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ABSTRACT

This work investigates the treatment of pharmacabgffluent system using organic and inorganicgidants at
optimal conditions. To minimize total dissolved andpended solids, experiments were carried ougustiandard
Jar test method to determine the effects and resgsoof the operating conditions (medium pH, coagultbsage,
settling time) on the treatment efficiency. Thailtssndicates that the optimum conditions are 30{.1g/l and 40
minutes for coagulating medium pH, coagulant dosagd settling time for alum and Mucuna prurien seed
coagulant respectively. At optimum, the TDSS wedeced from: 920.00 mg/l to 861.12 mg/l represgnti3.26%
alum and 2200.00mg/l to 2040.50mg/l representing®% Mucuna prurien seed coagulant. In general tgrm
Mucuna prurien has proved to be better alternativalum over wide range of coagulant dosages.
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INTRODUCTION

The increasing environmental awareness at both échinternational levels invigorated the existimge to shield
the ecosystem against pollution threats arisingnfranthropogenic activities. With the growing anftwgenic
activities especially in the areas of greater itdligzation and its associated discharge of objeetble pollutant
deleterious to the environment. This situationesisritical challenges confronting the environmkenmtanagement
faced by most developing countries where dischafgdfluent such as pharmaceutical industry efftlisrcommon
with lack of stringent measure on the part of ratpry bodies.

Pharmaceutical industry effluent (PIE) is the risglwastewater from the washery unit of pharmacalproducts
plant. Pharmaceutical industry effluent is regardgdaignificant environmental pollutant of the ddesable organic
loads such as; Biological oxygen demand (BOD),oéddl, chemical Oxygen demand (COD), total dissolaed
suspended Solids (TDSS), bacteria, color etc whrehtarget for removal during treatment proces$ sisccoag-
flocculation [1-5].

Coag-flocculation is a treatment option in wated arastewater purification accompanied by additibeaagulant
(aggregating agents) which in solution furnishesidecharges opposite to those of the colloidaliplad in the
effluent. This will lead to neutralization of thepelling charges on the colloidal particles, forgne Jelly — like
spongy mass called a floc. Similarly, flocculaticauses considerable increase in the size and defsibagulated

particles resulting in a faster rate of settlingpafticles in the effluent or solutidré - 9 ].
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Over the years, high efficient inorganic coag-fldemts such as aluminum and iron salts have beemmomly
applied for water and wastewater purifications. deer, the production of large volume of non biodegble
sludge, and medical disorders associated with {hmst usage underscores their continuation. Thepediments
necessitated the search for more eco-friendly daaguan alternative coagulant that is safe, ndthdaazard
associated with its post usage. One such substaMigcuna prurienseed coagulant — an organic aggregating agent
from plant origin.

Mucuna prurienis an annual twinning tropical plant with pods @ning bean seed commonly found in the Eastern
Nigeria. The seed kernels ducuna pruriencontain significant quantities of positively chadywater-soluble
protein which is confirmed by the characterizatiesult stated in table 2. This outstanding tratslitates its easily
aggregation with the colloids and total dissolved auspended solid (TDSS) (inherently with negativarges) in
the effluent sample to promote floc formation []3q 111] .

Mucuna Prurienseed are edible (used as a thickener in melon poegaration), biodegradable substance. It has
been widely used as an effective renewable orgaggcegating agent with extensive application igdagcale water
treatment technology in different effluent mediae\Rous works with Mucuna in coal washery and phegeuatical

effluents reported by 12 ] and [ 13 confirmed its effectiveness in wastewater purtfaa particularly in alkaline
medium.

The import of this work is therefore directed todsthe provision of kinetic data, the mathematiekdtionship that
predicts the behavior of TDSS with the coag-floect$, coag-flocculation variables. The results iolewill aid in

ascertaining whether the performance of organigulzent is better than the inorganic one. Thuspjfudtimately,

the post usage handling and health challengesiatstevith inorganic coagulant can be reduced.

2.0 Theory and M odel Development.

For a uniformly interacting coag-flocculation systewhere Brownian stiochastic force dominates; the
heating/stirring of the system produces temperatueglient which causes migration of the particleseth by
thermally excited gradients of surface tension{¥3]; [ 3 ].

Oso = -E7 OsT 2.1
T
WhereE; = - 00
oinT n

Os is the surface gradient operatoris the surface tension aig is the coefficient of interfacial thermal elastyci
The effect is that particles moving randomly witffatent velocity can coag-flocculate to form lardecs.

Assuming monodisperse, perfect elasticity and biigla collisions, the general mode for microkietoag-
flocculation is given ag 16 ]; [ 17].

ke »
d 1 iJe—i '
%:E Yag Tt meg g — e Yagf niy g =2
i=1 =1
(k=1.23)

% is the rate of change of concentration of pariélsize, K

Where t is time, denotes number of mono particles per unit volume;

ng is number of the flocs of K aggregates (k = 2,3,4 per unit volume; @(i,j =- 1,2,3....) is a function of coag
flocculation transport mechanisig; denotes flux of flocs of size k.
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In case ofirreversible coagulation gy = 0. The total concentration of flocs, N and ltatancentration of the
constituent particles (including those in floccethform)N,, are given by the expressions

N = an, Nt = ank 23
K=1
Also acf: 4T[D0i,j (Ri+ RJ) El, J 2.4

Similarly, for Brownian transport is given g47 ]

kT

8
(acf)BR:_ 8pT 2.5

3

Where IZSO)L,- is the relative diffusion coefficients for twails of radii Rand R, and aggregation number i and j,

respectively; k is the collision efficiency[ 18 ]; e, = E; collision efficiency. The aggregation rate of imiéng
potential particles during coag-flocculation canoiained by the combination of equations 2.2 abdy2elds

- e kg 2.6
dt

whereN; is the total concentration of constituent parc¢time t as expressed in equation 2.3 above

K is the coag-flocculation constant

a is the order of coag-flocculation process.

Equally, @cf)er = & K¢ Nf* 2.7

Where K, is rate constant of flocculation for rapid flocatibn. However, for second orden2} reaction rate
constantK)

Ky = 8nR,D* 2.8

WhereRr, is particle radius
D! is diffusion coefficient for intending flocculatirparticles i and |

Rp :Ri+ R} 2.9

WhereR,, is relative particle radius fat; andR;
PuttingR; =R, andR; =R,
Equation 2.9 transposesRg = 2R, e

From Einstein’s approach to the theory of diffusivd?®.
= I(B;T

D! - 211
And from stokes equation Bg-—- 2.12

Where kg — is Boltzman’s constant (J/K)

T —is absolute temperature (K)

B — is the friction factor

V — is the velocity acquired by potential aggregatparticles under the influence of stochastic dofas result of
heat and stirring of the system).
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But for a solid sphere of radiusg,Rhe stokes equation gives
B=6mMR, 2.13

where,n - is the viscosity of the coag-flocculating fluid.

Substituting equation 2.11, 2.13 into 2.8 yields

Ki= 2 2T 2.14
3 n

Combining equations 2.7 to 2.14 gives:
K =3 @er 2.15

Substituting equations 2.5 and 2.15 into 2.6 yields

_ﬂ :i Sp RB;T Nta 2.16
dat 3 n

For microkinetic aggregatiow, theoretically equals 2 as given, [ 19].

From Ficks first law; number of particles entersghere with radius &per unit time J

J, = 4R,2 D* Zﬂ 2.17

Rp

whereJ, is flux (number of particles per unit surface amit, time at position Rintegrating equation 2.16 at initial
conditionsN, = 0,R, = 2R,,.

L2 [PdR, = [y dN, 2.18

2
4m Rp o

Thus/, = 8MD'R,N, 2.19

Generally, for particle of same size under theuigfice of Brownian motion. The initial rate of cdémgculation is

dN
W= SN, 2.20

Substituting equations 2.12, 2.13 and 2.19 int@ 2ilds

dN 4 kpT
—Lt=—g, 2 N2 2.21
dat 3 n
Similarly
dN, 4 kgT
- —Lt=-g == N/ att>o0
dat 3 n

Hence, from 2.20 puttingy = 2; equation 2.6 transposed to

Ne _ _KNL© 2.22
dt t )
Integrating
N¢ dNg t
vy p = Kt 2.23
Thus — =Kt + — 2.24
N¢ No

Plot of % vs t gives a slope of K and intercepté#
On evaluation of equation 2.24,, (Coagulation period) can be determined.
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2.25

Wheret :[ le] 2.26

Substituting equation 2.26 into 2.25 yields
N, = N,

( 14 )

T

2.27

As t =1 equation 2.26 transpose to;
N, =2 2.28
Similarly
N.= 0.9V,
AsN, — 0.5N,; T - %

Hence equation 2.25 becomes
gz (0.5N )" 2.29

For a coagulation period, where total number ofcentrationN, is halves, solving equation 2.2 results in the
general expression for particle of'rarder.

N, (1) — [@ m-1
N, [1 +58e ] me]
= 2.30

Recall;% = % or (0.9V,,)"

For single particle (m = 1)
M _ 1

N,
[ (5]

231

(2
] 2.32

43



V. 1. Ugonabo et al J. Chem. Pharm. Res., 2016, 8(6):39-56

For double particles (m = 2)

Nyt _ CKND r):

‘."IIJ
v 2

2.33
E Nzt = No [@]2
[1 + [EMf) 3
2.34
For triple particles (m = 3)
Nyt _ [Kﬁu tq3
No 2 -
(%9
i 2.35
E Nat = No [KJ.:-D f:|3.
(=)
2.36

Finally, the evaluation of coag-flocculation effiaicy or coag-flocculant performance of the proseas obtained
by applying the relation below.

E.;(%)=| N, -N, | x100

N

o

2.37
EXPERIMENTAL SECTION

31 Materials Collection, Preparation and Characterization.

3.1.1. Pharmaceutical Industry Effluent Sample.

The effluent was taken from pharmaceutical industigated in Anambra State, Nigeria. The presermatad
characterization were done in accordance with taedard method for the examination of water andtevaster

analysis [ 15 ] and presented in table 1.

3.1.2Mucuna Prurien Seed Sample
The seed sample was sourced from Eke Ovoko mabketko in Nsukka, Enugu State, Nigeria and processed

biocoagulant, based on the work reported[byl ] and posted in Table 2. While the sample of alumirsulphate
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(analytical grade) which has been homogenizedne fiowder was sourced from bridge head marketddcit
Onitsha, Anambra State, Nigeria.

3.2 Coag-flocculation Experiments

Experiments were conducted using 500ml Jar begkearatus. Appropriate dose of mucuna prurien seaduwant
in the range of (0.1 — 0.7) g/l was added to 256fmpharmaceutical industry effluent. The suspengiored to
varying pH of 1,3,5,7,10 and 13 by addition of 16MCL/NaOH was subjected to 2mins rapid mixing (120)p
20mins of slow mixing (20rpm) and followed by 40misettling time. During settling, sample were withan from
2cm depth and change in total dissolved and suggesalids (in mg/l) measured for aggregation kosetising lab-
tech. model 212R turbidimeter at 2, 4, 6, 10,3 and 40 minutes under room temperature. The gaovedure
was repeated using aluminum sulphate coagulantdomparative purposes. The data obtained were substy
analysed by fitting into appropriate mathematie#tions (kinetic models) for performance evaluatio

Table 1: Characteristic of pharmaceutical industry effluent sample befor e treatment

Parameter Values
Temperature’C) 28
Electrical conductivity (ps/cm) 4.9x%0
pH 3.87
Phenol (mg/l) Nil
Odor acidic
Total hardness (mg/l) 6,000
Calcium (mg/l) 594
Magnesium (mg/l) 250
Chlorides (mg/l) 100
Dissolved oxygen (mg/l) 20
Biochemical oxygen demand (mg/l) 50
Turbidity (mg/l) 1256
Iron (mg/l) Nil
Nitrate (mg/l) Nil
Total acidity (mg/l) 250
Total dissolved solids (mg/l) 225
Total suspended solids (mg/l) 57.25
Total viable court (cfu/mil) 9x 1o
Total coliform MPN/ 100ml Nil
Total coliform count, cfu/nil 1xt0
Faecal count MPN/mL Nil
Clostridium perfrigens MPN/ml Nil

Table 2: Characteristics of organic-caogulant precursor (Mucuna prurien seed)

Parameter Value
Moisture content % 20.00
Ash content % 15.00
Fat content % 8.50
Crude fibre % 9.50
Crude protein % 40.75
Carbohydrate % 6.25

Table 3: Optimum kinetic parametersand linear regression coefficient of MPSC in PIE at varying dosage and pH of 13.

Parameters  0.1g/l 0.2g/l 0.3¢g/1 0.44/l 0.5¢g/l 0.69/1 0.7g/l
o 2.000 2.000 2.000 2.000 2.000 2.000 2.000
R? 0.925 0.665 0.902 0.897 0.952 0.788 0.743

K(I/g.min) 2.18E-05 1.51E-04 1.3540E-04  9.215E-05 1.20E-05 6.846E-05 8.92E05
Kgr(/min) 1.5724E-19 1.5724E-19 1.5724E-19 1.5734E-19 1.5734E-19 1.5734E-19 1.5734E-19

Ber(l/g/.min)  4.36E-04 3.02E-04 2.708E-04 1.843E-04  2.4E-04 1.3692E-04  1.784E-04
en(g?) 2.7728E+15 1.9206E+15 1.7222E+15  1.1713E+15 1.5254E+15 8.7022E+14 1.1339E+14
12 (Min) 0.33 0.48 0.54 0.79 0.60 1.06 0.81

(-n 2.18E-05N° 1.51E-04N 1.3540E-04N 9.215E-05W 1.20E-O05N  6.846E-05N  8.92E-O5N
No(g/l) 459.5588  441.1116  385.1338 452.0183 932.3140  435. 8058 257.9314
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Table4: Optimum Kinetic parametersand linear regression coefficient of ALUM in PIE at varying dosage and pH of 10

Parameters  0.1g1 02g1 03gl 0.4g1 0.5g1 0.6g1
o 2.000 2.000 2.000 2.000 2.000 2.000
R: 0.646 0.631 0432 0.449 0.607
Elgmim) 134E04 2.335E-05 8.078E -06 3 903E-06 5.95E-06 6.243E-06
Es(55) 1.5647E-19 1.5647E-19 1.5668E-19 1.5668E-19 1.5668E-19 1.3696E-19
ferilgmm) 2.68E-04 4 7E05 1.6156E-03 7906405 1.19E05 1.2486E-03
£z 1.7128E+14  3.0038E+14  1031E+14 3.1034E+13 130931E+13 7.9333E+13
Ty (min) 0.14 24 433 304 290
(1) 134E-05N1  2.33E -05N2 S078E 06N 3008E-D6NS  5.03E -06N2 6.243E 062
Nzl 271.0762 481 6956 86793802 1069.1757 10613458 7502438
0.008
0.007 A 0.1g/l
mo.2g/l
0.006 e/
= 0.005 A0.3g/l
oo 0.
= X 0.4g/I
A 0.004
a X 0.5g/I
<
 0.003 ©0.6g/!
0.002 & 0.7¢g/!
®*« T
0.001 *
0 T T T T T T 1
5 10 15 20 25 30 35
Time (min)

0.7g

2.000

0.675

6.20E-06

1.3699E-10

1.24E-05

1.8986E+13

292

6.20E 06N

1416.4306

Fig.1: Rateplot at optimum pH and settling time for MPSC
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Fig.2: Rateplot at optimum pH and settling time For ALUM
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Fig.3: Coag-flocculation efficiency at optimum pH and settling timefor M PSC
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Fig.4: Coag-flocculation efficiency at optimum pH and settling timefor ALUM
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Fig. 5: Coag-flocculation efficiency at optimum settling time and dosage for MPSC
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Fig. 6 : Coag-flocculation efficiency at optimum settling time and dosage for ALUM
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Fig. 7 : Microscopic particles aggregation profile for half life of 0.33min for MPSC
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Fig. 8: Microscopic particles aggr egation profilefor half life of 1.06min (M PSC)
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Fig. 9: Microscopic particles aggregation profilefor half life of 0.140min (ALUM)
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Fig. 10: Microscopic particles aggregation profile for half life of 4.53min (ALUM)
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Efficiency E (%)

0.1g/l | 0.2g/l | 0.3g/I | 0.4g/I | 0.5g/1 | 0.6g/1 | 0.7g/I
B MPSC | 84.64 | 83.04 | 91.16 | 86.52 | 84.78 | 79.57 | 82.61

HWALUM| 93.26 | 80.87 | 61.96 | 48.7 | 51.09 | 29.57 | 40.43

Fig. 11 : Particles aggregation profile at optimum settling time and pH 10
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Fig. 12 : Particles aggr egation profile at optimum settling timeand pH 13
RESULTSAND DISCUSSION

4.1 Characterization results

Tables 1 and 2 presents the results of industtyesff (PIE) andViucuna prurienseed coagulant (MPSC). From
table 1, the main factors determining the levelusbidity, are biochemical oxygen demand, totakdiged solids,
and total suspended solids. The relatively higlueslof these parameters, automatically translatdsethigh level
of turbidity in the PIE, necessitated this studheTpH value (3.87) show that PIE is acidic. Thieqgdmenon is
supported by high level of electrical conductiiy@0ps/cm), suggesting that PIE sample is enrietitd charged
ions, which favors coag-flocculation treatment optiThe low pH value obtained in PIE sample befoeatment
with MPSC, might be due to high levels of free £idherent which may subsequently affect the |@fddiological

organism in the wastewate®0 ]. Though the values of TDS (225mg/l) and TSS (5m@%h) are relatively high but
quite settleable, in form of sludge which can bedufor erosion control practice such as land fijllireclamation.
With Zero metal, and high levels of calcium and megjum in table 1, suggest that the PIE samplébearecycled
for agricultural purposes probably as a soil caadér. In Table 2, the substantial percentage ofgim, has been
shown to be a principal active ingredient respdeditr the coag-flocculation properties of MPSC arider natural

coagulants of this typel ]. The reasonable traits of protein in MPSC is alication that it is endowed with higher

percentage of amino groups. During treatment tiima substance could be converted to nitrite atdtei by some
bacteria present in the effluent consequent onciigd lead to increase in the nitrites and nigdéwels of the post
treated effluent, invariably improving on the natis levels of the sludge for use as soil cond#ioas

aforementioned21]. Conclusively, from post characteristic resultsough not shown MPSC has antimicrobial
effects. This is predictable because experienceesidbnce from literature has shown that turbidégnoval is a

precondition for removal of bacterial and vifu20 ].

4.2 Coag-flocculation efficiency at optimum pH and settling time.

This actually depicts the time course removal &ficy in assessing the effectiveness of given dd3¢PSC and
Alum respectively at optimal pH and settling tinmeremoving TDSS from PIE. The results of this assesnt are
shown in figs.3 and 4. Generally, the process wéatively fast at the onset with about 62.61% rdedrat 6mins
for all the coagulants and dosages considered tivélexception of 0.1g/l and 0.7g/l dosages for Amil MPSC
respectively. Best results were obtained at lonwagesof 0.1g/l for both coagulants and optimum pH@fand 13
for Alum and MPSC respectively. In fig.3 increaseskettling time affected TDSS removal efficiencysiioely
whereas it is the reverse in fig.4. The consequenthis account could be linked to the high degresolubility of
Alum in PIE. Similarly, high coagulant dosages meses the removal efficiency as shown in fig. BisT
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phenomenon is justified because high dosages deattito overdosing resulting in the saturationhaf polymer
bridge sites. Hence, there will be restabilizatidrihe destabilized particles due to insufficientber of particles
to form more inter-particle bridges. Whereas in 8gincrease in coagulant dosages has negligifileence, on the
removal efficiency. The coagulation activity in fi§ is linked to adsorption and neutralization bfages or
adsorption and bridging of destabilized particleschanisms. Whereas in fig 4, is linked to partiatiging and
charge neutralization mechanism.

4.3 Coag-flocculation efficiency at optimum settling time and dosage.

This is presented in figs. 5 and 6. The figurepldigs at optimum settling time and dosage the tiariaof

efficiency, E(%) as a function of pH of the efflienedium. The general trend in the figures show tieagulants
performed better at higher pH. The optimum reme¥ffitiency of the coagulants is found to occur iffiedent pH.

Figs 5 and 6 for example showing the best resudptimal pH and dosage of 13, 10 at 0.1g/l eacle. dddition of
coagulants exceeding their optimum dosages is foorgive no additional positive effect as showrdigs. 5 and 6
which reduces the separation process. This mighttuigeto counter ionic re-stabilization causing diepersion of

the flocs and subsequently affecting the settlihghe particleg22]. In concrete terms, in fig. 5, in PIE some of
MPSC chains of amino groups might react with hydiexons, leading to a smaller number of activerengroups

to react with TDSS. Ideally, it is expected thatrgase in the MPSC dosage will enhance its perfocsabecause
high dosages of MPSC will result in a higher numbleamino groups. However, it was observed thateiase in
MPSC dosages resulted in the decline in efficiefidys occurrence may be as a result of entangleimetnteen
polymer chains themselves caused by interactionngnamino groups on MPSC chains, thereby reducieg th
number of active amino groups for coagulation WilhSS in PIE.

However, it is worthy to mention that in fig. 5ethest efficiency of the MPSC was recorded at p#3ofor all the
dosages considered. Whereas in fig.6, increabmgldésage of Alum brought about decrease in theexity. This
reduction may be due to higher concentration ofrtwy group in high dosage of alum that will competith

TDSS in PIE for adsorption sites. In addition, Is&jt of metal hydroxides is favored at high p1 ]. Fig. 6, also
show that beyond pH of 10, the efficiency drasticedduced. This may be that at higher pH, theocéti charge of
alum becomes less positive and as a result, |dsssamh to anionic TDSS in PIE. Generally, the imgion of
results presented in Figs. 5 and 6 are that tharmam rate of coagulation led by optimum rate comist& are
achieved at 0.1g/l dosage each and pH of 13, J&ctisely.

4.4 Optimal coag-flocculation and regression coefficient parameters.

The linear correlation coefficient fRwere evaluated from the plot of 1/br 1/TDSS against time expressed as
equation (2.26) and presented in figs. 1 and 2.rateerelated result obtained at optimal pH antisgttime were
posted in tables 3 and 4. Linear correlation coifit () was employed in evaluation of the level of accyraf

fit of experimental data on equation (2.26). Tablend 4 indicates that data®(R 0.60) were adequately described
by equation (2.26) at the optimal pH and dosagesidered except 0.4 and 0.5g/l as shown in tablEhis is an
indication that generally, the process of attractad TDSS on the chains of amino groups in MPSC aedal

hydroxides in Alum during hydrolysis is controllegt monolayer sorption mechanigm ]. Hence, confirming the
theory of micro kinetics that show = 2. Meanwhile, equation (2.24) show thatlates with K inversely. Thus, for
a highera to be obtained, a lower K is a necessary conditbnwhich is coag-flocculation rate constant is
evaluated by fitting the experimental data on e€gnaf2.26) (linear plot of 1/Nagainst time) as slope of the linear
plot. For K = 0.5 (g)gsr expressed as equation (2.15) and posted in t&8béesl 4 shows the least and maximum
values K (0.00006846 I/g min) obtained at 0.6g4l & (0.000218 I/g. min); K (0.000003998 |/g.min)taimed at
0.4g/l and K (0.00134 I/g. min) obtained at 0.1fgd MPSC and Alum respectively. Low rate obtaing¢digher
dosages at the conditions of this study can b#éatéd to returbidization of the medium causing diepersion of
the flocs and subsequently affecting the settlihghe particles. In addition, K is a rate at whiato or more

intending particles approaches each of8}. By implication K is linked to energy barrier beten these potential

coag-flocculating particles caused by the preseficghear forces or potential hump between them.vEhee ofry ),

obtained from equation 2.31 and solved: for 0.Jagd 0.6g/I dose (0.33min and 1.06mins)-- table.Bg/l and 0.4
g/l dose (0.14mins and 4.53 mins) — table 4. Thiifjes the optimal values of K recorded at 0.¥gfl both

coagulants.
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The period of 0.33min and 0.14 min are the lowesbrded for MPSC and Alum an indication of besfqrerance

at the corresponding dosages. The results postrdblies 3 and 4, show that high K correspondsworig and vice
versa, a relationship that suggest strong link a6y, and rate of aggregation. Comparatively, the valui€ in
table 4 is higher than that in table 3, this isimdication that higher particle aggregation (TDSB)the alum
interface is expected, translating to more TDSSonah

g, and K were obtained from equations (2.5 and 2.14) resdyg. On substitution of equation (2.14) into atjon
(2.5) gave rise tg,. K;, rate constant for rapid flocculation is a funatiaf temperature and viscosity of the effluent
medium i.e K = fn (T, g). The variation of Kvalues obtained in this study are minimal, follogiinegligible
changes in the values of temperature and viscofithe effluent medium. Atkapproximate to unitg, relates
proportionally to K i.e 2K = (ggr (equation 2.16). Thus a high results in high kinetic energy to overcome the
electrostatic barrier or potential hump. Apparenttpm theoretical background,, values requires low Nand K
values and vice versa. However, the results iretaBland 4, indicate that only K values satisfies dforestated.
This justifies high rate of settling obtainabletimbid waters.

Rate of reaction (-r) or (dNit) as seen in equation (2.23) relates directth Wi and N. the implication is that high
coag-flocculation rate constant K results in higterof reaction. This accounts for the rate of sonpof TDSS on
the coagulants interface at different dosages amdTihus more TDSS is expected to be removed aimapti
conditions (K, dosage, setting time and pH). Apptye high TDSS removal rate is a necessary caoitor high

K value and corresponding low,.

Generally, the deviations observed in the resdltthe functional parameters are due to unattainabfeimptions

that mixing of TDSS in PIE throughout the dispensis completely homogenous prior to aggregafieA] ; [9].

The second account is the effect of interchangactibn and reaction between and among the repulsices and
hydrodynamic interactions.

4.5 Time evolution of particle size distribution

On substitution of K obtained from equation (2.26p equation (2.32), then time evolution of aggtesg (singlets,
doublets, triplets for m = 1,2,3 respectively) wpredicted. The curves in figs. 7 — 10 physicabynbnstrates the
responses of periods 0.33min, 1.06min, 0.14min, %8 min to particle cluster size distribution.itical
observation on the curves showing the behavior afigge sizes at the minimal period for MPSC andirAl
presented in figs 7 and 9, indicate that the stsghead sum of particles are seen to fuse into eneek from N =
1380 — 200 and N = 1840 — 720 with a steep slope.ifplication is that there is negligible zetagmtal between
them at that point. In fig. 7, the singlets candeen to fuse into doublets and triplet at t = 2minmfinity,
meanwhile there is space between the rest of thielea and sum at the time under consideratiorciviwas later
overcome by electrostatic attraction at t = 20rihis occurrence is caused by the existence of naihoulloidal
entrapment and low shear resistance prior to 2Qmins

Whereas in fig. 9, all the particle sizes with gxtoen of the sum of particles were seen fused togedt about t =
18min - infinity. Then there is existence of poteahhump between the rest of particles and the $tom t = 2min -
infinity. Generally, the behavior pattern of thetpdes in figs. 7 and 9, indicates the existenEenmimal energy
barrier, obtainable in a system with high coag<€ldation rate constant. The curves in figs. 8 abdHow traits of
system with relatively high zeta potential in egiste which is more pronounced in fig. 10. Thisvi&lence that
there is difference in concentration of TDSS betwH® particles sizes and the sum. In figs. 8 ahdHe singlet
and sum of the particle are seen decreasing linedth time though the occurrence is more in fi§. \hich is
expected because of its high, with the corresponding low K. This situation doest guarantee effective coag-
flocculation process. Fig. 8, show that the higkashresistance existing between the pairs of dirglsum and
doublet — triplet were overcome at 8min resultinghie agglomeration of singlet, doublet and trifh¢t a unique
floc, with relatively low repulsive forces betwetltem and sum of particles. This phenomenon wagsaleagtd at t
= 30min resulting in aggregation of various clagsparticles into large floc ready to be sweep awaygler
gravitational influence at the optimum coag-floatidn settling time. Whereas in fig. 10, the hidtear forces
persisted until 40min, witnessed the formation a¢rofloc resulting from the aggregation of singldoublet and
triplet. The implication is that existence of thigh shear forces resulted in resistance to partiallision.

4.7 Particles aggregation profile at optimum settling time and pH.
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The coag-flocculation activity of MPSC and alum veasnpared at optimum settling time and pH and mteskin
figs. 11 and 12. The overview of fig. 12 show tMRSC and alum can effectively remove TDSS from &tifhe
least dosage (ie. The pH domain of alum). Wherga$ig. 11, MPSC has shown its effectiveness in aeimg
TDSS at all dosages considered over alum. The gkeremults indicate that MPSC performed better tilam at the
pH and dosages studied except pH of 10 at 0.1g/glw where alum recorded a slightly higher efficyerThe
remarkable advantage of MPSC over alum are theuptaoh of low volume biodegradable sludge, envirentally
friendly, medically safe, capable of achieving@#nt operation over a wide range of dosages ifptD and 13.
CONCLUSION

This work has demonstrated the effectiveness oaricgcoagulant (MPSC) to remove TDSS from PIE over
inorganic coagulant (alum), over wide range of desaat optimum settling time and pH. Results revéat the
optimal conditions for process operation are: fari0D, 93.26% TDSS removal efficiency - (alum); 886 TDSS
removal efficiency — (MPSC) all were achieved dt §/l dosage and 40 minutes settling time, for 3144.50%
TDSS removal efficiency, 0.4 g/l dosage- (alum);7826 TDSS removal efficiency, 0.1 g/l dosage — (P he

results is in agreement with previous similar wdrk$ ] ; [17] [ 1§ better than alum

NOMENCLATURE

K: ath order coag-flocculation constant
(acfgr: Collision factor for Brownian Transport
2p: Collision Efficiency

Ty Coagulation period/half life

Eij: Coag-flocculation Efficiency for | and j gicles.
R%: Coefficient of Determination

a: Coag-flocculation reaction order

-r: Coag-flocculation mass transfer rate
Organic coagulant: Mucuna prurienseed coagulant (MPSC)
TDSS: Total dissolved and suspended solids.
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