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Abstract

The  major  active  ingredients  of  laundry  wastewater  are  the  surfactants.

Therefore,  special  attention  is  needed  on  the  treatment  and  disposal  of  laundry

wastewater. Aim of this study was to test the efficiency of chemical coagulation and

flocculation process in laundry wastewater in order to render the waste suitable for its

disposal at the municipal sewage network. 

Physicochemical analyses were performed, monitoring the content of nitrogen

(total  nitrogen),  phosphorus  (total  phosphorus),  anionic  surfactants  (L.A.S.),  total

suspended solids (T.S.S.) and also turbidity, pH, C.O.D. and B.O.D.5 were estimated.

The  coagulation-flocculation  processes  were  evaluated  for  three  coagulants

(aluminum sulfate – Al2(SO4)3, ferric chloride – FeCl3 and ferrous sulfate – FeSO4).

According  physicochemical  parameters,  pollutant  removals  values  between  9  and

92% were achieved in all the cases under the conditions studied. The most efficient

coagulation  agent  was  Al2(SO4)3 (optimum dosage  75  mg/l)  in  combination  with

polyelectrolyte (optimum dosage 25 mg/l) as flocculation aid.

The approbated laboratory-scaled study can be applied in laundry industries,

following the proposed chemical coagulation and flocculation process with the most

efficient  results.  Waters  with  appropriate  physicochemical  characteristics  can  be

obtained which could be either disposed at the sewage system or could be reused in

the laundry processes and other uses.

Based on the laboratory results a full scale system was designed. 
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1. Introduction

Wastewaters from industrial laundries contain several chemicals used in the

washing  procedures.  Most  of  them  are  very  difficult  to  remove  by  conventional

processes and constitute a significant impact in the environment. Laundry industry

wastewaters also contain a huge detergents amount which is a serious problem for the

disposal of the waste in the sewage system or its reuse. 

Coagulation and flocculation are processes in which the colloidal and coarse

suspended solids  of  wastewaters  are  destabilized,  aggregated  and  finally  removed

(e.g.  by  precipitation,  Figure  1).  As  colloids  are  characterized  the  visually

homogeneous mixtures or particles with size ranged 10-9 - 10-6 m. These particles also

called micelles and may be micro-crystals or macromolecules (molecules of very high

molecular weight and dimensions, such as proteins, polymers, etc). The removal by

simple  sedimentation  is  impossible  due  to  the  size  and the  electrical  charge.  The

forces  deployed  between  colloids  are  Van  der  Waals (relatively  weak-attractive

forces) and electrostatic forces (stronger-repulsive forces). Often the colloidal form

stable suspensions because of the similar negative charge and this results electrostatic

repulsion between them. To achieve the aggregation of colloids to bigger and make

them easier to separate, their destabilization is needed. Adding coagulants (positively

charged ions), the load is reduced or eliminated in order to obtain colloidal total load

close to zero, so outweigh the attractive  Van der Waals forces against the repulsive

electrical forces. This results the collision and subsequent merger of the particles to

form  agglomerates  (flocs).  With  flocculation  colloidal  systems  cease  to  be

homogeneous. By agglomerating the particles of the components (flocs) exceeds a

size  of  10-4 cm  threshold  and  are  visible  to  the  naked  eye.  A key  feature  of

flocculation and coagulation processes during wastewater treatment is the increasing

amounts of sludge generated and caused from both the addition of chemicals and the

precipitates formed and the increased removal of solids. The quantity of sludge from

the chemical treatment depends on the chemicals used and their dosage, the waste

characteristics and the performance of the process [1, 2].



Figure 1. The coagulation and flocculation process in three steps (destabilization, aggregation

and precipitation). ¤

Flocculation  products  which  favor  the  formation,  the  concretion  and  the

excretion  of  biologically  degradable  substances,  increase  the  yield  and  degree  of

purification of the wastewater. Based on the existing literature, coagulation process

has  significant  results  on  the  precipitation  of  phosphate,  nitrogen  and  other

components in wastewaters [3, 4]. Generally, coagulant and flocculation agents do not

allow the formation of floating sludge and significantly improves the texture of the

sludge, resulting a satisfying degree of dehydration in industrial wastewater treatment

systems  [4].  The  method  of  coagulation  and  flocculation  can  be  done  in  various

positions of treatment and can achieve significant reduction of the load and organic

impurities.

Aim  of  the  present  study  was  to  test  among  coagulants  and  flocculants

reagents  the  most  efficient  agent  that  could  perform  the  highest  %  removals

(efficiency tests) of the load and organic impurities and resist laundry wastewaters

suitable for reuse or disposal at the sewage system.

2. Materials and Methods

2.1. Laundry wastewater collection

The wastewaters were obtained from an industrial laundry facility in Crete,

Greece  with  an  industrial  laundry  establishment  in  eastern  Crete  with  a  daily

wastewater production of 130 m3. Samples were taken at washing machine discharge



water outlets along a period of four weeks. Samples were collected in plastic bottles

and transferred immediately in laboratory facilities for storage and analysis.  

2.2. Reagents

For the coagulation and flocculation tests aluminum sulfate – Al2(SO4)3 (98%),

ferric chloride – FeCl3 (97%) and ferrous sulfate – FeSO4 (99%) were obtained from

Sigma-Aldrich  GmbH  (Germany).  For  polyelectrolyte  solution,  a  cationic

polyelectrolyte  (Zetag  7557)  was  kindly  provided  by  N.  Krallis  S.A.  (Greece).

Distilled water was produced in daily basis from a Z2004 water distillation column

purchased from IONEL S.A. (Greece). 

2.3. Physical-Chemical Analyses

Analyses  were  performed  immediately  after  sample  collection  and  at  the

Laboratory of Physicochemical & Microbiological Water and Wastewater Analyses,

DIALYNAS S.A. in Heraklion, Crete, Greece. The physical-chemical parameters are

listed  in  Table  1.  Physical-chemical  analyses  of  pH,  chemical  oxygen  demand

(C.O.D.), biological oxygen demand (B.O.D.5), total phosphorus (TP), total nitrogen

(TN),  chlorides  (Cl-),  sulphates  (SO4
2-),  anionic  surfactants  (L.A.S.  using  the

M.B.A.S. method), total suspended solids (T.S.S.) and also turbidity were determined

according to the analytical protocols presented in Table 1.

For  the  analysis  of  wastewater  samples,  a  spectrophotometer  with  RFID

technology (DR3900, Hach), a digital reactor block (DRB200, Hach), a turbidimeter

(2100Q, Hach) and a digital pH meter (HQ11D, Hach) were used. All equipment was

internally and externally calibrated, according to ISO/IEC 17025:2005 demands.

For coagulation and flocculation tests a jar test apparatus (G.Vittadini) was used. The

samples were stored in the refrigerator until all tests and analyses were finalized.

Table 1. Physicochemical parameters of initial laundry wastewater (without treatment).

Paramete
r

Method [5] Mean Value ± SD Units
Permission

ranges*
pH APHA 4500-H 6.8 ± 0.4 5-9

Turbidity EPA 180.1 156 ± 5 NTU -
L.A.S ISO 7875-1-2-1984,

DIN 38409-H23-1
36.5 ± 3 mg/l < 10



C.O.D. ISO 6060-1989, 
DIN 38409-H41-4

2628 ± 65 mg/l < 1000

B.O.D.5 Gauge method 1070 ± 35 mg/l < 250
TSS APHA 2540-D 130 ± 12 mg/l < 250
TP ISO 8466-1, 

DIN 38402 A51
2.5 ± 6 mg/l < 10

TN ISO 8466-1, 
DIN 38402 A51

18 ± 5 mg/l -

Cl- APHA 4500-Cl C 241 ± 15 mg/l < 1500
SO4

2- SulfaVer4 turbidimetric method
USEPA-accepted

101 ± 9 mg/l < 300

*Permission ranges as set by the local water and irrigation service.
SD: Standard Deviation

2.4. Coagulation-Flocculation processes

To estimate  the  most  suitable coagulant for the  treatment  of the  specific

laundry wastes, tests  were performed in small quantities of waste  water (500 ml)

using  various coagulation  agents.  In  detail, aluminum sulfate,  ferric  chloride and

ferrous  sulphate  solutions  were  tested at  different  concentrations.  Furthermore,

combinatorial tests were performed with the above coagulants using a polyelectrolyte

solution as flocculation agent.

During these tests, the parameters of pH and turbidity were examined in order

to estimate the better combination of reagents and the appropriate dosages. The effect

of  coagulation  and  flocculation  treatment  in  laundry  wastewater  samples  was

corrected by means of a control sample. Removal efficiency of each parameter was

obtained using the following equation:

Removal ( )=( c i−c fc i )∗100  (eq. 1)

Where ci and cf, are the initial and final concentrations of wastewater, respectively.

3. Results and Discussion

3.1. Estimation of the most efficient coagulant agent

3.1.1. Using aluminum sulfate (Al2(SO4)3) as coagulant agent

The range of aluminum sulfate final concentrations tested, were from 25 to



250 mg/l. In general, changes in the pH value were in the desired range and the largest

decrease in the turbidity (23.1%) was noticed for the final concentration 75 mg/l of

Al2(SO4)3. Furthermore, the addition of polyelectrolyte solution as flocculation agent

was tested. Again the pH values were within the desired range while the best removal

in turbidity (53.9%) was noticed for the concentration of 75 and 45 mg/l, for Al2(SO4)3

and  polyelectrolyte  respectively.  Reproducibility  of  the  tests  and  stability  of  the

treated wastewater were noticed and recorded.

3.1.2. Using ferric chloride (FeCl3) as coagulant agent

The range of ferric chloride final concentrations tested, were from 25 to 300

mg/l. In general, changes in the pH value were in the desired range and the largest

decrease in the turbidity was nearly 16.5% for the final concentration 25 mg/l of FeCl3

(Figure 1A).  Furthermore,  the  addition  of  polyelectrolyte  solution  as  flocculation

agent was tested. Again the pH values were within the desired range while the best

removal in turbidity (68.5%) was noticed for the concentration of 300 and 45 mg/l, for

FeCl3 and  polyelectrolyte  respectively  (Figure  1B).  Although,  ferric  chloride  in

combination  with polyectrolyte  revealed  a  better  % removal  for  the  parameter  of

turbidity, results were not reproducible.

3.1.3. Using ferrous sulfate (FeSO4) as coagulant agent

The range of ferrous sulfate final concentrations tested, were from 25 to 300

mg/l. In general, changes in the pH value were in the desired range and the largest

decrease in  the turbidity was nearly 31.5% for the final  concentration 75 mg/l  of

FeSO4  (Figure  1C).  Furthermore,  the  addition  of  polyelectrolyte  solution  as

flocculation agent  was tested.  Again the pH values were within the desired range

while the best removal in turbidity (50.5%) was noticed for the concentration of 100

and 45 mg/l, for FeSO4 and polyelectrolyte respectively (Figure 1D).



Figure 1. Multiple factor charts – turbidity (NTU), pH and concentration (mg/l) – for ferric

chloride (A and B) and ferrous sulphate (C and D). For B and D charts the concentration of

polyelectrolyte was 45 mg/l.

3.2. Physical-Chemical Analyses

Results  for  the  estimation  of  the  most  efficient  coagulant  and flocculation

agents revealed that the use of Al2(SO4)3 as main coagulant and polyelectrolyte as

flocculation agent attribute the most efficient and reproductive results.

Moreover,  some  additional  tests  were  performed  in  order  to  assess  the

efficiency from each one agent and the combination of them om the % removal of

several physico-chemical parameters in laundry wastewaters. Specifically, there were

compared parameters in untreated wastewater sample, wastewater sample treated with

a solution of Al2(SO4)3 in the successive concentration of 75 mg/l, wastewater sample

treated with a solution of polyelectrolyte in the concentration of 45 mg/l and finally

wastewater sample treated with Al2(SO4)3 and polyelectrolyte in the aforementioned

concentrations, respectively. The physico-chemical parameters examined were T.S.S.,

pH, T.P., T.N., L.A.S., C.O.D. and B.O.D.5. The measured values and the calculated %

removal are presented in Table 2. 



Table 2. Physico-chemical parameters of laundry wastewater samples.

Physico-chemical parameters:

Sample:
Turbidity

(NTU)
T.S.S.
(mg/l)

pH T.P.
(mg/l)

T.N.
(mg/l)

L.A.S
.

(mg/l)

C.O.
D.

(mg/l)

B.O.D.
5

(mg/l)
Initial

wastewater
156 130 6.8 2.5 18 36.5 2628 1070

+ Al2(SO4)3 120 58 7.4 2.3 18 7.0 2246 481

% removal 23.1%
55.4
%

- 9.2% -
80.8
%

14.5% 55.0%

+ polyelectrolyte 57 42 7.4 1.6 21 8.5 1560 503

% removal 63.5%
67.7
%

-
37.8
%

-
76.7
%

40.6% 53.0%

+ Al2(SO4)3

+ polyelectrolyte
46 31 7.0 0.3 15 9.0 656 230

% removal 70.4%
76.2
%

-
89.7
%

17.8
%

75.2
%

75.0% 78.5%

The  combined  use  of  Al2(SO4)3 as  main  coagulant  and  polyelectrolyte  as

flocculant agent revealed satisfactory results in all the parameters tested compared to

the other two cases examined (Figure 2) . Only for L.A.S., the % removal was greater

with  the use of  Al2(SO4)3,  but  in  all  cases  succeed L.A.S.  values  were  below the

permission ranges. 

Figure 2. Efficiency of Al2(SO4)3 as main coagulant (B), of polyelectrolyte as flocculant (C)

and Al2(SO4)3 as main coagulant and polyelectrolyte (D) expressed as % removal (eq. 1).

Values of initial wastewater are also shown (A).

3.3. Understanding the precipitation mechanism

In anionic surfactants the hydrophilic group is negatively charged. They are

the most widely used type of surfactants for laundering and can be divided into four

groups; alkylbenzene sulfonates, alkyl sulfates, alkyl ether sulfates and soaps [6]. To



the best of our knowledge, in the current examined industrial laundry establishment a

bleach mixture was used containing phosphonate groups (C-PO(OH)2 or C-PO(OR)2)

and 6-(phthalimido)peroxyhexanoic acid (Figure 3). 

6-(phthalimido)-peroxyhexanoic acid phosphonates

Figure 3. Chemical structures of the main ingredients used as detergents in the current

industrial laundry establishment in southern Crete. 

Dissolved  phosphate  can  be  chemically  precipitated.  Mono-  and  even  condensed

phosphates  can  be  eliminated  by  the  precipitation  purification  with  the  use  of

Al2(SO4)3 with the proposed reaction in existing literature [6-8]:

Al2(SO4)3 + 2 PO4
3- → 2 AlPO4↓ + 3 SO4

2- (eq. 2)

This  flocculation  process  also  eliminates  considerable  quantities  of  colloidal

substances,  for instance of the sum parameters  B.O.D.5 or  C.O.D. (Table 2).  The

effect of precipitation purification catalyzed by the polyelectrolyte  presence in the

wastewater  therefore  goes  beyond  pure  anionic  surfactant  and  other  parameters

elimination. 

4. Conclusion

The aluminum sulfate was the best coagulant, in the optimum dosage of 75

mg/l  and  the  better  results  were  revealed  with  the  combination  of  Al2(SO4)3 and

polyelectrolyte as flocculation agent. Results revealed % removals ranged from 17.8%

for total nitrogen to 89.7% for total phosphorus. With the proposed treatment process,

all physicochemical parameters of the laundry wastewater examined were decreased

and meet the criteria for the disposal at the sewage system. Also, treated wastewater

can be reused within the industrial area after a proper environmental study. 
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