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INTRODUCTION

The presence of natural organic matter (NOM) results in colour and major problems such as carcinogetic compounds formation upon chlorination (trihalomethanes - THMs), bacterial growth in the distribution system etc. The treatment may increase due to the increase of the amount of coagulants used caused by the NOM. The previous studies on water quality indicated that organics in significant quantities are present in surface water. Hence, the organics removal in water treatment becomes an important issue. In this regard, the new drinking water guidelines have imposed strict standards for dissolved organics in water. Basically, microfiltration (MF) cannot remove organics effectively itself. As such, the only way to make it be able to remove significant amount of NOM is to combine it with an adsorption unit (a microfiltration – adsorption hybrid system). Microfiltration – adsorption system would provide a techno-economical solution for the removal of NOM from water. The in-line powdered activated carbon  (PAC) addition is used in this hybrid system. The PAC is not only an effectively adsorption material but also it can lead to a decrease of surface fouling of membrane from concentration polarization and an increase of the fluid permeability of the cake formed on the membrane surface (Pirbazari et. al., 1992).

The purpose of this paper is to investigate the possible use of the microfiltration-adsorption system in removing the fulvic acid (one of major humic substances in water). A mathematical modeling is established for simulation this membrane hybrid system.

EXPERIMENTAL
In this study, a series of membrane experiments were conducted with an incorporated in-line PAC addition (Figure 1). A spiral mixing device was made by winding PVC tube with diameter of 6 mm around a column 110 mm in diameter. The tube length and flow rate were changed based on the predetermined velocity gradient (G) and hydraulic residence time (mixing time). In the spiral mixing unit, the G-value was calculated using the formula which was established by Ngo et al. (1995). The feed solution was prepared by mixing Suwannee River fulvic acid in Milli-Q water. A wood based PAC with norminal size of 80% finer than 75 (m was used. The PAC and solution were send together into a mixing device and went through to the CFMF cell. The CFMF cell has 9 filtration channels and the total membrane area is 3.24m. The pressure of the membrane was controlled at 20 kPA by two valves and pressure transducers at two points. The permeate quality was evaluated in terms of total organic carbon (TOC). The permeate flux was also measured periodically during the experiments. In order to study the kinetics of adsorption of fulvic acid by PAC, the experiments on adsorption equilibria and batch kinetics were also conducted.10-3m2. The membranes used has a nominal pore sizes of 0.2
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Figure 1. Experimental set-up for microfiltration-adsorption hybrid system.

RESULTS AND DISCUSSION
The experimental and simulated values (from adsorption models of adsorption equilibrium and batch adsorption kinetics) are shown in F gures 2 and 3. Figure 2 indicates that PAC has high adsorption capacity for FA. Adsorption results were modelled using Langmuir,  Freundlich and Sips equations, which attempt to interprete a quantitative of the experimental data. Langmuir and Freunlich isotherm models showed the best fit with an error of 6.8 - 6.9% compared to Sips model (7.49%). Figure 3 shows the batch kinetic results and its prediction using the three different diffusion models. It was determined that the surface diffusion model (SDM) most accuracy fitted the experimental results. 
Figures 4 and 5 showed that the FA removal efficiency increased with the increase of G-value and mixing time. The permeate flux was higher in the case of 4 min-mixing time compared to the other two cases (1.33 and 6.7 min-mixing time). The simulation results from SDM indicated that an increase in velocity gradient led to significant increase of kf and Ds. Thus, film mass-transfer coefficient and Ds are directly related to velocity gradient values. The kf and Ds were 9.6 x 10-4 and 9.3 x 10-13 respectively in all cases. 

The results indicated that the average steady-permeate flux increased from 707.5 L/m2.h to 816.3 L/m2.h with the increase in the concentration of PAC from 100 mg/L to 260 mg/L.  The average flux was found to be lower when the concentration of PAC was increased to 500 mg/L and the decline rate in flux was up to 22% after 30 minutes of the experiment (Figure 6). Figure 7 shows the removal of FA increases with the increase of PAC concentration. The average removal of FA (as TOC) was 61, 71 and 89% respectively. The film mass-transfer coefficient kf and surface diffusion coefficient Ds were 0.0096 and 9.3 x 10-13   in all cases.

CONCLUSIONS     

From the above discussions, it can be concluded that the microfiltration-adsorption hybrid system can be successfully used in water treatment to remove the natural organic matter. The optimum conditions of mixing time, mixing intensity (G) and PAC amount are essential for a given water to be treated. The surface diffusion model was successful to predict the performance of this hybrid system
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Figure 3. Batch adsorption kinetics of PAC-


FA with model prediction 


(FA 8 mg/L, PAC 260 mg/L)








Figure 5. Performance of PAC-CFMF at different mixing-time. (Influent conc.=8 mg/L, PAC=260 mg/L, filtration time=30 min.)





Figure 4. Performance of PAC-CFMF at different G-values. (Influent conc.=8 mg/L, PAC=260 mg/L, filtration time=30 min.)





Figure 2. PAC-FA equilibrium data with 


model prediction


(using Freundlich isotherm) at 25oC
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Figure 6. Effect of PAC doses on permeate flux (mixing time=4 min, G=160.4/s, influent FA=8mg/L, pressure =20kpa)


min.)





Figure 7. Performance of CFMF-PAC at different PAC doses (mixing time=4 min, G=160.4/s, influent FA=8mg/L, pressure =20kpa)
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								WITH MEAN		DEVIATION (.		70227E-01)

		D		0.77342		7   SQ.M/SEC

		CON		CENTRATION PR		OFILES AT TH		E OPTIMUM PO		INT

		-----------		-------------		------------		------------		------------		----------

		TIME(HR )		SQRT(T)		C/CB0(EXP)		C/CB0(CAL)		Q(AVERAGE)		DIFF.(%)

		-----------		-------------		------------		------------		------------		----------

		0						1

		0.01667		0.1291		0.49151		0.8659		0.46418		-76.17039

		0.05		0.22361		0.41821		0.65387		1.19814		-56.34813

		0.08333		0.28868		0.35789		0.5065		1.70827		-41.52609

		0.16667		0.40825		0.3187		0.3258		2.33378		-2.22624

		0.33333		0.57735		0.29605		0.25647		2.57376		13.36801

		0.66667		0.8165		0.25624		0.25083		2.59327		2.11079

		1		1		0.2327		0.25081		2.59337		-7.78204

		1.5		1.22474		0.25189		0.2508		2.59337		0.43025

		2.5		1.58114		0.25171		0.2508		2.59337		0.35997

		3		1.73205		0.24434		0.2508		2.59337		-2.64734

		3.5		1.87083		0.25135		0.2508		2.59337		0.21909

		4		2		0.24594		0.2508		2.59337		-1.97983

		-----------		-------------		------------		------------		------------		----------

		ITER =		26  D =  .773		42E-07  SDEV		0.0702		3  GRAD =  .		9.47E+05





pre-pdm

		--------		-------------		------------		------------		------------		-------------

		DETERMIN		ATION OF INTR		APARTICLE DI		FFUSION COEF		FICIENTS

		FROM BAT		CH ADSORPTION		DATA BY THE		SIMPLEX MET		HOD

		RUN		NUMBER =		Herbicide (		8*12)

		MOD		EL TYPE =  PO		RE      DIFF		USION MODEL

		ISO		THERM   =  FR		EUNDLICH  TY		PE  WITH   1		CONC. RANG		ES

		--------		-------------		------------		------------		------------		-------------

		***** EX		PERIMENTAL AN		D CALCULATIO		N CONDITIONS		*****

		INITIAL		BATCH CONCENT		RATION (CB0)		0.5		00  MOLE/CU.		M

		PARTICLE		RADIUS (AP)				0.00008		50  M

		PARTICLE		POROSITY (EP		)		0.55		00  --

		PARTICLE		DENSITY (DEN		)		976		00  KG/CU.M

		WEIGHT C		HARGED IN BAT		CH (GM)		0.00026		00  KG

		VOLUME O		F SOLUTION (V		)		0.0018		00  CU.M

		FILM MAS		S TRANSFER CO		EFF. (KF)		0.00046		00  M/SEC

		RADIAL D		IVISION (NR)				10		--

		TIME INC		REMENT (TID)				10		00  SEC

		NUMBER O		F DATA (NDATA		)		12

		DIFFEREN		TIATION  VALU		E		0		10

		CONVERGE		NCE LIMIT (EP		S)		0.001		0

		***** AD		SORPTION EQUI		LIBRIUM PARA		METERS FOR E		ACH RANGES**		***

		RANGE		A(I)		B(I)		CMAX(I)		QMAX(I)

		1		6.1		0.41196		1000		1000		0

		FINAL RE		SULTS OF OPTI		MIZATION		AT   ITERAT		ION NO. (		21)

								DIFFERENCE		IN D VALUE(.		30260E-10)

								WITH MEAN		DEVIATION (.		82491E-01)

		D		0.3026		7   SQ.M/SEC

		CON		CENTRATION PR		OFILES AT TH		E OPTIMUM PO		INT

		-----------		-------------		------------		------------		------------		----------

		TIME(HR )		SQRT(T)		C/CB0(EXP)		C/CB0(CAL)		Q(AVERAGE)		DIFF.(%)

		-----------		-------------		------------		------------		------------		----------

		0						1

		0.01667		0.1291		0.49151		0.87347		0.43799		-77.7094

		0.05		0.22361		0.41821		0.6905		1.07134		-65.10755

		0.08333		0.28868		0.35789		0.56394		1.50944		-57.57562

		0.16667		0.40825		0.3187		0.3887		2.11605		-21.96172

		0.33333		0.57735		0.29605		0.27345		2.51497		7.63156

		0.66667		0.8165		0.25624		0.25123		2.5919		1.95571

		1		1		0.2327		0.25081		2.59334		-7.78504

		1.5		1.22474		0.25189		0.2508		2.59337		0.43011

		2.5		1.58114		0.25171		0.2508		2.59337		0.35997

		3		1.73205		0.24434		0.2508		2.59337		-2.64735

		3.5		1.87083		0.25135		0.2508		2.59337		0.21908

		4		2		0.24594		0.2508		2.59337		-1.97985

		-----------		-------------		------------		------------		------------		----------

		ITER =		21  D =  .302		60E-07  SDEV		0.0824		9  GRAD = -.		1.01E+10





pre-ldfa

		

		SINGLE		SYSTEM (		METSULFURON-MET		HYL)

		NUMBER OF		ADSORBA		TES				1

		INTERIOR		NUMBER O		F POINTS				10

		CALCULATI		ON OF JA		COBIAN

		VOLUME OF		SOLUTIO		N				0.002		M3

		WEIGHT OF		SORBENT		CHARGED				0.00026		KG

		PARTICLE		RADIUS						0.00009		M

		PARTICLE		DENSITY						976		KG/M3

		PARA		METERS F		OR CALCULATION

		FILM MASS		TRANSFE		R COEFF.				4.60E-04		M/SEC

		===========		========		===============		====		=============		=========

		SPECIES		C0(		I)       Qm(I)				b(I)		Ds(I)

		===========		========		===============		====		=============		=========

		MM		.5000E+		00   .4100E+01		0.4		450E+01   .93		0.00E+00

		[IAST]

		==============		========		===============		====		=============		==========================

		C		ONCENTRA		TION PROFILES O		F EA		CH SPECIES W.		R.T. TIME

		-------		--------		---------------		----		-------------		-------------

		TIME(hr		)  D_CON		C(I) AND CONC(I		)

		==============		========		===============		====		=============		==========================

		0		1

		0.1		0.4939		0.247

		0.2		0.3007		0.1504

		0.3		0.2311		0.1156

		0.4		0.2066		0.1033

		0.5		0.198		0.099

		0.6		0.195		0.0975

		0.7		0.194		0.097

		0.8		0.1936		0.0968

		0.9		0.1935		0.0967

		1		0.1934		0.0967

		1.1		0.1934		0.0967

		1.2		0.1934		0.0967

		1.3		0.1934		0.0967

		1.4		0.1934		0.0967

		1.5		0.1934		0.0967

		1.6		0.1934		0.0967

		1.7		0.1934		0.0967

		1.8		0.1934		0.0967

		1.9		0.1934		0.0967

		2		0.1934		0.0967

		2.1		0.1934		0.0967

		2.2		0.1934		0.0967

		2.3		0.1934		0.0967

		2.4		0.1934		0.0967

		2.5		0.1934		0.0967

		2.6		0.1934		0.0967

		2.7		0.1934		0.0967

		2.8		0.1934		0.0967

		2.9		0.1934		0.0967

		3		0.1934		0.0967

		3.1		0.1934		0.0967

		3.2		0.1934		0.0967

		3.3		0.1934		0.0967

		3.4		0.1934		0.0967

		3.5		0.1934		0.0967

		3.6		0.1934		0.0967

		3.7		0.1934		0.0967

		3.8		0.1934		0.0967

		3.9		0.1934		0.0967

		4		0.1934		0.0967

		==============		========		===============		====		=============		==========================






