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Removal of TSS and COD from mineral processing wastewater by flocculation process
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ABSTRACT. Commercial cationic, anionic and non-ionic flocculants were studied for their ability to remove turbidity, total solids - residue on evaporation at 105 °C, and chemical oxygen demand (COD, measured as permanganate oxidation) from model mineral-processing wastewater. It has been found that for the studied type of wastewater cationic flocculating reagents with low charge density appeared to be the most suitable, at flocculant concentrations in the range of 2.5 - 5 ppm. Practically no residual organics was found in the treated water which is a prerequisite for the water re-use in the mineral processing.
Отстраняване на суспендирани твърди частици и органично замърсяване от отпадъчни води от обогатяване чрез флокулация
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Резюме. Търговски катионни, анионни и нейоногенни флокуланти са изследвани по отношение на способността им да отстранят мътност, сух остатък и органично замърсяване (определено като като ХПК – перманганатна окисляемост) от моделна отпадъчна вода от обогатяване на рудите. Намерено е, че за изследвания тип отпадъчна вода най-подходящи са катионни флокулиращи реагенти с малка плътност на заряда, използвани в концентрации в интервала от 2.5 до 5 ppm. Практически не бе установено остатъчно органично замърсяване в третираната  вода, което е предпоставка за повторната й употреба в обогатяването на минерали.
Introduction
   Water will become one of the scarce raw materials in the next 50 years (Liu et al., 2013). Water re-usage in the mineral processing will contribute to fresh water saving. Usually wastewater from mineral processing is polluted by organic chemicals and total suspended solids. One of possible ways to deal with the problem is to treat the wastewater by flocculation (or flocculation-coagulation) and subsequent precipitation and phase separation. This paper describes results from a study on possibility to use commercially available flocculants with different charge to reclaim industrial wastewater aimed at its reuse. 

Methods and materials

   Model turbid wastewater was obtained by mixing solid dry material from a tailings pond with tap water at ratio “solid : liquid” = 4 : 100, as described by other authors (Brostow et al., 2009; Forbes, 2013). Total solids, residue on evaporation at 105 °C, were determined using USGS I-3750-85 method (USEPA, 1979). Total dissolved solids were measured by COMBO - HI 98129 device. Water pH and conductivity values were measured with WTW Multi 3400i-meter. Concentrations of water microcomponents were determined by ICP-AES. The permanganate index (as an integral parameter for the residual organic chemicals in the water) was determined according to the corresponding standard (Determination of permanganate index - ISO 8467:1993).
   Non-ionic, anionic and four cationic flocculating reagents, commercially available for treating municipal wastewater, were studied for their ability to remove suspended and colloidal particles from the above-mentioned wastewater. Tested cationic reagents (FO 4140; FO 4350 SH, FO 4550 SH, and FO 4990 SH) were kindly provided by Sofloc Ltd., Bulgarian representative of SNF S.A.S, France. They are poly-acryl-amides with different charge density and molecular weight. Representatives of the SH series are linear, while FO4140 is branched. FO4140 is with very high molecular weight and very low charge density, while the charge density of SH series increases in the range FO 4350 SH, FO 4550 SH, FO 4990 SH. Out of the three, the FO 4550 SH is with very high molecular weight and FO 4990 SH is with the charge density  of 90 % (SNF, Powders, beds catalogue, 2007). The used anionic polymer - flocculant (VTA-FA20) was provided by VTA Austria GmbH. In addition, Superfloc N-300 of Kemira Oyj was also tested. Flocculants were prepared as 0.2 % solutions, according to the producers’ advice. The recommended operating concentration (mg/l) for FO SH series, when used for municipal wastewater, is 4, and for FO4140 it is 5. The recommended operating concentration for Superfloc N-300 is 2 ppm and for VTA-FA20 15-20 ppm (Sabah and Cengiz, 2004). 
   Kinetics of flocculation was determined by the settling test. The suspension sample was placed in a 100 mL graduated cylinder and then polymeric flocculant solution was added into it. The cylinder was inverted 20 times for thorough mixing. After that the cylinder was set upright and the height of clarified solution was measured over time. The linear part of diagrams "clarified solution-time" provide information about the settling velocities which are used as a measure of the flocculant efficacy as an additive in a given suspension medium (Brostow at al, 2009).
   After different settling times, water turbidity (as a measure for the amount of fine suspended particles) was determined at 530 nm by applying the formazin method and spectrophotometric equipment. Spectrophotometric turbidity measurements are useful to indicate relative water turbidity values or to monitor changes in turbidity with time (Wilde and Gibs, 1998), so they can be used to compare the effect of different flocculants among themselves and with initial wastewater.

   Each value presented is an average from two parallel experiments for the corresponding treatment condition.
Results and discussion

   Parameters of initial wastewater and of the clarified water, obtained by addition of the two best performing flocculants at their optimal dosages, are presented in Table 1.

Table 1. 

Parameters of initial and treated water
	Water 

Parameter
	Initial wastewater
	Water treated with FO4140
	Water treated with FO 4350 SH

	pH
	7.3
	6.8
	7.5

	(, µS/cm
	155
	59
	61

	TDS, mg/L
	105
	40
	41

	TS, residue at 105 oC, mg/L
	4280
	60
	60

	As, mg/L
	0.008
	<0.002
	<0.002

	Cu, mg/L
	0.022
	<0.01
	<0.01

	Al, mg/L
	0.138
	<0.02
	<0.02

	Permanga-nate index, mg/L
	9.54
	5.1
	4.5


   Kinetics of suspensions' precipitation by addition of different flocculants is presented in Figures 1-6.  

   In addition, it should be mentioned that suspended particles adhering to the cylinder walls and opaque solution was observed when VTA-FA20 was applied. The same effect, however less pronounced, was observed also with Superfloc N-300. This effect, in a smaller degree, was observed also with cationic flocculants when moving away from the optimal dose.
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Fig. 1. Kinetics of flocculation by addition of VTA - FA20: (   2.5 ppm;  ( ( ( 5 ppm; ((  10 ppm;    ( (( ( (( (     0 ppm       
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Fig. 2. Kinetics of flocculation by addition of Superfloc N-300: (   1.25 ppm;  ( ( ( 2.5 ppm; ((  5 ppm;   ( (( ( (( (     0 ppm
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Fig. 3. Kinetics of flocculation by addition of FO 4140: (   1.25 ppm;  ( ( ( 2.5 ppm; ((  5 ppm;    ( (( ( (( (     0 ppm;        

( ( ( ( (( ( 10 ppm
   The efficiency of the various reagents was evaluated in terms of treated solution clarity. "Clarification index" can be introduced as ratio of wastewater turbidity after natural settling for 24 hours and turbidity of treated water 30 and 60 minutes after the flocculants' addition. Data are presented in Table 2.
   As it can be seen from the Figures and Table 2, cationic flocculants perform in the best way. According to some authors (Forbes, 2013), the most of suspensions are negatively charged, so the observed fact that cationic flocculants are the most suitable is not unexpected.
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Fig. 4. Kinetics of flocculation by addition of FO 4350-SH: (   0.8 ppm;  ( ( ( 2.5 ppm; ((  5 ppm;    ( (( ( (( (     0 ppm;        

( ( ( ( (( ( 10 ppm
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Fig. 5. Kinetics of flocculation by addition of FO 4550-SH: (   0.8 ppm;  ( ( ( 2.5 ppm; ((  5 ppm;    ( (( ( (( (     0 ppm;        

( ( ( ( (( ( 10 ppm
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Fig.  6. Kinetics of flocculation by addition of FO 4990-SH: (   0.8 ppm;  ( ( ( 2.5 ppm; ((  5 ppm;    ( (( ( (( (     0 ppm;        

( ( ( ( (( ( 10 ppm
   The surface charge of the main turbidity forming materials in the studied water, i.e. fine silica, is negative at the studied pH (Bizi, 2012).  Cationic flocculants adsorb on the surface and are capable to neutralize the negative charge of the silica and other suspended particles, and then - to "bridge" them.

   The lowest turbidities were obtained with FO4140, FO4350-SH with optimum flocculant concentrations 5 and 2.5 ppm correspondingly (Table 2). In general, the higher the molecular weight is, the better the flocculation is and the faster the sedimentation rate is (Forbes, 2013). In our case this holds true for the FO 4140 which possesses high molecular weight. Both best performing flocculants are with relatively low charge density. Most probably this is the decisive parameter in the studied situation. 
Table 2.

Data on decrease in wastewater turbidity due to addition of flocculants
	Flocculant, concentration, time
	30 min
	60 min

	Superfloc N-300

	1.25 ppm
	1.31
	-

	2.5 ppm
	1.66
	-

	5 ppm
	1.89
	-

	FO 4140

	1.2 ppm
	1.56
	1.70

	2.5 ppm
	2.57
	2.57

	5 ppm
	4.48
	4.52

	10 ppm
	3.07
	3.20

	FO 4350 SH

	0.8 ppm
	2.40
	2.78

	2.5 ppm
	4.14
	4.88

	5 ppm
	0.74
	0.98

	10 ppm
	0.88
	1.08

	FO 4550 SH

	0.8 ppm
	2.27
	2.35

	2.5 ppm
	-
	1.91

	5 ppm
	-
	1.12

	10 ppm
	-
	0.58

	FO 4990 SH

	0.8 ppm
	2.90
	3.20

	2.5 ppm
	1.59
	1.74

	5 ppm
	0.73
	0.90

	10 ppm
	0.73
	0.64


   Best performance of the low charged FO 4140 in experiments for clarifying the Volga water were found also by other authors (Raff et all, 2011). Probably the other two cationic flocculants, with relatively high charge density, lead to larger (than needed to neutralize the charge of suspended particles) amounts of charges of adsorbed polymer. As a result recharging of the particles and their stabilisation occurs.
   As it can be seen from Table 1, COD (measured as permanganate index) and concentration of Al, As and Cu are also decreased after flocculation. Reduction in TSS (by 74 %), and COD (by 93 %) by PAM flocculants was found also by other authors (Irfan et al., 2013). 
   Data, obtained on the permanganate index, show that treated water can be re-used in the process, since practically no residual organics was found. For a comparison, the Standard for drinking water requires permanganate index less than 5 mg/L.
   The cationic organic reagents have advantages, compared to common reagents like iron or aluminium salts, since they are used in low concentrations and have a low impact on the pH of the suspension.
Conclusion

   The performances obtained show that the use of cationic polymers is a promising process for treating industrial wastewater from mineral processing.
   However, prior to industrial use, a hydro-dynamic study of the process should be carried out with the aim to find the impact of the process on floc aggregation and rupture phenomena and on their structure, determining the floc cohesion permeability and filterability.
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