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Abstract

This research aims to study the influence of energy input and energy input time during the flocculation stage on the ability of forming the filterability flocs through practical experiments done by using the floc filtration test apparatus (coagulation-flocculation-filtration) for different turbidities (C0) NTU (50, , and 200) by using local alum as a coagulant substance. 


In order to achieve the requirements of the coagulation mechanism of colloids suspension by means of absorption and charge neutralization by using (G) for the (G rapid mixer ≥ 730 sec-1) and for coagulation time (Tc =3 min). It is decided to use the variable G (for the flocculation stage) ranging (15-100 sec-1) and flocculation time ranging from (5-60 min).

 The turbidity of the effluent was measured so as to get the efficiency of removing turbidity for each test and compare the results obtained from every experiment (the removal efficiency and the length of the filtration period) to examine the change occurring in these results with different factors influencing the flocculation operation (energy input time, and energy input), (velocity gradient).

We have concluded a general diagram showing the allowed limits of G (velocity gradient), Tf (flocculation time) and GT (Camp number), which produce the best removing efficiency by using floc filtration test apparatus, for all the studies initial turbidity. The value of G range between (40-50)sec-1, while the value of Tf range between (15-25)min and GT values were between (36000-75000) is provided.
الخلاصة

يهدف البحث الى دراسة تأثير طاقة المزج وزمن المزج خلال مرحلة التلبيد على قابلية تكون اللبادات المترشحة، وذلك من خلال تجارب عملية أجريت باستخدام جهاز الترشيح المباشر (ترويق-تلبيد-ترشيح) ولكدر مختلفة (C0 ) (50, and200 ) NTU وباستخدام الشب المحلي كمادة مروقة (coagulant ).
لتحقيق متطلبات ميكانيكية التخثير للعوالق الغروية بطريقة الامتصاص وتعادل الشحنات (absorption and charge neutralization ) باستخدام معامل انحدار السرعة ( G velocity gradient ) لمرحلة المزج السريع بمقدار (G rapid mixer≥730 sec-1 ) ولزمن تخثير مقداره (TC =3 min )، كما تم استخدام معامل انحدار السرعة لمرحلة التلبيد يتراوح بين (G=15-100 sec-1 ) ولفترات تلبيد (flocculation time ) مختلفة تتراوح بين (Tf =5-60 min ).

تم قياس عكورة الدفق الخارج بواسطة جهاز قياس العكورة المختبري وذلك لاستخراج كفاءة إزالة العكورة لكل اختبار ومقارنة النتائج المستحصلة من كل تجربة (كفاءة الإزالة وطول فترة الترشيح) وذلك لمعرفة التغيير الحاصل في هذه النتائج عند اختلاف العوامل المؤثرة في عملية التلبيد (زمن المزج Tf ، وانحدار السرعة G ).

تم التوصل الى مخطط عام يعطي الحدود المسموح بها من انحدار السرعة (G velocity gradient )، وزمن التلبيد (Tf flocculation time ) و GT (Camp number ) التي تحقق أفضل كفاءة إزالة باستخدام جهاز الترشيح المباشر(floc filtration test apparatus ).

Introduction
A part from its most purpose to explore the implication of different factors on flocculation, floc composition and filterability in an immediately following filter.

The test did not follow the principle of commonly employed jar test apparatus (Tekippe and Ham, 1970,1971; Hudson, 1973; Bartby, 1981) which describes the characteristics of the generated flocs by their sedimentation behavior. Bratby (1981) discusses the applicability of a jar test for a solid liquid separation by sedimentation or filtration.  In bench-scale tests, he discovered that addition of cationic polyelectrolytes used as primary coagulant to optimize flocculation conditions led to identical results for both sedimentation and filtration. Neither did Habibian and O’melia (1975), who used the same primary coagulant (polyelectrolytes) make out any discrepancy between the results of the jar test and those obtained from a large filtration pilot plant. Tekippe and Ham (1970,1971) compared the results of jar test with sedimentation to those of jar test with filtration. In their investigations they used a plexi-glass sand filter (d=1.5 in or 38 cm). The sand layer had a depth of (3 in or 76 mm) with a grain size of about (0.6 mm). Following an aggregation process of 20 min at a G value of 50  sec-1, the floc suspension was poured into the filtration vessel and filtered at a rate of (50 m/hr). Thereafter the turbidity of the filtrate was measured. The authors comes to the conclusion that a sedimentation jar test is most appropriate for describing the sedimentation behavior of generated flocs, whereas the filtration behavior of the flocs can be best ascertained in filtration tests.
Amal .et.al (2006) were found the optimum removal of turbidity by means of this a direct filtration apparatus was achieved in the case No.2 at G values of around 25 sec-1 , Tf =10 min the percentage removal of turbidity obtained was about ( 90 %) , whereas in case No.1 , the optimum percentage obtained was about ( 84 %) at G = 40 sec-1 , Tf = 20 min and case No.3 , the optimum percentage obtained was about ( 86 %) at G= 30 sec-1 , Tf = 20 min.  
Bratby (1981) used standard jar test for optimizing coagulant and flocculent aids for settling. Optimizing was based on settling water quality. If primary coagulant is applied alone, the researchers suggested that the optimizing should be based on an economical analysis relating chemical cost and sedimentation basin cost, and if the primary coagulant used with flocculent aids, optimizing should be based on minimizing the clogging of down stream filter surface.
Bernhardat and Schell (1982) showed that the flocs formed are retained in the filter with varying efficiency, depending on the granulation size of filter material, as the energy input (G value) increases. A filter construction like that in the pilot plant and in the phosphorus elimination plant (PEP) at first produces flocs that are better retained in the filter when the G value is increased and when GT value is approximately 10000-20000. If the G value and the GT value are increased further, the floc are more and more difficult to retain in the filter and finally break through the filter .
Experimental 
The tests discussed in this paper were carried out with the floc filtration test apparatus as shown in fig (1). The technical data are summarized in Table (1)
Table (1) Technical data and Design of the Floc Filtration Test apparatus
[image: image21.emf] 

F ig  (3)  filtration curves of the floc filtration test apparatus at energy input of  G = 15 (1 /sec) and various ( Tf) time values.  


Working stirrer with low velocity gradient according to magnitude of G and Tf shown in table (2).
Table (2) G and Tf values applied in the tests.

	G value

(sec-1)
	Tf value

(min)
	Gtf range

	15

30

40

50

60

75

100
	5-60

5-60

5-60

5-60

5-60

5-20

5-20
	4500-54000

9000-108000

12000-144000

15000-180000

18000-216000

22500-90000

30000-120000


The main objective of this study includes the effect of independent variables , which are process variables , such as , raw water turbidity , flocculation energy input and aggregation time , while used as a dependent variables (residual turbidity in filtrate), by varying one of each independent variables systematically , while holding the other constant and at same time measuring the responses of the dependent variables as shown in fig (2).
[image: image22.bmp]
        Figure (1) Schematic illustration of laboratory direct test apparatus.
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Results and discussion
The implications of the investigated factors for both the aggregation and filtration process were determined by a continuous measuring of the residual turbidity in the filtrate, by using turbidity meter for measuring the residual turbidity in water filter, at intervals of (1 min). by plotting the turbidity of filtrate against the filtration time, the first minutes represent the ripening period of the filter. The actual filtration phase then follows in the period of ( 6  -11 ) min  as indicated in figure (3). Thereafter, flocs gradually begin to break through. After a filter run of ( 16) min the water volume has completely penetrated the filter. Turbidity values measured after this time are of no practical value and can thus be ignored. 
Blank or " Zero tests" for reference purposes were carried out without adjusting a velocity gradient during the aggregation phase ( destabilization and no aggregation phase; G and Tf =0 ) .these " zero tests " always showed the same filtration curves.
The object of the tests described below was to investigate the effect of the velocity gradient and the energy input time during the orthokinetic aggregation on the filterability of growing flocs .

Laboratory results obtained using floc filtration test apparatus is analyzed and discussed in the following two case.

Case Study No.1 (Co = 200 NTU): -


Figure 3, shows the relation between residual turbidity, filter run time, for different Tf and at G = 15 sec-1. It was notable that any increase in  Tf  lead to a  decrease  in  the residual  turbidity in  the filtrate. Also from the same figure, the  filtration curve  of  Tf  of  zero  (zero test)  indicates the  water containing the destabilized particles taken directly to a granular filter, where small relative contact flocculation take place as part of the filtration process. Therefore, it shows different results between Tf = 0 and Tf ≥5 min. At this point the fine particles are not entrapped in the floc, the filters will be unable to remove them, lead to increasing residual turbidity in the filter, while at Tf = 5 min enough collisions occurred so that the floc particles grew to a size that will filtrate rapidly.
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Figure 4, shows the relation of filter run time versus residual turbidity. Fifteen minutes is found to be the optimum period of mixing at G=30sec-1, within filtration fraction run time of 6-11 min, whereas an increase  of  Tf  ≥ 15 min led to relative increase in residual turbidity. In conclusion, it can be stated that at high turbidity, longer  Tf  may  tend  to  increase in  the  breakage flocs resulting poor filtration characteristics. On other hand, shorter mixing time will not allow complete formation of the flocs, as shown in Figure (3) and (4).
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Figure 5 shows a filtration process at G = 40 sec-1. The minimum residual turbidity of 16 NTU is obtained within filtration fraction run time of (6-11) min at Tf = 10 min. Thereafter, an increase of Tf lead to increase of residual turbidity. In observation, it can be stated that the rate of agglomeration of destabilized particles to form visible floc is dependent on G, and Tf.  
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Figure 6, explains the relation of filter run time versus residual turbidity in filtrate at G= 50 sec-1. It was found at Tf = 10 min could attain minimum residual turbidity (26 NTU). It was notable increases Tf up to 20 min lead to increase residual turbidity in the filtrate (36 NTU). It can be stated that increasing G within Co = 200 (NTU) larger than                        G = 40 sec-1 led to relative increase residual turbidity in filtrate, because of increasing in the breakage generated flocs during flocculation stage.    
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Figure 7, shows the relation between residual turbidity and filter run time, within Tf from 5-20 min and G = 60 sec-1. Five minutes can give appreciable lowering in residual turbidity. On other hand, increased G and Tf lead to increase of residual turbidity, as shown in figure (5-5). It is well known that there must a limit on the G applied to a raw water (coagulated water). This is because the floc will grow in size with time until the force setup by G which is equal or greater than the shear strength of the floc, that would break the floc into a smaller particles. 
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Figure 8, shows relation between residual turbidity, filter run time, within Tf from (5-15) min. It demonstrates the results of tests with     G= 75 sec-1, as opposed to the tests implemented at G value (30-50) sec-1, an increase in the Tf except at Tf = 5 minute would increase in the residual turbidity. Thus, flocs being to break through the filter, and cause to short filter run times up to 15 minute
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Figure 9, demonstrates the results of tests with G = 100 sec-1. They were the same as the test implemented at G value of 75  sec-1, along with different Tf. The lowest turbidity was reached after at Tf of only 5 minute. Yet at the same time the flocs began to break through the filter. At Tf = 10 minute and above, this break through became most apparent. Consequently, a G = 100 sec-1 can be applied only at short Tf. Otherwise the filterability of the flocs will deteriorate causing an early break through and very short filter run (14 min from original filter run time of 16 min).
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Figure 10, shows the turbidity measured in the filtrate fraction of each direct filtration test after run time of (6-11) minute. The illustrated values result from different G as a function of the Tf. From this diagram, it becomes apparent that an increase in Tf   lead to improvement in the filterability of the generated flocs, which is being indicated by a reduced residual turbidity. Depending on the adjusted G, all lines run through a minimum turbidity during the aggregation process. Taking G = 100 sec-1 , the attainable minimum residual turbidity is achieved within Tf = 5 minute, while low G = 30 sec-1 was attained minimum residual turbidity of 12 (NTU) at Tf = 15 minute. Also, it is shown that G = 40 sec-1 , which could be attained lowering residual turbidity of 16 (NTU) at Tf = 10 minute. At G = 50 sec-1  could be  obtained  on  lowering  residual turbidity  at Tf = 10 minute. Conversely increase in Tf during 20-60 minute contributed to increase the residual turbidity.  
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During the orthokinetic flocculation, the formation of floc aggregates from primary particles and generating aluminum hydroxo complexes are determined by the particle collision efficiency ensuing from moderate G over a certain Tf. However, shear forces also play a vital role. The stronger the shear motion during aggregation, the higher the collision rate between the particles, which in turn promote the formation of particles aggregates. But at the same time the shear forces also become stronger and increasingly responsible for floc breakage and reduction in the floc size due to erosion. Hence, the flocs only grow to a limited size, this results is in aggrement of what is given by (Tambo and Hozumi, 1979). An increasing shear rate results in a decreasing floc size. Remaining flocs though have became shear resistant. The inverse implications of the adjusted G on the floc formation have  been mathematically described by (Ives and Bhole, 1973). Based on Smoluchowski’s equation floc formation and floc breakage have been mathematically explained by (Harris et al., 1966). From these calculations (Argaman and Kaufmar, 1970; see also Argaman, 1971) as well as (Parker et al., 1972) derived a simplified relationship which can also be applied in practice for estimating the efficiency of several successive stirred reactors used to flocculate turbid suspensions (also Brathby et al., 1981; and Camp, 1964).


Figure 11, shows relation between the removal percentage of turbid matter, Tf, and G. In this figure, inverse correlation between G and Tf is illustrated. It is notable that the percentage of removal turbidity increase with increase in values of G from (30-40) sec-1 , and Tf from (15-25) minutes, whereas percentage of removal turbidity decreases           when increases G is between (50-100) sec-1 and Tf increases from (5-60) minute. The corresponding Tf ranges from 10-25 minute is dependent on the selection of G and level of raw water turbidity. Within certain limitations, it is also possible to offest a small G value by a high Tf and vice versa without causing adverse effects to the floc formation process and the filterability of the flocs. not allow for the maximum attainable turbidity removal of (94%). At Tf = 5 minute and G = 60 sec-1 only 82% of turbid matter is eliminated. Conversely, when G is 75 or 100 sec-1, the percentage removal of turbid matter is 78% and 72% respectively. In this figure, the optimum energy dissipation for the formation of flocs with a high retention rate (removal of turbid matter in the test results above 90%) falls in to G range from (30-40) sec-1 within Tf of (10-25) minute. At values below or above this range the removal efficiency was found to drop.
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Figure 12, represents the maximum turbidity removal as a function of Tf. The removal marked at each dot in the diagram indicates the respective G value. This figure gives a straightforward summary of the aforementioned test results. Particularly worth stressing is that a reduction of Tf ≤ 10 minute, when G is larger than 50 sec-1 , and this will no longer enable the formation of flocs, which can be quite satisfactory filtered off. Under these mixing conditions, the emerging shear is strong. By contrast, a mean G of 15 sec-1 is too low to give rise to an adequate number of efficient particle collisions. The removal rate of the turbid matter falls below 80%.
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Case Study No.2(C0 = 50 NTU): -

Figure 13, 14, and 15 gives the residual turbidity in filtrate versus filter run time, for G = 15, 30 and 40 sec-1. In this figures, the decreased residual turbidity was obtained with increase in Tf, as opposed to the tests implemented at  high initial  turbidity  (i.e. C0 = 200 NTU), an increase in the Tf would produce increase in the residual turbidity in filtrate water.
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Figure 16, shows the relation between filter run time and residual turbidity in the filtrate at G =50 sec-1. It is found with increase Tf led to decrease residual turbidity in the filtrate. This results of tests with G = 50 sec-1,  as the opposed to the tests implemented at same Co = 200 or 50 (NTU).  
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Figure 17, represents relation between filter run time and residual turbidity, for different Tf. Fifteen minutes was found to be the optimum period for G = 60 sec-1, within filtration fraction of 9-18 min, and it was attained the minimum residual turbidity of 8 (NTU).
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Figure 18, shows relation between filter run time and residual turbidity of G = 75 sec-1, for different Tf. It was achieved the minimum residual turbidity within filtration fraction (9-18) min of 12 and 11 (NTU), when Tf = 5 and 10 min respectively. As opposed to the tests implemented at high initial turbidity, an increase in Tf except at Tf = 5 min would obtain increase in the residual turbidity in filtrate water.
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Figure 19, shows the results of tests with G = 100 sec-1. The minimum turbidity was reached after Tf only of 5 (min). At increasing of Tf, this break through became most apparent. Therefore, at  G = 100 sec-1 can be applied only at short Tf. 
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Figure 20, shows the relation between percentage removal of turbid mater and Tf, for G ranging from 15-100 sec-1. It was noted that percentage of removal turbidity increases with increase in G from 15-60 sec –1, and Tf from 5-60 (min). Whereas percentage of removal turbidity decreases when G =100 sec-1 and  Tf​  increases  from 5 - 20 min.
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Figure 21, explains the relation between maximum turbidity removal and Tf, for different G. The best removal of turbid matter had been attained with G = 60 sec-1, which resulted in maximum percentage removal of turbid matter of 84%, at Tf = 15 min.
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Conclusions


The following conclusions are drawn from the present study regarding the influence of energy input and energy input time during the flocculation on the filterability of generated floc. These concluding remarks should be considered with due regard to the limitation of the domains of the different water parameters.
A-It is worth noting that the chemical destabilization prior to flocculation appears to the essential for improved water quality. Turbidity in finished water was lower from the process of coagulation-flocculation-filtration, relative to coagulation-filtration alone.

B-Influence of  G  on removal percentage of turbidity are as follows:-

 1. It is determined that the  G  decreases with increases of  Co  and vice versa.

  2. It is worth noting that the minimum  G value is an absolute prerequisite for attaining     the required collision efficiency between the particles and consequently the formation of filterable flocs. In compliance with the literature, this G value is 30              (sec-1). Lower velocity gradients cannot be offset by longer aggregation times                 (≥35 min). 
3. It was determined experimentally, if the energy dissipation drops below the G necessary for the formation of well filterable floc aggregates, an adequate collision between destabilization particles is no longer feasible and the amount of dispersed small particles in the water increases appreciably. An adsorption of small particles to fully developed aggregates becomes virtually impossible.

4. Experimentally, it is found that the maximum removal of turbid matter, which can be attained by using direct filtration test apparatus, decreases above the minimum G value, the higher G and thus the G. This proves the remarkable influence of the shear forces originating in the dissipation of the energy by agitators during aggregation. Increased G≥75 sec-1 reduces the filterability of the produced flocs that consequently penetrate the filter medium at a growing rate. 

  5. At Co =200 (NTU), the highest removal percentage  (above 90%) is reached within a G range of about (30-40) sec-1, while. the In an Co =50 (NTU), optimum G can be achieved within range (50-75) sec-1. 

  6. It is worth noting that increased G values large than 75 sec-1 would give opposite results in the removal for all Co expected at Co =50 (NTU).
C- Effect of flocculation period on the turbidity removal might be as  follow: -

  1.It was observed that the period of flocculation is inversely proportional to raw water turbidity and G.
2.In a state increasing Tf is more effect from increasing G value in turbid matter removal for different levels of turbidity.
  3.It is worth noting that the influence of Tf on water quality parameters, at high G for different level of Co. Showed no difference between (10-20) min Tf on treated water turbidity.

4.It was found that the maximum percentage removal within the Tf was as follows:
a-   the Co = 200 (NTU), within (10-25) min.. 

b- In the C0 = 50 (NTU), within (15-35) min.  

5.It was found that increasing in Tf and G should reduce the work required of filters by reducing the volume of floc through breaking up its (increasing of turbidity measurement in the filtrate).

D-It is worth noting that the filter run time is inversely proportional to Co and high G. Furthermore, it was found at Co = 200 (NTU), the filter run time was 16 (min), also at G = 75 and 100 sec-1 was reduced to 14 (min). Whereas in the low Co, the filter run time increased.
E-It was shown that Camp’s relationship (GT) did coincide with the experimental result for a different initial turbidity. 
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 Operation                     Discontinuous, i.e. batch procedure.


 Destabilization             Over Tc  ( 2  min) at a rotation of approximately ( 700) r.p.m 


Aggregation                     By different G and Tf values.


Rapid mix basin             The dimension of the rapid mix basin have (22,22,and 15 cm ) and the 


                                        relationship is calculate G= 0.038 N 3/2 


Flocculation Basin          The dimension of the rapid mix basin have (20,20,and 30 cm ) and the 


                                        relationship is calculate G= 0.051 N 3/2 


  Filtration                         Filter diameter   7.5  cm 


                                        Surface area      44.2    cm


                                        Bed depth        20 cm 


                                        Filtration rate   8  ml /sec


                                        Sand media ( E.S = 0.32 mm).
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Fig (4) filtration curves of the floc filtration test apparatus at energy input of G =30 (1 /sec) and various (Tf) time values.





Fig (5) filtration curves of the floc filtration test apparatus at energy input of G =40 (1 /sec) and various (Tf) time values.





Fig (6) filtration curves of the floc filtration test apparatus at energy input of G =50 (1 /sec) and various (Tf) time values.





Fig (7) filtration curves of the floc filtration test apparatus at energy input of G =60 (1 /sec) and various (Tf) time values.





Fig (8) filtration curves of the floc filtration test apparatus at energy input of G =75 (1 /sec) and various (Tf) time values.





Fig (9) filtration curves of the floc filtration test apparatus at energy input of G =100 (1 /sec) and various (Tf) time values.





Fig (10) Dependence of the residual turbidity of all floc filtration tests on energy input time (Tf) at different (G) values.





Fig (11) Removal of turbid matter (%) as function of the energy input time (Tf) at different (G) values.





Fig (12)Maximum removal of turbid matter in the floc filtration tests against the corresponding energy input times. The number indicate the respective values(1/ sec) .





Fig (16) filtration curves of the floc filtration test apparatus at energy input of G =50 (1 /sec) and various (Tf) time values.





Fig (17) filtration curves of the floc filtration test apparatus at energy input of G =60 (1 /sec) and various (Tf) time values.





Fig (18) filtration curves of the floc filtration test apparatus at energy input of G =75 (1 /sec) and various (Tf) time values.





Fig (19) filtration curves of the floc filtration test apparatus at energy input of G =100 (1 /sec) and various (Tf) time values.








Fig (21)Maximum removal of turbid matter in the floc filtration tests against the corresponding energy input times .The number indicate the respective G values(1/ sec) .





Fig (13) filtration curves of the floc filtration test apparatus at energy input of G =15 (1 /sec) and various (Tf) time values.





Fig (14) filtration curves of the floc filtration test apparatus at energy input of G =30 (1 /sec) and various (Tf) time values.





Fig (15) filtration curves of the floc filtration test apparatus at energy input of G =40 (1 /sec) and various (Tf) time values.








Back wash outlet





Figure (2) Parameters and variables of the flocculation system
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