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The removal of soluble ferrous iron in acid mine drainage (AMD) through the
formation of biogenic iron oxyhydrosulfate precipitates facilitated by
diatomite, quartz sand and potassium
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Abstract: Acid mine drainage (AMD), resulting from the oxidation of iron pyrite (FeS,) and other sulfide min-
erals, is a major problem in coal- and metal-mining districts in that such water often has a lower pH and contains
high concentrations of heavy metals as well as Fe and SO] . Preventing the formation or migration of AMD
from its source is generally considered to be the preferable option. However, due to the practical operational dif-
ficulties in many locations, efforts are directed towards the collection and treatment of the effluent. There are
various options available for AMD treatment, and lime neutralization seems to be the most widely-used method
in the mining industry. Unlike Fe**, Fe?" is difficult to be precipitated unless pH is elevated to 8.5, thus,
from the economic viewpoint, the oxidation of Fe?" to Fe** prior to neutralization is required during the treat-
ment of the Fe*" -rich AMD. Acidithiobacillus ferrooxidans was proved to be efficient for the oxidation of Fe*"
under low pH conditions. During the biological iron oxidation, abundant amounts of ferric iron oxyhydrosulfate

(mainly jarosite) would precipitate. One of the advantages of the precipitate is the relative easiness of filtra-
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tion, thereby the problems associated with settling and filtering neutralized iron solutions are avoided. There-
fore, the enhancement of the formation of ferric iron oxyhydrosulfate will favor the removal of soluble iron in
AMBD. Several factors affect the precipitation of ferric iron oxyhydrosulfate, such as temperature, initial pH, re-
tention time, types and concentrations of jarosite-directing cations (K, Na*, NH, , etc.) and the amounts of
crystal seed. This paper reported the beneficial role of diatomite, quartz sand and K" in iron oxyhydrosulfate for-
mation in the presence of A. ferrooxidans. It was found that both the rate and extent of the formation of iron
oxyhydrosulfate precipitate increased with the increase of the amount of the three materials added to the reaction
system. Compared with the control without the addition of diatomite, quartz sand, or K, the treatments with
10 g of diatomite, 10 g of quartz sand and 80 mmol/L of K increased the removal efficiency of total iron by
8%, 24% , and 20% , respectively, after 72 h of reaction in 160 mmol/L of the initial FeSO, biooxidation sys-
tem. The contents of K and S of the jarosite produced in the K" series increased with the increase of the initial
concentration of K in the liquid media, whereas the content of Fe decreased.
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Fig. 1 Dynamics of Fe?" oxidation in 160 mmol L of initial FeSO, biooxidation system in the presence of diatomite
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Fig. 2 Dynamics of pH during the formation of biogenic secondary iron minerals by A. ferrooxidans in the presence of
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Table 1 Elemental analyses of jarosite formed from the K*
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80 28.1 5.81 11.2 3.3 1.43

KFes SO, , OH 33.5 7.78 12.8 3.0 1.50

Fe Fe’*

KF€3 SO4 2 OH 6

Fe K S

33.5% 7.78% 12.8% 1

K"* 7.14 mmol L Fe

32% 33.5%

K S K

27% K" 80
mmol L K 5.81%

7.78% 74.7%
72 h

Dutrizac

1983



1037

K" H0"

H3OF€3 SO4 2 OH 6
al. 1989 Drouet and Navrotsky 2006 Wang ez
al. 2007

Alpers et

K +
Fet 3¢ H*
pH 2c
pH
SOF -
3
A. ferrooxidans pH
Fe?" K* Fe?*
K* Fel*
3 10 g 10 g 80 mmol
L 72 h TFe
8% 24% 20% Eet
K%
Fe K S
K+
Felt

AMD Fe

References

Alpers C N Nordstrom D K and Ball ] W. 1989. Solubility of jarosite
solid solutions precipitated from acid mine waters
California U.S.A J . Sci. Géol. Bull. 42 281~298.

Aubé B and Zinck ] M. 2003. Lime treatment of acid mine drainage in Cana-
da A . Barbosa ] P et al. Brazil-Canada Seminar on Mine Rehabilita-
tion Proceedings of the Brazil-Canada Seminar on Mine Rehabilitation
Technological Innovations. Florianopolis Brazil Dec. 1-3 2003 C .
Desktop Publishing Rio de Janeiro Brazil 23~39.

[ron Mountain

Bosecker K. 1997. Bioleaching metal solubilization by microorganisms
J . FEMS Microbiol. Rev. 20 591~604.

Cai Jinhui Wu Mingguang Wang Xiongwu et al. 2005. The pollution
of the environments of Dabaoshan polymetalic mine in Guangdong
and its enlightenment J . Geology and Mineral Resources of South
China 4

Cong Zhiyuan and Zhao Fenghua. 2003. Current situation and prospect of the

50~54 in Chinese with English abstract .

research on acid mine drainage J . China Mine Magazine 12 3 15~

18 in Chinese with English abstract .

Daoud J and Karamanev D. 2006. Formation of jarosite during Fe** oxidation
by Acidithiobacillus ferrooxidans J . Miner. Eng. 19 960~967.

Drouet C and Navrotsky A. 2006. Synthesis characterization and ther-
mochemistry of K-Na-H;O jarosites J . Geochim. Cosmochim. Ac-
ta 67 2063~2076.

Dutrizac ] E. 1983. Factors affecting alkali jarosite precipitation J .
Metall. Trans. B. 14B 531~539.

Dutrizac ] E. 1996. The effect of seeding on the rate of precipitation of
ammonium jarosite and sodium jarosite J . Hydrometallurgy 42
293~312.

Foucher S Battaglia-Brunet F  Ignatiadis I ez al. 2001. Treatment by
sulfate- reducing bacteria of Chessy acid-mine drainage and metals
recovery ] . Chem. Eng. Sci. 56 4 1639~1 645.

Gramp ] P Sandy Jones F Bigham ] M ez al. 2008. Monovalent
cation concentrations determine the types of Fe [l hydroxysulfate
precipitates formed in bioleach solutions J . Hydrometallurgy 94
29~33.

Herrera P Uchiyama H Igarashi T ez al. 2007. Treatment of acid
mine drainage through a ferrite formation process in central Hokkai-
do Japan Evaluation of dissolved silica and aluminium interference

20 1255~1260.

[uang Yajie Chen Ning Liang Ying et al/. 2008. Process condition of im-
mobilized Thiobacillus ferrooxidans in fixed-bed bioreactor ] . Chemical

421~425 in Chinese with

in ferrite formation ] . Miner. Eng.

Industry and Engineering Progress 27 3
English abstract .

JCPDS  Joint Committee on Powder Diffraction Standards . 2002. Mineral
Powder Diffraction Files Z . International Center for Diffraction Data
Swarthmore Pennsyvania.

Jensen A B and Webb C. 1995. Ferrous sulphate oxidation using Thiobacillus
Jferrooxidans a review ] . Process Biochem. 30 225~236.

Kalin M Fyson A and Wheeler W N. 2006. The chemistry of conven-

tional and alternative treatment systems for the neutralization of acid

mine drainage ] . Sci. Total Environ. 366 395~408.
Kong Hui. 1998. Treatment of waste water of Japanese mines ] . Met-
al Mine Design and Construction 30 5 58~62 in Chinese with

English abstract .
Kuyucak N. 2001. Acid mine drainage treatment options for mining ef-
14~17.
Lei Liangqi Song Ci’ an  Xie Xiangli ez al. 2009. The prevention and

fluents J . Mining Environ. Manage.

treatment technology of geochemical engineering on acid mine
drainage J . Metal Mine 12 114~120
lish abstract .

LiaoY ZhouL Bai S et al. 2009b. Occurrence of biogenic schwertman-
nite in sludge bioleaching environments and its adverse effect on solubiliza-
tion of sludge-borne metals J . Appl. Geochem. 24 1739~1746.

Liao Y ZhouL Liang] et al. 2009a. Biosynthesis of schwertmannite

in Chinese with Eng-

by Acidithiobacillus ferrooxidans cell suspensions under different
pH condition J . Mater. Sci. Eng. C 29 1 211~215.
Liu Cheng. 2001. Biological approach for treating mine acid drainage
J . Nonferrous Metals Mining 4 39~44 in Chinese .
Mousavi S M Yaghmaei S and Jafari A. 2007. Influence of process

variables on biooxidation of ferrous sulfate by an indigenous



1038

30

Acidithiobacillus ferrooxidans. Part 11
J . Fuel 86 7~8 993~999.
Murdock D] Fox ] R W and Bensley J G. 1994. Treatment of acid

Bioreactor experiments

mine drainage by the high density sludge process A . Proceedings of
the Third International Conference on the Abatement of Acidic
Drainage C . Pittsburgh PA April 24~29 241~249.

Nemati M Harrison ST L Hansford GS ez al. 1998. Biological oxi-
dation of ferrous sulphate by Thiobacillus ferrooxidans a review on
the kinetic aspects ] . Biochem. Eng. J. 1 171~190.

Peppas A Komnitsas K and Halikia I. 2000. Use of organic covers for
acid mine drainage control ] . Miner. Eng. 13 563~574.

Pogliani C and Donati E. 2000. Immobilisation of Thiobacillus ferrooxi-
dans importance of jarosite precipitation J . Process Biochem.
35 997~1004.

Powell ] D. 1988. Origin and influence of coal mine drainage on streams
of the United States J . Environ. Geol. 11 141~152.

Sahoo P K Bhattacharyya P Tripathy S et al. 2010. Influence of dif-
ferent forms of acidities on soil microbiological properties and enzyme
activities at an acid mine drainage contaminated site ] . J. Hazard.

179 966~975.

Sandstrom A and Mattsson E. 2001. Bacterial ferrous iron oxidation of

Mater.

acid mine drainage as pre-treatment for subsequent metal recovery

J . Int. J. Miner. Process. 62 309~320.
Singer P C and Stumm W. 1970. Acid mine drainage
1121~1123.
Silverman M P and Lundgren D G. 1959. Studies on the chemoau-

the rate-deter-

mining step J . Science 3921

totrophic iron bacterium Ferrobcillus ferrooxidans 1. An improved
medium and a harvesting procedure for securing high cell yields J .
J. Bacteriol. 77 642—~647.

Skousen ] G Sexstone A and Ziemkiewicz P F. 2000. Acid mine
drainage control and treatment A . Barnhisel R et a/. Reclamation
of Drastically Disturbed Lands. American Society of Agronomy and
American Society for Surface Mining and Reclamation C . Agrono-
my No. 41. Madison WI 131~168.

Stumm W and Morgan ] J. 1981. Aquatic Chemistry An Introduction
Emphasizing Chemical Equilibria in Natural Waters 2nd Edition

M . New York Wiley 780.

Umita T. 1996. Biological mine drainage treatment J . Resour. Con-

16 179~188.

Wang Changqiu  Ma Shengfeng Lu Anhuai

serv. Recy.

et al. 2005. The forma-

tion conditions of jarosite and its environmental significance J . Acta

Petrologica et Mineralogica 24 6 607 ~ 611 in Chinese with
English abstract .

Wang H Bigham ] M Jones F'S et al. 2007. Synthesis and properties of
ammoniojarosites prepared with iron-oxidizing acidophilic microorganisms
at 22~65C ] . Geochim. Cosmochim. Acta 71 155~164.

Wang Weixing Cao Bo Xu Zhenghe ez al. 1998. Effect of Ca®* on
using ferrite process to treat acid mine drainage ] . China Mining

76~80 in Chinese with English abstract .

Wei Guanjun. 2001. Mine Environmental Engineering M .

Magazine 7 4

Beijing
Metallurgical Industry Press in Chinese .

Wei X and Viadero Jr R C. 2007. Synthesis of magnetite nanoparticles

with ferric iron recovered from acid mine drainage Implications for

environmental engineering ] . Colloids and Surface A Physic-
ochem. Eng. Aspects 294 280~286.

Xiong H Liao Y and Zhou L. 2008. Influence of chloride and sulfate on
formation of akaganéite and schwertmannite through ferrous biooxi-
dation by Acidithiobacillus ferrooxidans cells ] . Environ. Sci.
Technol. 42 23  8681~8686.

Yang Dejiao. 2010. The present situation and development trend of
treatment technology for acid mine drainage ] . Charming China

1 147 in Chinese .

Zhan Youhong. 1994. The application of bacterial oxidation in the treat-

ment of waste water of Japanese mines J . Copper Engineering
3 73~76 in Chinese .

Zhen Huijie Chen Xun and Di Jinshen. 2008. Oxidation of Fe** by im-
mobilized Thiobacillus ferrooxidans in packed bed bioreactor ] .
Petrochemical Technology 37 6 628 ~ 632 in Chinese with
English abstract .

Zhou Lixiang. 2008. Biogenic iron oxyhydrosulfate and iron oxyhydroxide oc-
curring in acid mine drainage and their environmental engineering implica-
tions J . Earth Science Frontiers 15 6 74 — 82 in Chinese with
English abstract .

Zhou Shungui Zhou Lixiang and Wong ] W C. 2004. Biosynthesis and

characterization of jarosite J . Spectroscopy and Spectral Analysis

24 9 1140~1 143 in Chinese with English abstract .
. 2005.
J. 4 350~54.
. 2003. J .
123 15~18.
. 2008.
] 27 3 421~425.
. 1998. ] 30
5 58~62.
. 2009. AMD
J. 12 114~120.
. 2001. ]
4 35 39—44.
. 2005.
M . 24 6  607~611.
. 1998. Ca®*
J . 74 76~80.
. 2001. M .
. 2010. J.
1 147.
. 1994. J.
3 73~76.
. 2008.
Fe?! J. 37 6 628~632.
. 2008.
] 15 6 74~82.
. 2004. M .
24 9 1140~1 143.



