorine, phosphorus and vanadium 
in evaporated bayer liquor, in 6th International Alumina Quality Workshop. 2002: 
Brisbane. 

71. E. Savkilioglu, et al., The control of fluoride concentration in eti aluminyum bayer 
refinery liquor, in 142nd Annual Meeting & Exhibition of the Minerals, Metals and 

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

195



Materials Society (TMS), B. Sadler, Editor. 2013, The Minerals, Metals and Materials 
Society: San Antonio, TX. p. 183-186. 

72. S.P. Rosenberg, et al., Process for the removal of anionic impurities from caustic 
aluminate solutions, 2010, United States, 7691348 B2. 

73. P. Smith, et al., Understanding growth of dsp in the presence of inorganic ions, in 
Proceedings of the Sixth International Alumina Quality Workshop, AQW Technical 
Committee, Editor. 2002, Alumina Quality Workshop Inc.: Brisbane, QLD. p. 191 - 
194. 

74. P. Smith, The processing of high silica bauxites — review of existing and potential 
processes. Hydrometallurgy, 2009. 98(1-2): p. 162-176. 

75. T. Harato, et al., The development of a new bayer process that reduces the desilication 
loss of soda by 50% compared to the conventional process, in Proceedings of the 
Fourth International Alumina Quality Workshop, P. McIntosh, et al., Editors. 1996, 
Alumina Quality Workshop Inc.: Darwin Northern Territory. p. 311 - 320. 

76. K.G. Hrishikesan, et al., Treatment of bayer process digester slurry, 1969, United 
States, 3469935. 

77. R. Magrone, Process for removing zinc from aluminate liquor, 1974, Great Britain, 
1373843A. 

78. R.D. Bird and H.R. Vance, Zinc removal from aluminate solutions, 1981, United States, 
4282191. 

79. A.G. Suss, et al., Optimization of elemental sulfur utilization for zinc removal, in 
Proceedings of the 9th International Alumina Quality Workshop, S. Eyer, et al., Editors. 
2015, Alumina Quality Workshop Inc.: Perth, WA. p. 383 - 388. 

80. P.J. The, Removal of copper and zinc species from bayer process liquor by filtration, 
1983, United States, 4414115. 

81. P. Smith, Reactions of lime under high temperature bayer digestion conditions. 
Hydrometallurgy, 2017. 170: p. 16-23. 

 

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

196


	_Hlk492221795



