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Abstract

A physicochemical treatment (coagulation-flocculation) was applied to a
slaughterhouse wastewater, using anionic polyacrylamide as coagulant aid to improve the
settling velocity of the flocs formed with the coagulants used: ferric sulphate, aluminium

sulphate and polyaluminium chloride.

The optimum speed and stirring time for the flocculation stage were ascertained
along with the optimum pH and coagulant and coagulant aid doses. The speed and
coagulation time were initially set according to recommendations in the literature
concerning the treatment of this type of water. Chemical Oxygen Demand (COD),
Biochemical Oxygen Demand at five days (BODs) and Total Suspended Solids (TSS) were
recorded at the beginning and end of each experiment in order to monitor the process.
Once the optimal conditions had been established, several parameters were measured in order
to assess the coagulation-flocculation process: particle number and size, sludge volume,
nutrients (ammonia nitrogen, total Kjeldahl nitrogen, albuminoid nitrogen, orthophosphate,

total phosphorus) and the residual concentration of iron and aluminium in clarified water.

Anionic polyacrylamide, when added with ferric sulphate or polyaluminium

chloride led to a significant increase in the settling speed.
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1.- Introduction

The coagulation process is not always perfect and may result in small flocs when
coagulation takes place at too low temperature or fragile flocs which break up when
subjected to physical forces (Hanson and Cleasby, 1990a, 1990b). It is not only necessary to
overcome these problems but also to improve the coagulation and flocculation processes to
obtain a good quality effluent and the rapid sedimentation of the flocs formed. For this,
several products, denominated coagulant aids, can be used to act on the elements which

affect coagulation or in order to increase floc density and, hence, to improve sedimentation.

Over the last twenty years new coagulants, both inorganic and organic, have been
used in an attempt to improve the elimination of organic matter and total suspended solids
during the treatment of urban wastewaters and industrial effluents. These products have also
been used to treat wastes from the agro-food industry and, particularly, those from

slaughterhouses.

Water is extremely important in slaughterhouses, not only for cleaning the products
but also for eliminating unwanted matter. The effluent from such places has a reddish-brown
colour, a high BODs and a considerable amount of suspended and colloidal material.
Generally, the effluent contains organic matter, fats, suspended solids and inorganic matter
such as phosphates, nitrates, nitrites and salt (Saez and Martinez, 1987; Mufioz and Vazquez,
1992). The highly pollutant nature of these wastes means that they must be treated before
being discharged into the sewage system, rivers, lakes, etc. The most common methods used
for treating slaughterhouse wastewaters are fine screening, sedimentation, coagulation-

flocculation, trickling filters and activated sludge processes.

As pretreatment, physicochemical processes can remove a significant amount of both
particulate and colloidal organic matter from slaughterhouse effluents. The pre-separation of
organic matter means that less will have to be treated by any subsequent biological step. In

short, the effectiveness of all subsequent operations depends on the success of this process.

The aim of this study was to improve the coagulation-flocculation process applied to
a slaughterhouse wastewater by adding a coagulant aid (anionic polyacrylamide). The proper

determination of coagulant type and dosage will not only improve the water characteristics,
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but also decrease the settling time and cost involved.

2.- Materials and methods

2.1.- Sampling and mean characteristics of the effluent.

The effluent of the slaughterhouse in question comprised the wastewater from all the
working areas within the factory and had previously passed through a 1mm mesh filter. The

average daily flow rate was of 160 - 170 m® d™.

Sampling was performed at the exit of the filter using an ISCO Model 3700 automatic
sampler. The samples, which were taken at 20 minute intervals throughout the working day,

were mixed and used for the coagulation-flocculation experiments.

Special precautions according to Section 1060B of Standard Methods for the
Examination of Water and Wastewater (APHA, 1995) were taken into account for sample

collection, transport and preservation.

The mean characteristics of the mixed sample are given in Table 1.

2.2.- Description of the coagulation experiments.

Our coagulation-flocculation experiments were carried out in an FC-6L Jar-test

apparatus manufactured by SBS instruments S.A.

There is a broad range of combinations of coagulants and coagulant aids commonly
used in wastewater treatment. In this study, three products were used as coagulants and one
as coagulant aid. The coagulants chosen were Fex(SOg4); and Aly(SO4)3-18H,0, products
that are traditionally used in the coagulation-flocculation treatment of wastewaters, and
polyaluminium chloride (PAX-18), a prepolymerised coagulant which has been
increasingly used in recent years because of the advantages it offers over simple salts. It is
effective over a wide pH range, shows low sensitivity to temperature and presents lower
concentrations of residual metal ion; it reduces sludge quantities and improves sludge

dewaterability (Marti, 1987; Harper and Rosenberg, 1995; Diamadopoulos and
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Vlachos, 1996).

The commercial synthetic polyelectrolyte, Flocusol - AM/105, a liquid anionic
polyacrylamide (A.P.) supplied by Lamirsa S.A. (Spain) was chosen as coagulant aid.
Synthetic polyelectrolytes are currently the most widely used in the treatment of industrial
wastewaters on account of the advantages they have over natural ones (Beltran, 1980;
Gonzélez, 1983; Carter and Scheiner, 1991; Pesch, 1991; Quingda and Zhuomei, 1993; Bolto
et al., 1996; Pattabi et al., 2000). Such advantages include the possibility of structuration in
response to specific requirements, greater purity, higher quality, stability and greater
efficiency. Furthermore they do not add insoluble substances to the sludge and they do not
modify the physical chemical properties of the water. However, it is necessary to take into
account the required toxicity specifications for each product to ensure that their use has no

adverse effects.

Based on the existing bibliography concerning the treatment of this type of water
(Walter et al., 1974; Rusten et al., 1990; Desbos and Laplace, 1990a, 1990b; Lahoussine-
Turcaud et al., 1992; Aguilar et al., 1998) and after performing a series of experiments, the

following operating conditions were established:

- Coagulation speed: 200 rpm

- Coagulation time: 5 min.

- Flocculation speed: 20 rpm when the coagulant was used alone and 40 rpm when
anionic polyacrylamide is added, since the flocs formed were larger and heavier
and tended to settle at the lower speed.

- Flocculation time: 5 min.

The influence of the settling time was also studied, the duration of the experiments

being fixed at 60 min in all cases.

Once the speeds, stirring times and settling times had been established, the remaining
variables which influence the process were also determined as follows:

3+ -1
I

With a fixed coagulant dose (500 mg Me™" ) the pH was varied within a range of

4-9 immediately after the addition of the coagulant.



Once the pH was selected and with the same coagulant dose, the dose of
polyelectrolyte used as coagulant aid was varied between 0 and 100 mg I™". When anionic
polyelectrolytes are used as coagulant aids in conjunction with metal salts, they are usually
added after the coagulant due to the negative charge of the particles in the wastewaters,

thus ensuring greater efficiency.

Once the optimal coagulant aid dose had been determined, the pH was again varied

in order to observe any effect caused by the addition of coagulant aid.

Subsequently, the efficiency of the process was studied using a coagulant dose range
of 100 to 1000 mg Me** ™.

Finally the influence of the settling time on the height of the clarification zone was studied.
2.3.- Performance evaluation.

The parameters chosen to establish the optimal conditions of the process were : COD,
BODs and TSS. The analytical methods were taken from the Standard Methods for the
Examination of Water and Wastewater (APHA, 1995). Once the optimal conditions had been
established, several parameters were measured in order to assess the coagulation-flocculation
process: particle number and size, sludge volume, nutrients (ammonia nitrogen, total
Kjeldahl nitrogen, albuminoid nitrogen, orthophosphate, total phosphorus) and residual

concentration of iron and aluminium in clarified water.

To measure particle number and size distribution a video camera connected to an

AXxioscop (Zeiss) optical microscope with 20x magnification was used.

Ammonia nitrogen was determined using the Nessler method after distillation at

pH=7.4 and then by measuring spectrophotometrically (APHA, 1995).

To determine Total Kjeldahl nitrogen, the sample first undergoes digestion in acid

medium, and then, ammonia nitrogen is determined.



Albuminoid nitrogen was determined after distillation of the ammonia nitrogen,
convertingthe amino groups of the amino-acids, polypeptides and proteins to ammonia,
using an alkaline solution of KMnO,. Then was determined in the same way as the
ammonia nitrogen (APHA, 1971).

Orthophosphate was determined by the formation of ammonia phosphomolybdate
and subsequent reduction with ascorbic acid, followed by spectrophotometric measurement
(APHA, 1995).

To measure total phosphorus., the sample was digested in acid medium, after which

the phosphorus content was determined using the above method (APHA, 1995).

The amount of sludge was determined by volumetric method using the Imhoff cone
(APHA,1995).

The residual concentration of iron and aluminium was determined by inductively

coupled plasma (ICP).

3.- Results and discussion.

3.1.- Determination of the optimal coagulant aid dose.

The experiments were performed with a fixed coagulant dose with respect to the

metal ion (500 mg Me** I'*

). Prior to the addition of the coagulant aid, experiments were
carried out with different pHs in order to determine the optimal pH values for performing the
experiments. These were found to be 7 for ferric sulphate, 5 for aluminium sulphate and 6 for

polyaluminium chloride.

The dose of polyelectrolyte was varied from 0 to 100 mg I for the three coagulants
studied. In order to determine the optimal dose of anionic polyacrylamide, the removal
efficiency of COD, BODs and TSS were taken into account (Table 2), the optimal doses
chosen were 25 mg I™* with ferric sulphate, 75 mg I"* with aluminium sulphate and 20 mg I™*

with polyaluminium chloride.



3.2.- Determination of the optimal pH.

In the coagulation-flocculation process it is very important to control pH since the
coagulation occurs within a specific range for each coagulant. With the previously
established coagulant doses and the optimal coagulant aid doses found for each, the pH was

varied within a range of 4to 9.

Figure 1 plots COD against pH for the different products used. In all cases at low pH
values the performances are lower and they increase to maximum values for a determined pH
or pH range, after which there is another fall off in elimination efficiency at high pH. BODs

showed a similar tendency.

The results corresponding to the efficiency of organic matter removal (expressed as
COD and BODs) and of total suspended solids, for the different products used are shown in
Table 3. In all cases low pH values adversely affected the performance characteristics. Again,
performance increased to reach maximum values at a given pH or pH range, after which the

elimination efficiency decreased.

The optimal pH for ferric sulphate was around 6-7. The use of anionic
polyacrylamide extended the pH range to 4-7 and increased the efficiency of the process with

respect to that obtained with the coagulant alone.

In the case of aluminium sulphate, within the range of pH studied, the removal
efficiency of the COD initially increased up to pH 5 where performances are at a maximum
and from which point on they decrease as pH increased. When anionic polyacrylamide was
used the elimination efficiency of COD, BODs and TSS was very similar. Its use led to
slightly higher performance except at the lowest pH value studied.

In the case of the last coagulant studied, PAX -18, the optimal pH range was between
5 and 8. This wider pH range than observed for the other two coagulants, is due to the fact
that the polynuclear species are already present in this coagulant and the polymeric chain is
partially hydrolysed. Therefore, the coagulation-flocculation process takes place with relative
independence of the pH. The addition of anionic polyacrylamide extends the pH range even

further and improves the elimination performance.



Extending the optimal pH range allows efficient performance in the face of changing
effluent characteristics or any pH variations that may occur during the coagulation-

flocculation process and avoid the need to adjust pH.

The optimal pH values found can be related to pH at zero point of charge (pHzy), at
which the surface charge is neutral. At low pH the surface is positively charged, while at high
pH it is negatively charged. The isoelectric point of amorphous ferric hydroxide is about 8.
Below this pH, positively charged polymers would prevail, which would destabilize the
colloids. For aluminium hydroxide species at pH values between 4 and 6, the positively
charged species are predominant, while the range 5.5-7.5 is the best for AI(OH); precipitate
(Parfitt, 1967; Tardat-Henry, 1989; Hahn, 1992; Aguilar et al., 1998)

The pH selected for the remaining experiments was 7 when ferric sulphate was used

as coagulant, 5 for aluminium sulphate and 6 for PAX-18.

3.3.- Determination of the optimal coagulant dose.

Once the optimal pH for each coagulant had been determined, experiments were

11 in order to

performed varying the dose of coagulant between 100 and 1000 mg Me
ascertain the influence on the coagulation-flocculation process and to determine the optimal
dose. The optimum dose of a coagulant is defined as the value below which there is no
significant increase in removal efficiency with further addition of coagulant. Furthermore,
this dose must be sufficient to provide removal efficiencies to carry out specifications: 80%
for COD removal and 86% for BODs (BORM, 1986; BORM, 1999). In this case, the TSS
did not seem to be a decisive parameter for select the optimum doses because, with the
exception of the 100 mg I ferric sulphate dose, the removal efficiencies were higher than the

minimum requirements (70).

Figure 2, which plots COD elimination versus coagulant dose, points to the
substantially increased performance for all three products as the metal cation concentration
was increased. In the case of ferric sulphate, the positive effect of using anionic

polyacrylamide could be clearly observed for the doses of 100 and 250 mg Fe** I'* since a
much greater elimination efficiency was achieved than when only the coagulant is used. This

means that lower quantities of ferric sulphate are needed to obtain an acceptable reduction in
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the COD values. The other two coagulants also showed improved performances with the
200 mg AI** I dose, although the improvement was not as great as in the case of the
Fez(SO4)3.

BODs reduction is plotted versus coagulant dose in Figure 3, which shows a similar
tendency to Figure 2. The efficiency of the process increased with coagulant dose, although

the use of anionic polyacrylamide only improved performance very slightly.

Figure 4 shows the elimination performances for TSS versus coagulant dose. The
curve obtained with ferric sulphate points to a considerable increase in performance from the

lowest dose up to 250 mg Fe® I

, after it changes less. The addition of anionic
polyacrylamide led to a significant increase in efficiency. Aluminium sulphate and
polyaluminium chloride provided very high performances (> 85%) even at the lowest doses
assayed. In the case of polyaluminium chloride, the addition of the polyelectrolyte had hardly
any effect on the elimination performance, while in the case of aluminium sulphate with
anionic polyacrylamide an effluent of lower quality was obtained up to a coagulant dose of

500 mg AP I,

The optimal doses for ferric sulphate, aluminium sulphate and PAX-18 were
500 mg Fe* I, 600 mg AI** It and 857 mg AI** I, respectively.

3.4.- Influence of settling time.

In the coagulation-flocculation process, the settling speed of the flocs formed is
important since this will influence the overall cost and efficiency. In order to evaluate this
parameter, the optimal conditions found for each coagulant were used. Figure 5 shows the
height of the interface against settling time. The addition of anionic polyacrylamide had a
substantial effect on the settling speed when ferric sulphate and polyaluminium chloride
were used as coagulants, since this polyelectrolyte favoured agglomeration of the flocs
formed by the coagulants, considerably increase floc size and therefore settling speed. This

means that the time necessary for this stage is reduced (Bolto, 1995; Edzwald, 1983).

3.5.- Particle size distribution



The efficiency of the coagulation-flocculation process can be studied by comparing
particle size distribution before and after the addition of coagulant (Lind, 1996; Kobler and
Boller, 1997; Mejia and Cisneros, 2000). Once the optimal conditions were established, the

particle concentration and size distribution were determined by optical microscopy.

Table 4 shows the results obtained for ferric sulphate, aluminium sulphate and
polyaluminium chloride, respectively. After the coagulation-flocculation process, the
number of particles present in the wastewater was considerably lower. The addition of the
coagulants produced a very high degree of particle elimination by size and the efficiency
of the overall elimination was quite significant (87%, 87% and 91% for Fe,(SO,)s,
Aly(SO4); and PAX-18, respectively). However, the results obtained improved substantially
when anionic polyacrylamide was added as coagulant aid (99%, 97% and 95% for Fe,(SO,)s,
Al>(SO,4); and PAX-18, respectively).

3.6.- Volume of sludge.

In general, the amount and characteristics of the sludge produced during the
coagulation-flocculation process depend on the products used and on the operating
conditions. In our case the volume of sludge produced differed according to the coagulant
used. The results obtained for the optimal conditions are shown in Figure 6. When only the
coagulant was used, the lowest volume of sludge was obtained with PAX-18, a finding which
reflects the advantages attributed to this coagulant in the literature, namely that it reduces the
quantity of sludge and improves its dewaterability (Marti, 1987; Diamadopoulos and
Vlachos, 1996).

However, the highest reduction in the volume of sludge (42%) was obtained when
anionic polyacrylamide was used as coagulant aid with ferric sulphate. As can be seen for
Figure 6, the volume of sludge produced (600 ml'™*) when ferric sulphate was added fell
from 600mlI* to 350mlI* when this coagulant acted together with the anionic

polyacrylamide as coagulant aid.
3.7.- Nutrient removal.

Table 5 shows the results obtained when ferric sulphate, aluminium sulphate and
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polyaluminium chloride were used as coagulants alone or with anionic polyacrylamide. As
can be seen, the removal of the orthophosphate reached 100%, although the reduction in total

phosphorus was also very high.

In order to study the efficiency of nitrogen removal from the water, the amount of
total Kjeldahl nitrogen (TKN), ammonia nitrogen (N-NHs) and albuminoid nitrogen (N-alb)
remaining in the flocculated samples was determined using the optimal conditions for the
three coagulants, alone or in conjunction with anionic polyacrylamide. The initial amounts
present in the slaughterhouse effluent were TKN =90, N-NH3 =24 and N-alb =53 mg I,

while the removal performances obtained are given in Table 6.

Nitrogen removal during coagulation-flocculation process is related to the removal of
colloidal matter and so the nitrogen that is removed is mainly albuminoid nitrogen since this
form represents that contained in the proteins and can be considered partially hydrophobic
(-CH, groups) and partially hydrophilic (peptide bonds, amino groups and carboxyl)
(Edzwald, 1983). They are therefore susceptible to removal by this type of treatment.

3.8.- Residual concentration of iron and aluminium.

Measurement of the residual metallic ion content in clarified water after coagulation-
flocculation process is one way of ascertaining the correct coagulant dose to be used. When
the coagulant dose is close to the optimal dose, the residual metallic ion is present in
significant quantities, whereas at the optimal dose, the residual metallic ion is practically
absent (Aguiar et al., 1996)

The concentration of iron and aluminium in slaughterhouse wastewater effluent was
4.13mg 1™ and 0.10 mg I"", respectively. The residual metallic ion concentration after the
coagulation-flocculation process varied from 0.24 to 0.98 for iron and from 0.093 to 0.90 for
aluminium, which indicates that the coagulants did not remain in clarified water after the
physicochemical treatment and that the iron content is lower than in raw water because of

blood removed from the effluent.

3.9.- Effect on cost of coagulation-flocculation process.
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The proper determination of coagulant type and dosage will not only improve the

resulting water characteristics, but also decrease the cost of treatment.

Table 7 shows the optimal dose for each coagulant, and also shows the cost of the
different products used. Of the three coagulants studied the cheapest is ferric sulphate. The
use of anionic polyacrylamide had little effect on this cost but improved the coagulation-
flocculation process, leading to a significant increase in the settling speed and reduction in

the volume of sludge produced.

It is important to point out that the optimal coagulant dose can be reduced when
anionic polyacrylamide is used as coagulant aid with ferric sulphate and polyaluminium

chloride, thus decreasing treatment costs.

3.10.- Mechanisms of the process.

The Fe** and AI®** salt mechanisms are very complex and depend on a large number
of variables, among which the cation concentration and pH at which the coagulant operates
can be highlighted (Bazer-Bachi et al., 1990; Dentel, 1991).

In light of the concentrations and optimal pH values found for each coagulant, the
operating method is probably the so-called as *“sweep floc” mechanism, or else the

“precipitation and charge neutralisation” (PCN) model.

The “sweep floc” mechanism predominates when, under optimal pH conditions, the
metal salt added is sufficient to exceed the solubility level of the amorphous metal hydroxide,
which then precipitates. In this case, the suspended particles are introduced into the
differently charged metal hydroxide flocs. The colloids may be trapped in the floc during

formation or they may be adsorbed during settling.

The PCN model differs in that charged metal hydroxide species are deposited as a

precipitate instead of being adsorbed.

4.- Conclusions
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Based on the results obtained using ferric sulphate, aluminium sulphate and PAX-
18 as coagulants and anionic polyacrylamide as coagulant aid , the following suggestions
may be made for the physical-chemical treatment of a slaughterhouse effluent by

coagulation-flocculation:

Optimal dose of anionic polyacrylamide: 25 mg I when ferric sulphate is used as

coagulant, 75 mg I"* when the coagulant is aluminium sulphate and 20 mg I* for PAX-18.

The results obtained are affected to a marked degree by pH. The optimal pH for the
coagulants was 6-7 for Fex(SQOy)s3, 5-6 for Aly(SO4)3-18H,0 and : between 5 and 7 for PAX-
18.

The optimal doses of coagulants were 500 mg Fe** I, 600 mg A" I* and 857
mg AP I"! for Fex(SO4)s, Al(SO4)s-18H,0 and PAX-18, respectively.

The most likely explanation for the coagulation-flocculation process in the above
conditions are the mechanism known as "sweep floc", or the "precipitation and charge

neutralisation” (PCN) model.

The use of anionic polyacrylamide increases the flocculation efficiency of the
coagulant, increasing the settling speed, reducing the amount of coagulant required for the
treatment and lowering the cost of the coagulation-flocculation process.
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Table 1.- Characteristics of slaughterhouse wastewater.

Parameter Average Range Number of
samples
pH 7.03 6.24-7.85 40
Conductivity (uS cm™) 3460 2650-4390 40
Alkalinity (mg CaCOs I 415 365-510 20
COD (mg I'Y* 5400 3980-7125 40
BODs (mg 1) 2760 2035-4200 40
TSS (mg IH)™ 1270 285-2660 40
Ammonia nitrogen (mg N 1) 22.1 5.5-61.8 20
Albuminoid nitrogen (mg N 1) 56.9 47.0-64.8 20
Total Kjeldahl nitrogen (mg N 1™ 71.7 54.7-99.8 20
Orthophosphate (mg P I} 35.7 17.5-62.1 20
Total phosphorus (mg P %) 715 53.9-91.7 20

“COD: Chemical Oxygen Demand
“BODs: Biochemical Oxygen Demand at five days
“"TSS: Total Suspended Solids
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Table 2.- Removal efficiency of COD, BODs and TSS using Fez(SO4)s, Alx(SO4)3-18 H,O

and PAX-18 as coagulants and different doses of anionic polyacrylamide (A.P.) as coagulant

aid.

dose of anionic poyacrylamide (mg I™)

10 20 25 50 75 | 100

Ncoo(%) 89 89 90 90 88 86

FeZ((Ss;); ne Neops(%) | 91 91 92 91 90 88
N1ss(%) 96 96 96 95 94 93

AlL(SO)s and Ncon(%) 87 88 89 89 89 89
(AP) Neops(%) | 86 86 87 88 90 89
N1ss(%) 95 96 96 96 96 93

T Ncon(%) 74 78 78 78 77 77
(AP) Neops(%) | 80 83 83 80 80 80
Nss(%) 97 97 97 97 98 97
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Table 3.- Removal efficiency of COD, BODs and TSS using Fez(SO4)s, Alx(SO4)3-18 H,O

and PAX-18 as coagulants and anionic polyacrylamide (A.P.) as coagulant aid, when the pH

was varied within a range of 4 to 9. Coagulant dose = 500 mg Me
25 mg I™* for Fe,(SO4)s, 75 mg 1™ for Al(SO4)s-18 H,0 and 20 mg I* for PAX-18.

+ -1
3

. Coagulant aid dose:

pH

4 5 6 7 8 9
Ncon(%) 64 78 87 88 83 78
Fe2(SO04)3 neoos(%) | 81 85 91 90 86 85
Nss(%) 43 69 89 94 97 08
Ncon(%) 88 94 93 91 78 59

Fe,(S04); and
(AP) Meoos(%) | 93 94 92 90 77 62
N1ss(%) 81 98 96 97 97 94
Ncon(%) 55 87 86 81 74 64
Al3(SOy)3 Neoos(%) | 85 88 86 82 77 77
Nss(%) 94 93 96 97 96 97
Ncon(%) 46 88 86 83 76 64

A|2(504)3 and
(AP) neoos(%0) | 62 89 88 84 79 72
Nss(%) 86 97 96 94 92 91
Ncoo(%) 44 77 78 77 60 51
PAX-18 Neoos(%) | 45 76 79 78 61 54
Nss(%) 57 81 97 97 96 96
Ncon(%) 74 78 80 80 76 69

PAX-18 and
(AP) neoos(%) | 86 89 90 89 79 79
Nss(%) 88 96 97 97 98 08
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Table 4.- Percentage of particles eliminated for each size range and overall efficiency of

particle removal for the different products used for the treatment of slaughterhouse effluent.

1 Fe,(S04);3 A|2 SOy)3 PAX-18

ECD' (um) Fes(S0); d(( A.P).) Al(SO9; 2 d(( A.le) PAX-18 D
0-0.5 94 99 88 95 95 98
0.5-1.0 96 99 89 98 94 99
1.0-1.5 96 100 91 99 92 98
1.5-2.0 94 100 89 99 94 98
2.0-2.5 91 100 90 98 97 95
2.5-3.0 73 100 88 99 99 88
3.0-3.5 44 100 93 98 93 83
3.5-4.0 21 100 89 98 70 75
4.0-4.5 32 99 82 96 65 78
4.5-5.0 61 100 76 98 54 73
5.0-5.5 90 99 68 90 68 84
5.5-6.0 91 100 63 84 69 88
6.0-6.5 81 96 65 71 73 84
6.5-7.0 95 100 66 72 88 82
7.0-7.5 100 100 71 60 88 92
7.5-8.0 100 87 58 75 83 94
8.0-8.5 100 91 45 76 94 95
8.5-9.0 100 82 82 91 90 98
9.0-9.5 100 86 72 96 97 98
9.5-10.0 100 85 94 100 95 92
OV.eTa” 87 99 87 97 91 95
efficiency

'Equivalent circle diameter
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Table 5.- Removal of phosphorus with the different products studied.

Products Orthophosphate Total Phosphorus
Removal (%) Removal (%)
Fex(S04)s ~ 100 99.7
Fe,(SO4)3 and (A.P.) ~ 100 99.7
Aly(SO4)s ~ 100 99.1
Al,(SO4); and (A.P.) ~ 100 99.6
PAX-18 ~ 100 99.8
PAX-18 and (A.P.) ~ 100 99.4

Total phosphorus in raw water: 58.4 mg P I
Orthophosphate in raw water: 25.8 mg P I
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Table 6.- Removal of nitrogen with the different products studied.

Products TKN N-NH; N-alb
Removal (%) Removal (%) Removal (%)
Fe2(SO04)3 59 8 86
Fe,(SO4)s and (A.P.) 59 3 88
Aly(SO4)s 51 9 82
Aly(SO4)3 and (A.P.) 57 17 80
PAX-18 60 17 87
PAX-18 and (A.P.) 63 8 88
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Table 7.- Chemical cost for coagulation-flocculation process when ferric sulphate,
aluminium sulphate and polyaluminium chloride are used as coagulant and anionic

polyacrylamide as coagulant aid.

Coagulant aid

) anionic
Dosis none )
polyacrylamide
Coagulante

Me™ | €/m® [ ngops| €M | Meops
(mg I”)

100 011 | 39 0.18 53

250 0.28 | 76 0.35 82
Fex(SO4)s 500 | 056 | 91 | 062 | 94
750 0.84 | 93 0.91 95
1000 112 | 95 1.18 96
100 044 | 69 0.63 52
200 0.88 | 68 1.07 69
500 219 | 85 2.38 85
600 2.63 | 88 2.82 89
800 350 | 91 3.70 93
1000 438 | 92 4.57 96

Aly(SO4)3-18H,0

122 029 | 68 0.34 52
245 057 | 70 0.62 77
489 114 | 76 1.20 85
612 143 | 79 1.48 86
PAX-18 857 2.00 | 87 2.05 91
1224 2.86 | 94 291 94
1468 343 | 95 3.49 93
1713 401 | 95 4.06 94
1958 458 | 95 4.63 95




LEGENDS

Figure 1.- COD removal versus pH using Fex(SOg)s, Alx(SO4)3-18H,0 and PAX-18 as
coagulants and anionic polyacrylamide as coagulant aid. Coagulant dose = 500 mg Me** %,
Coagulant aid dose: 25 mg I™* for Fe,(SO4)s, 75 mg I™ for Al(SO4)s-18H,0 and 20 mg I™* for

PAX-18.

Figure 2.- COD removal versus coagulant dose. pH=7 for Fey(SQO4)s; 5 for
Aly(SO,)3-18H,0 and 6 for PAX-18. Coagulant aid dose: 25 mg I'* for Fe,(SO4)s, 75 mg I
for Al(SO.)s-18 H,0 and 20 mg I for PAX-18.

Figure 3.- BODs removal versus coagulant dose. pH=7 for Fey(SO4)s; 5 for
Aly(SO4)3-18H,0 and 6 for PAX-18. Coagulant aid dose: 25 mg I™* for Fex(SO4)s, 75 mg I
for Al(SO4)s-18 H,0 and 20 mg I™* for PAX-18.

Figure 4.- TSS removal versus coagulant dose. pH = 7 for Fey(SQOy)3, 5 for Alx(SO4)3-18H,0
and 6 for PAX-18. Coagulant aid dose: 25 mgl™* for FeySO.)s, 75mgl* for
Aly(SO,)3-18H,0 and 20 mg I™* for PAX-18.

Figure 5.- Effect of anionic polyacrylamide on the settling speed using different coagulants.
Coagulant dose: 500 mg Fe** I'* for Fe,(SO4)s, 600 mg A" I'* for Al,(SO4)s-18H,0 and
857 mg AIF* I for PAX-18. pH = 7 for Fex(SO4)s, 5 for Aly(SOy)s-18H,0 and 6 for PAX-18.
Coagulant aid dose: 25 mg I"* for Fex(SO4)3, 75 mg I™* for Aly(SO4)3-18 H,0 and 20 mg I™* for
PAX-18.

Figure 6.- Volume of sludge produced with the different products used for the optimal

conditions.
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