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SHORT COMMUNICATION

ABSTRACT

Thiswork aimed to study, comparatively, the flocculation of fluorite particles with Corynebacteriumxerosis
cells and three commercia long chain polymers. Best flocculation results were obtained with cells of C.
xerosis and with an anionic polyacrylamide. Both were effective in solids remova and water clarification,
although flocculation with C. xerosis cellsrequires ahigher dosage of reagent per mass unit of processed ore.
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Thickening of mineral/water suspensions is a common
operation in the minera processing industry. The efficiency of
such gravity settling operations can be substantially increased
by aggregation of the mineral particles, which can be carried
out with the aid of long chain synthetic flocculants (4). Thereis
awiderange of flocculantsavailableincluding polyacrylamides,
polyethylene oxides, and polyimines (5,6). These vary in
chemical, ionic charge, molecular weight, cross-linking
branching, and physical form (e.g. emulsion, gel, powder, or
bead). The most common polymeric flocculants used in the
mineral processing operationsare high molecular weight (> 10°)
polyacrylamides(1). Thesereagentsarevery efficient evenwhen
applied in low dosages (7).

In previous papers, it was shown that the bacterium
Corynebacterium xerosis is also an excellent flocculant for the
minerasfluoriteand cacite (2,3). Thebest cell concentration was
determined and the effect of the medium pH was evaluated and
discussed. Themechanism of floccul ation was proposed to occur
by cell bridging. The cellsadhereto the solid surfaces, aggregate
the minerals, and improve the settling rates of the particles.

However, the use of microorganismsto flocculate minerals
is a new technology and it is necessary to evaluate its
competitiveness with common flocculants used in the mining
industry. Thus, theaim of thiswork wasto study, comparatively,

theefficiency of flocculation of fluorite particleswith C. xerosis
cellsaswell aswith commercial long chain polyacrylamides.

To carry out the experimental work, fluorite crystals (99%
Cal,) were obtained from amining company (Criciima- Santa
Catarina, Brazil). The crystalswere ground in alaboratory mill
to particle size below 37 mm (400# Tyler).

The bacterium Corynebacterium xerosis, from Caroline
Biologica Supply Company - USA, was grown for 72 hoursin
nutrient broth. The bacterium cultures were produced in 300 ml
flasks, continuoudly shaken at 37°C. Cells were harvested by
centrifugation, washed twicein distilled water, and suspended in
water to givea2 g/l suspension (dry basis). Thisstock cell solution
was kept at 5°C and used in floccul ation studieswithin 24 hours.

The polymeric flocculants included in this study were an
anionic polyacrylamide (Na co® 9915), acationic polyacrylamide
(Nalco® 8589), and anon-ionic polyacrylamide (Nal co® 4032),
supplied by “Nalco do Brasil Ltda” as dry powder
polyacrylamides of high molecular weight. The polymerswere
prepared in stock solution concentration of 0.5 g/l and all
solutions were used within 24 to 48 h after preparation.

Flocculation studies were carried out using a standard “ Jar
Test” apparatus. Settling tests were performed with 1000 ml
suspensions containing 10 g/l of fluorite suspended in distilled
water at pH 6.0 +/- 0.5. The suspensionswerestirred for 1 min at

* Corresponding author. Mailing address: Universidade de Passo Fundo, Faculdade de Engenharia e Arquitetura, FAMV, Campus |, Bairro Sao José.
99001-970, Passo Fundo - RS, Brasil. Tel.: (+5554) 313-8424. Fax: (+5554) 316-8211. E-mail: ivoandre@upf.tche.br

331



L.N. Rigo et al.

250 rpm to promote a uniform distribution of the
flocculant. Thestirrer speed wasreduced to 50 rpm for
2 min, to create low shear conditions and alow floc
formation. Particles were then allowed to settle under

Table 1. Solidsremoval and residual turbidity after fluorite flocculation
with commercial long chain polymers and with the bacterium
Corynebacterium xerosis. Dosage applied: 40 mg/l of C. xerosis, 2 mg/l
of polymersand 1 minute settling time.

gravity and samples were collected 1 minute after

L . Solids Residual  Equilibrium | lati
mixing from 10 cm below thewater surface. After this, Flocculant Removal (%) Turb. (NTU) pH Flocculation
the medium pH was measured and the flocculation x  1h  x 1k x 1k quality
efficiency wasevaluated by thefollowing parameters: None 122 2.1 99 1.4 6.85 0.06 Null
» naked eye and microscope observation of the floc C. xerosis 973 02 33 162 730 0.10 Excellent

quality; Polymer-Anionic 99.2 0.7 31 1.7 691 0.12  Excellent
R ] P : : Polymer-Cationic ~ 96.6 1.6 43 124 6.86 0.17 Good
residual turbidity in nephelomectric units of -, 0 N0 tonic 503 38 88 16 692 0.6  Fair
turbidity (NTU);
 solidsremoval from water.
RESUMO

The tests with each one of the reagents were conducted
with three replications and the results were expressed by the
mean (X) and the standard deviation (oy).

Table 1 shows the results of flocculation with three long
chain polymers and with C. xerosis cells. Flocculation was
attained with C. xerosis cells as well with the anionic and the
cationic flocculants. In all these systems, solids removal
efficiency was over 96%. However, better flocculation was
obtained with C. xerosis cellsand with the anionic flocculant. It
was observed qualitatively by naked eye examination of the
floc size and by the residual turbidity of the water. Poor
floccul ation resultswere obtai ned with the non-ionic floccul ant.

Theseresults confirm therole of the el ectrostatic mechanism
on adhesion of thebacteriaor theflocculant onto mineral particles.
At pH 7.0, thefluorite hasahigh positive charge (about + 60 mV)
and the best flocculation results were attained with the negative
bacteria (about — 30 mV) (2) or the negative charged floccul ant.

Although flocculation with the anionic polyacrylamide was
smilar in solidsremoval and residual turbidity to that provided by
C. xerosis cells, some important differences were observed. C.
xerodscellsprovidelarger flocsand higher settling rates. However,
the residua turbidity is more variable (see standard deviation
results). Bacteriacellsnot attached to theflocsremain in the water
and sometimes it is difficult to determine the best dosage and
tirring speed to achieve optimum flocculation and minimumresidua
turbidity. The results associated with flocculation by the anionic
polymer are less sengitive to mechanical and dosage variables.

The dosage of C. xerosis cells required to flocculate fine
fluorite suspensions is higher than that of long synthetic
polymers. Flocculation with C. xerosis cells needs about 40 mg/
| (or 4 kg/t). Long chain polyacrylamides floccul ates the same
suspension at concentrationsin the range of 2to 20 mg/l (or 0.2
to 2 kg/t). However, microorganisms can be potentially produced
at alower cost than most of the commercia synthetic flocculants.

Microorganismsare potential low cost flocculantsfor solid-
liquid operations in mineral processing. Further studies
concerning the production on large scale of C. xerosis are
necessary to investigate its competitiveness, and this is now
the subject of our current research.
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Floculacdo departiculasdefluorita com Corynebacterium
xerosis e com polimeros de cadeialonga comerciais

O objetivo do presentetrabalhofoi estudar, comparativamente,
a floculacdo de particulas de fluorita com células da bactéria
Corynebacterium xerosis e com trés polimeros floculantes
comerciais. Os melhores resultados foram obtidos com C. xerosis
ecomumapali acrilamidaaniénica. Amboss stemassfo eficientes
emtermos daremocao de sdlidos e naclarificacdo dadgua, porém
afloculagdo com C. xerosis requer umadosagem maiselevadade
reagente por unidade de massa de minério processado.

Palavras-chave: Corynebacteriumxerosis, floculagdo, fluorita,
polimeros.
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