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The Study of Inhibition of Arsenopyrite Oxidation
by Coating Treatment

Ramaimas Chankoa'
Dhurakijpundit University, Prachacheun Rd., Laksi, Bangkok 10210

and Virote Boonamnuayvitaya2

\_ King Mongkkut’s University of Technology Thonburi, Bangmod, Toongkru, Bangkok 10140 )

Abstract

The chemical and biochemical oxidation of arsenopyrite caused the release of arsenic to environment.
In this work, we studied the inhibition arsenopyrite oxidation by coating with sodium silicate. In the experiment,
0.00IM NaQSiOS.9H20 atpH 1, 3, 5and 7 was used to coat on the particles (size < 300 [m or average size
145 Pm) of arsenopyrite mineral. We chose pH at pH 3 and 5 as appropriate condition for the coating since the
amount of iron and arsenic detected in solution was less than other condition (Fe conc. < 0.02 ppm, As conc.
< 0.05 ppm) Arsenopyrite particles coated with 0.001M NagSiOg.9HQO at pH 3 and 5 were subject to test for
the surface resistance to chemical oxidation by 0.145M HQO2 at pH 2, 4 and 5. It was found surface coating at
pH 3 resisted to chemical oxidation superior than that of coating at pH 5. In the microbial adsorption experiment
on arsenopyrite coated and uncoated surfaces using Thiobacillus ferrooxidans, it demonstrated that there was
some difference in the number adsorbed cells. Since the adsorption followed the Langmuir adsorption isotherm,
therefore we could analyze the maximum adsorption capacity (X, of the particle surface. It was found X,
for the coated and uncoated arsenopyrite surface was 4.710 x 10” and 7.281 x 10’ cells/g of FeAsS respectively.

So we concluded that coated sodium silicate suppressed the adsorption of Thiobacillus ferrooxidans.

Keywords : Coating / Oxidation / Arsenopyrite / Thiobacillus ferrooxidans /

Langmuir Adsorption Isotherm
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4Fe” +4H"+0, —>  Fe*"42H,0 &)
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Anodic oxidation :

bacteria

FeAsS —» Fe”'+As>+S+7e (5)
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Langmuir Adsorption Isotherm fnviunls
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k, X, (1-60)=k,0

Kk, X,
(kd + ka XL)

Tasrviuals

ka
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3.2 An1sNaane

nsAnET pH fiwane lunsedauiiansislulwlsd

T '8 @wmeymatiosndn 300 lulasns wieAaduUszanu 145 lulaswns) 60 n3u a
Turadiiinza3an UL U UAUINAY 5 LBuRlnT maoqﬂniiﬁmswmaaoﬁu m’[ugﬂﬁ 1 el
anfilulnlsd 10 n3u @uneynAtosndt 300 TulaswpsAadsyszana 145 Tulasing) wazl mae
60 n¥udaiu udrFedrmssuarersinlulnlsdiie 2M HCl 1 &n3 2M HF 1 8as uazin DI 2 Aas #e
Sasmslva 5 fadansseund nduden 1azaneieuiaginng 6 ans Seusznaudin 0.01M
CH3COONa.3H,0 0.1M NaCl 0.001M Na,SiO3.9H,0 uaz 0.145M H,0, USU pH 289 15tARBURHD
Wity 1 Tagld 12 M HS0, 1 sazanselpuiilnaiuasduiifiodninisina 5 Aadlnsseundi u
LIz 18 Falae warialiUstanm 1 e1find (Gevinsiadeuin fnsnuas 1IYRTAWDBNNN
wianiu 15edputing udnh 0.145M H,0, U331as 6 ans Inaruesauisdnsinisiva 5 adans
found wdvemiuAufegnes 1sazawanaeind Ustana 5 faddnsiiolldessinsinaumin
e 199y $I81A389 Atomic Adsorption Spectrophotometer (AAS) GBC 932AA firNeInaY 2483
Tulaswasuaz 1937 lulasins muddy yng 1 Falue Wunaszanm 18 $alae vinismasesisy
Wenfudnedu uswdsu pH 289 sazanawievAndu 3 5 uas 7 WAZYNINARBITAAILAN I
asululnlssililsindaufafialilunisseudioy

nsfnsUss “nEnwassmaiafauisiansiiugensiiaufisensandintunivad

T 51w 60 n3u aslupssind T o finlulwlsd 10 n¥u uasl maw 60 n3n FogUil 1 dmse
waraSilulnladiiag 2M HCI 1 &ns 2M HF 1 ans uazti DI 2 ans Fednsmslna 5 daddnsseuni
Pntfuaien 1sazaBeReuiiUines 6 AnT Saulsznausian 0.01M CHzCOONa.3H,0 0.1M NaCl 0.001M
Na,SiO3.9H,0 uaz 0.145M H,0, USu pH winitu 3 Tasld conc. H,S0, 1 1sazansiafauialnaniu
peaNIIsEdRsINsine 5 AaRansdeunit useteliAimnedmySinamanuay Iy NN 1 Flag
hunantszann 18 Falas uasfioliszann 1 anfing wdnir 0.145M H,0, US pH wihiiu 2 Tasld 12M
H,S0, 15813 6 Ans InanuesduifednIn1lva 5 afanisaui imiuifuseilAinssim
USnaumanuay 15ny e 1 Flue waaidszann 18 Falae insmassauieaiuineduwsifey
pH 289 0.145M H,0, 1fiu 4 waz 5 mwady uazyhmamaasudsioinesulaswdey pH 09

azansafauiniu 5

miﬁﬂmmsgﬂﬁummL%ﬂl.tﬂﬂﬁl,%ﬂ T. ferrooxidans vufinarslulwlsdmdaviouaslaly
wAavAdelBsNBAINA

\WIBNTIAFUBNYWIUIA 250 NARAnT 7 Tu s 1587913 9K medium 153N 90 fadans Hnde
wuafiiSe T, ferrooxidans lERNN19¥ starter innadindudasas 10 wazl 'ar5lulnlsd 0.4 n3u &g
Tuudazzasilegndenisaaegnfinnusisey 50 sausaunil Wiusiaeeiiiaan 0 20 40 60 80 100
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wae 120 w1l LLﬁfsﬁflﬁ’aamﬁmswzﬁmmmLﬁuﬁummwaéﬁLLmuaaﬂagTu 1sazae (laedd directing
counting niamTTiuTuIusad neld bacteria counting chamber) Lﬁaml,’m’lﬁl,%mmﬂﬁﬁﬂ T. ferrooxidans
i nsgeduntn uaa msmaaoﬁﬁwLﬁ@‘lﬁﬂiﬁﬂdﬁﬂﬁ@ﬂﬁﬂLﬁﬂﬁuaﬂﬁa u@aﬂ”aﬁﬁnmmuwiﬂs e
nywlnldnanszanm 60 wil Seliinimassadindnlasasusiulsrasenudaduisadursde
wuafiiSe T, ferrooxidans Mlda1nn5in starter finadadusingg Usinaudosar 2 4 6 8 10 12 uas
14 asluwsazen dlUendiendasagfinnuisisey 50 saudeundl Wiusetnsudazaindiniairiu
10 60 wil WseenelutiusuIusas LLazﬁwmwﬁaﬁmiﬁm:wfmmmLﬁuﬁumaumﬂﬁﬁﬂﬁ@mﬁ’uuu
oinlulnlsd, X, Muanaudaduzesuuafids, X T 11azas uazvinanasesdnadanfioudnedu u
wasufuefislulwlsdfiiiunsiafiouafiie 0.001M NaySiOz9H,0 i pH 3

4. HANTINARBILAZ IO

asAnEnsefRavRiaslulnlsfiiani pH Mwsne N

nseandiatuniaaiuazniediadiu ﬁmqﬁﬁﬂﬁ ﬁwguwéns:marmnmﬁau 9113
fufan1aifeuiseneendiaduniviafiuazmeiiailasinmaaievfiteSisTulnlsfdelniondang 7
pH 1 3 5 uaz 7 laslumsedavvuinersiwlulnlsasslniendanaezfiunssudiniseandaduma
wiuaznediaiizasorfislulnlsd  lavanmisefsviagieloifsndainnssidunistieeiuiiizes
o Silulnlsaladls “us M sendiau wazqdunid Fadu wmeiiFensislulnlsfgnesndindums
wiluazneduad iWahonsiglulwlsdiiunsiedoiuiiline sumafaUiismeandindumaad ns
T#lalasiauaseanlad (H,0,) pH Uszann 5 Svazinfioutuniseandiadudeoandiauuazii [11], [12]
mng‘ﬂﬁ 2 ﬁagﬂﬁ 3 wuhddunaunanuas ﬁswgﬁmwwﬂu Nsazaefivanutoei qmﬁa*ﬁwmimﬁau
fansislulnlsddelnfondanedl pH 3 war 5 laswSsudisufuySanumdnuas ﬁwgﬁlm'gawﬂu

sazawlunmane sulfisoeandiadumsiafivesariislulwlsiiiaiauiasaelsifondainai pH 1 3
57 uazendizlulnlsinlildiunsiedoniin uasUSinaumanuaz swyiinsanuly mazaesesiaefeui
pH 3 uaz 5 tufivswutdssnitlusfilulnwlsdildlsmdsvionnn u avlddfiuiinisiadavin

arsslulnlsadeloidondined pH 3 uar 5 fiu pH fmanz dlumstudemaiaujisoeendindu
TagamAuazii
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nsAneyse “nEnwesnisiadauiafle luifendainadantsfiugenisiinu)iseieand
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anSeanaazning X /X, fu X azld amst uasedeiianaduidu 17X, ez 9adaunu X
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Tovansislulnlsdfidsuiameloifonsang (Na,Si0;9H,0) # pH 3 fidmsgaduresidounaiisy
9 auiiy 4.710x10° iradreniuensiolulnls wazdn suganseaduwinty 2.654x10-8 Aaddnssioizan
LLatE]’]%L’ﬁiu\lw\l,‘iﬁﬁ\bﬂﬁLﬂﬁauﬁ’;ﬁﬁ’]ﬂ’]i@ﬂ‘fﬁJﬂadL%ﬂLLUﬂﬁL%H”\‘] Awindy 7.231x10° 1sadsen3y
anfilulnlsd uazdr upamIgaduwiiu 4609x10°° Anddnssawnad b aslFiFuiimMaaieuin e
amﬂ%mmm‘sgmdﬁ’maaLﬂﬁmmﬂﬁﬁﬂ Thiobacillus ferrooxidans vufineslulwlsald 1iufe 1w1snan
mspandesunwinaillasdeuuaiiGe T ferrooxidans

6. 1an 1591999

@ aa °

1. nsueuANNaRY nsznsinendl af wmalulafuas “suindon uazu3sidudd i, 2541,
swvmary wysal lasens “1Tauasiinse il ”mw"'umui/ﬁﬁ’ﬁmiﬁugv nmmatuiouey 75141,}41/7'
BUNDIDUNYRE FINTAUATATOTINGIY, M 1-45.

2. 9w Iwdnsusennsal, 2540, msdnsdamntlymuaznsuilonIsunsnsz ey 191y 5UND
Souiyad SaniauAsAsoTINTIY, N9 IWIAABNNIWENNTEI NIaMSwensad, Wi 1-13.

3. Silverman, P. M. and Ehrlich, H. L., 1964, “Microbial Formation and Degradation of Minerals,”
Advance of Applied Microbial, Vol. 6, pp. 153-206.

4. Evangelou, V. P., 1995, “Potential Microencapsulation of Pyrite by Artificial Inducement of
Ferric Phosphate Coatings,” Journal of Environmental Quality, Vol. 24, pp. 535-542.

5. Zhang, Y. L. and Evangelou, V. P., 1996, “Influence of Iron Oxide Forming Conditions on
Pyrite Oxidation,” Soil Science, Vol. 161, pp. 852-864.

6. Zhang, Y. L. and Evangelou, V. P., 1998, “Formation of Ferric Hydroxide-Silica Coating on

Pyrite and its Oxidation Behavior,” Soil Science, Vol. 163, pp. 53-62.



124 M9 1Rz ARLY N95. T 26 atfufl 1 wnsAN-TunaN 2546

7. Vandiviere, M. M. and Evangelou, V. P., 1998, “Comparative Testing between Conventional
and Microencapsulation Approaches in Controlling Pyrite Oxidation,” Journal of Geochemical Explora-
tion, Vol. 64, pp. 161-176.

8. Barrett, J., Hughes, M. N., Karavaiko, G. |., and Spencer, P. A., 1993, Metal Extraction by
Bacterial Oxidation of Minerals, Ellis Horwood Limited, England, pp. 103-126.

9. Torma, A. E., 1988, “Leaching of Metals,” Biotechnology, Vol. 6b, Edited by Rehen, H.J. and
Reed, G., Weihiem, VHC Publisher, pp. 367-399.

10. Fernandez, M. G., Mustin, C., Donato, P., Barres, O., Marion, P., and Berthelin, J., 1995,
“Occurrences at Minerals-Bacteria Interface During Oxidation of Arsenopyrite by T. ferrooxidans,”
Biotechnology and Bioengineering, Vol. 46, pp. 13-21.

11. O’Shay, T., Hossner, L. R., and Dixco, J. B., 1990, “A Modified Hydrogen Peroxide Oxidation
for Determination Potential Acidity in Pyritic Overburden,” Journal of Environmental Quality, Vol. 19,
pp. 778-782.

12. Jennings, S. R., Dollhopf, D. J., and Inskeep, 2000, “Acid Production from Sulfide Minerals
using Hydrogen Peroxide Weathering,” Applied Geochemistry, Vol. 15, pp. 235-243.

13. Weber, W. J. and Stumm, W., 1964, “Formation of a Silicato-lron(lll) Complex in Dilute
Aqueous Solution,” Journal of Nuclear Chemistry, Vol. 27, pp. 237-239.

14. Olson, L. L. and Omelia, C. R., 1977, “The Interactions of Fe(lll) with Si(OH)4,” Journal of
Nuclear Chemistry, Vol. 35, pp. 1977-1985.

15. Evangelou, V. P, Feb. 27, 1996, US. Patent No. 5494702 : Oxidation Proof Silicate Surface
Coating on Iron Sulfide, pp. 1-8.

16. yAAsT 9M3 2390, 2539, “nafdaiwzduluduiudnluddegdunis,” merdnusisoan

SAINTINAT ATNAIDUTR, NMAITIAINTIHAN, mﬂ’uLﬂﬂTuTaEWimamnﬁ'}ﬁuq%', ¥itin 28-84.





