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ABSTRACT

Segregation and treatment of the washing wat?r from the scrub-
bing towers via chemical coagulation - sedimentation using lime ,
lime aided with a non - lonic polymer , ferrous sulfate and | or ferric
chioride in combination with lime were investigated . The results ob-
tained indicated that chemical treatment is very efficient in removing
fluoride , phosphorous and suspended solids , Averdgc phosphate and
Sluoride removal values were 98% and 99% respectively, with corre-
sponding average residual values of 2.3 and 9.0 mg / L . Also ,-97_5 %
of the suspended solids was removed while 1he average residual value

was19mg/L.
INTRODUCTION

One of the major sources of water pollution in Egypt is indus-
trial effluents . Industrial pollution can destroy commercial fishing ,
ruin public water supplies , creat aesthetic disasters , and threaten

the public health (1) .
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In Rosetta branch of the Nile River a fertilizer plant which pro-
~ duces single superphosphate fertilizer and sulfuric acid discharges
© 20,000 m3 / d wastewater directly to the river without treatment .

Wastewater produced from phosphoric fertilizers, is normally
“acidic and contains phosphates, silicates, fluoride and highrco'ncen-
tration of total dissolved and suspended solids (2 -4 ).

The most hazardous effect of fluoride bearing wastes is ob-
served when a river water contaminated with the waste is used for
domestic supplies . While fluoride up to-1 mg / L has been found to
be necessary in drinking water to prevent decay of teeth , concen-
trations greater than 1.5 mg / L have been reported to cause dental
fluorosis or " mottled teeth " (3) . However , it has been reported
that industrial effluents containing fluorides up to 10 mg / L have
detrimental effect on soil and plants , when used for irrigation pur-
poses (2,5) . Also , the presence of phosphate is conductive to the
growth of algal bloom . It is known that the minimum requirement of
nitrate ( as N ) is only 0.08 mg / L and phosphorous ( as PO4 ) is
even less , of the order of 0.015 mg / L. Thus the discharge of
wastes containing these substances will creat eutrophication prob- |
lems in the receiving water bodies . Also it is recognized that a
soil should not receive continued application of nutrients rich water
since excessive accumulation of the nutrients in the soils would in

the long run , adversely affect the crops .

Therefore , the aim of this work is the reduction of pollution

load produced from such fertilizer plant to final discharge .

268



Sohair and Hala El-Kamah.

MATERLAL AND METHODS

Manufacturing process in the plant

The company produces both sulfuric acid and single super-
phosphate fertilizer as main products , sodium fluosilicate and ferro-
us sulfate as - by products . The acid unit is essential not only for
the basic sulfuric acid raw material but also for superphosphate pro-
duction to produce steam for operation of vacuum evaporation
equipments . '

A) Manufacturing process of sulfuric acid

‘The raw material used is elemental sulphur which can be
changed to sulphur dioxide . The sulphur dioxide is oxidized to sul-
phur trioxide , which combines with water to yield sulfuric acid . The
oxidation of SO, to SOz is performed by the catalytic "contact” ac-
tion of vanadium oxides . Figure (1) is a schematic diagram of the

manufacturing process of sulfuric acid .
B) Manufacturing process of single supérphosphate
fertilizer

The two raw materials used in the production of normal supr-

‘phosphate are 65 - 75% H,SO4 and grinding rock ( apatite ) . Dur-
ing the reaction CO; , HF are released . Which make the rock por-

ous . The porocity of the rock helps in subsequent curing .

Carbon dioxide is liberated because of limestone impurities in

the rock and hydrogen fluoride becaues of calcium fluoride .

Some of the hydrogen fluoride attacks the silica impurity in the
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- rock , resulting in the production of silicon tertrafluoride gas . The
three gases CO, , HF and SiF4 are sucked gently into a scrubbing
tower . Silicon tertrafluoride further réacts with cold water to form
the fluosilicic acid ( an insecticide ) HySiFg . This is the normal op-
eration ( open circuit technique ) . In case of the production of sodi-
um fluosilicate , the effluents from the scrubbing towers are recycled
several times until the concentration of the formed acid reaches 15 -
baumé ( closed ciruit technique ) . This technique is done only in the
factory from time to time according to the needs of the market . In
closed circuit the 15 baumé H3SiFg is treated with sodium chloride
and utilized to produce sodium fluosilicate , a preservative for pbn—

land cement surfaces and gives a smooth surface for tiles and ce-
ramic product . The overall manufacturing - process is shown in fig-

ure (2) .
Sources of Wastewater in the Company |

There are two production units in the company , the super-
phosphat and sulfuric acid units . In supcrph'qsphate departement
there are two sources of wastewater which are ; cooling water from
the sulfuric acid dilution unit , and the wastes from the scrubbing
towers . The cooling warter which amounts to 150m3 / hr , is rela-
tively clean , and discharged to the Nile River through the drainage
system . The wastewater from the three scrubbing towers (30m3
/ hr ) is discharged to the drainage system in case of the open cir-
cuit opefation . When sodium fluosilicate is to be produced , closed
system is applied . Accordingly , only 15m3 / bath is produced and
discharged to the drainage system as a shock load .
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-Wastewater produced from the sulfuric acid production unit is
mainly cooling water ( 250 m3 / hr ) and is discharged also to the
River Nile . Table (1) illustrates the different sources of wastewa-

ter in the company

Table 1 . Sources of wastewater in the company

Source of wastewater Quantity m3 / hr
Sulfuri id_uni |
Cooling water ( 2 open circuits ) 250.00
and boiler blowdown
Superphosphate unit
1. Cooling water ( open circuit ) . 100.00
2. Washing of scrubbing towers 28.00

3. Boilers blowdown -50.00

Collection of Samples

Due to the great variations in the QUality of wastewater pro- -
duced from the plant , composite samples from the final effluent of
the superphosphate unit , washing water from the scrubbing towers
and cooling water from the same department were collected . This
was carried out to give close representation of the quality of the ef-

fluent as it is influenced by the daily operation .
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Analysis
The physico - chemical characteristics coverd the following :

.PH , electric conductivity -( E.C ), total solids at 105°C (T.S),
fixed residue at 550°C , total suspended solids at 105°C (TSS),
turbidity (NTU) , total phosphate (T.P) , silicates (SiO;) chlorides
(CL-) , calcium (CaZt) , fluoride (F-) and sulfate (SO4--) . The
analysis , were carried out according to the APHA methods 6) .

Treatability Studies

Pendent on the plant survey it was found that the main source
of pollution in the company is attributed to wastewater from the
scrubbing towers . Therefore , segregation and treatment of wash-
ing water from the scrubbing towers were carried out 4.7 .

Chemical coaguiation - sedimentation

Chemical coagulation - sedimentation was investigated using
different coagulants . The chemical coagulants used were lime , lime
aided with non - ionic polymer "Nalco 600" , ferrous sulfate and / or
ferric chloride incombination with lime . "Jar test" scale treatments
were performed to gain information about the optimum conditions of
each coaulants under investigation . For the same coagulant the ex-
periments were repeated 4 to 5 times for the wastewater collected

at different dates and over a period of six months .

Physico- chemical analyses of the treated effluent , at the pre-
determined optimun conditions , were carried out . Moreover ,

sludge analysis was performed for each run .
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RESULTS AND DISCUSSION

Characterization of Wastewater from the Superphos-
phate Unit

The final effluent from this department is a mixture of cooling
water and washing water ( process water ) from the scrubbing tow-
ers .Variations in the physico - chemical paramenters of final efflu-
ent of the superphosphate production unit is recorded in Table (2) .
Complete analysis of the segregated washing water from scrubbing
towers indicated that it is the main source of pollution .

The results obtaind in Table (2) and Figure (3) indicated a
wide variation in the wastewater characteristics in terms of fluoride
, silicate and phosphate contents . The data also showed that the
wastewater is highly acidic . The pH value varied from 0.7 to 2.06 .
Moreover , the wastewater contains a high concentration of phos-
phaté which reached 308 mg / L with an average value of 107 mg /
L. The major pollutant in this wastewater is fluoride and its concen-
tration varied from 80-13500 mg / L according to the daily oPér_atio’n.
Suspended solids content was as high as 1227 mg / L , while , the

- waste -contains also considerable concentration of dissolved solids
which repersent 71.4% of the total residue on an average basis .
From the previous results , it can be seen that wastewater from
the scrubbing towers are highly contaminated with inorganic pollu-
tants . These results are in the normal range of wastewaters pro-

duced from a typical fertilizer plants (3) .

Analysis of cooling water discharged from the superphosphate
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unit is recorded in Table (3) . The results obtained indicated that
the pH was almost neutral , while the electric conductivity value
ranged between 200-600 pmho / cm with an average value of 408
pumho / cm . The average values of total solids , silicate and phos-

| phates were 514 , 10.0 and 1.2 mg / L , respectively . These results
are in the normal ranges of boiling blowdown contaminants (2) .

Table (2) Characterization of wastewater from the plant

Samples Wastewater from  Wastewater from
scrubbing towers superphosphate unit

Parameters
mg /L Range Average* Range Average*
pH- value 0.7-2.06 - 237281 .
Turbidity (NTU) 55-442 . 205 - -
ECumho/em  4500.33000 14925 1900-3300  2548.0
:’; . 18914460 3117  872-1364 10880
TS 917-3674 2226  723-1155 9880
T'P' 182-1227 705 31-243 100.0
. 25-308 107 10.8-90 365
sio, 80-13500 3257 - -

. 120-8000 3408  8.5-363.6 154.2
S04 28-2200 528  N.D-420 108.0
* Average of twenty runs. N.D: Not detected.
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Table (3) Characterization of wastewater from the plaht'

Samples vCooling water from  Cooling water from
sulfuric acid unit = superphosphate unit

Parameters

mg /L Range Average* Range Average*
pH- value - 7.0-8.06 - 689701 -
ECumho/cm  480.0-2000 123100 - 200-600  408.00
TR 336.0-1573  1083.00  339-1114  513.60
TDS 205.5-1209  861.00  335-1062  486.00
;.g.s 155610 17800 23.00-63.00  37.25

0.8-6.40 2.35 0.50-2.00 1.16

Si0,
O 6.5-49.10 2530  4.80-17.50 1021

4 31.1-6600 5530  1500-52.80  31.10
cr 50.0-520.0 2714  42.50-264.00 260.00
F N.D ~ ND N.D-1.60 0.30
* Average of twenty runs. N.D: Not detected .

It was found necessary to analyze the other cooling water in
the plant i.e. , cooling water from sulfuric acid production unit . Cool-
ing water discharged from this unit is basically from two open cir-
cuits ; cooling water boiler blowdown and closed loop Cooling tower
blowdown . The results obtained in Table (3) indicated that this
water is relatively clean and the dnly contaminant is the dissolved .
inorganic salts which is erepresented by the electric conductivity . It
ranged between 840 and 2000 pmho / cm with an average value of
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1231 umho / cm . This value may be attributed to the use of ground
water in combination with Nile water as a source of cooling water in

this unit . Average concentrations of chloride , silicate , and sulfate
were 271,25 and 55 mg / L, respectively

Treatment of wastewater from the Superphosph‘ate
Unit

Segregation and treatment of washing water from the scrub-

bing towers was carried out .

A) Use of lime

The results obtained from different runs showed that the opti-
mum pH was around 9.3%0.2. and lime dose is ranging between
17.2 and 19.5 g / L was required . The data obtained in Table (4)
showed that the use of lime was effective in removing fluoride ,
phosphate , and suspended solids . Average phosphate and fluoride
removal values were 97.6% and 99%, respectively , with corre-

sponding average residual values of 2.3and 9 mg/L.

These results are similar to that obtéincd by Arora (3) and
Vinay et al . (1) in which they obtained more than 95% removal of
fluoride via chemical coagulation sedimentation using lime and cal-

cium carbonate as coagulants .
B) Use of lime aided with Nalco

In an attempt to improve the efficiencey of the treatment pro-
cess , the non - ionic polymer "Nalco”, was used incombination with

lime .
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Table (4) Average results of the chemlcally treated effluent using
lime at optimum conditions. _

- Parameters Samples
mg /L Raw CTE** . %R
Turbidity (NTU) 182.0000 2470 98.60
EC.x 103 (umho/cm)  19.000 1.925 89.80
COD 48.200 22.850 - 52.50
T.R 105°C 2963.000  1775.000 - 40.10
T.D.S 105°C 2178.000  1750.000 19.37
T.S.S 105°C ' ~ 789.000 19.300 - 97.50
| ‘ 100 0.625 ND - 100.00
Sett. Solids < 30 3.025 N.D 100.00
TP 99.000 2.300 , 97.60
F. R 1322.000 9.700 99.30
S'-O 4602.000 62.600 98.60
2 809.000  5.830 99.30

S0, ,

S \ nalysi o |

Sludge volume ml /L - 245.000

Total weight g/ L 105°C 29.700

Inorganic weight g/ L 550°C 18.360

v *Averaue of four results
*x Chemxcally reated effluent

Dxfferem doses of Nalco 1s rzmgm“ between 0.125 and 0.75 mg /L
were used with a constant dose of lime (19.0 g /L) and at pH 9.0.
The results obtained in Table (5) tend to show that the use of Nal-
co slighﬂy' imporved the removal of fluoride. The residual concentra-
tion of fluoride was 9.7 mg /L when lime was used alone, (Table 4) ,
while it decreased to 9.0 mg / L when lime was aided with 0.25 mg
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/L Nalco.
Table (5) Average* results of the chemically treated effluent us-
ing lime (19 g/L) aided with NALCO (0.25 mg/L) at optimum con-

ditions.

Parameters Samples
mg/L
_ - Raw CTE** %R
E.C.x 103 (umho/cm) 19 1.500 92.10
TR  105°C 2963 1493.000 49.60
T.D.S 105°C 2178 1477.000 32.18
T.S.S 105°C 786 16.500 97.90
T.P. 99 2,180 97.80
F- 1322 9.000 99.00
Si0, | 4602 11937 . 9740
Sludge Analysis
Sludge volume ml/L 252.500
Total weight g/L 105°C 36.412

24.970

Inorganic weight g/L 105°C

*Average of four results
** CTE: Chemically treated effluent

C)Use of ferrous sulfate with lime

Due to the availability of ferrous sulfate as a by - product in the
company , it was used as a coagulant , while lime was used as a co-
agulant aid and to raise the pH of the wastewater . Both Ca?* and
Fe2™ acted simultaneously as coagulants . The results obtained in
Table (6) indicated that 19 g/L of lime was required to raise the pH
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to= 10 . Average dose of ferrous sulfate which produced the maxi-
mum phosphorous and fluoride removals was 0.76 mg / L. The aver-
age percentage removals of fluoride and phosphate were 99% and
98%, respectively , with corresponding residual values of 11 and 1.9

mg/L.
Table (6) Average* results of the chemically treated effluent

using ferrous sulphate (0.76 g /L) with lime (19 g /L) at optimum
conditions. o

Parameters Samples
mg /L
| Raw CTE** %R

E.C.x 10° (umho/cm)  19.0 1.70 91.00
COD 48.2 14.95 68.90
TR 105°C 2963.0 2049.00 30.80
T.D.S 105°C 2178.0 1965.00 9.70
T.S.S 105°C 786.0 84.00 89.30
T.P. 99.0 1.93 98.00
F 1322.0 11.00 99.20
Sioz7 4602.0 81.00 98.23
S04~

809.0 19.95 97.50
Sludge Analysis
Sludge volume ml/L 215.00
Total weight g/L 105°C 31.20
Inorganic weight g/L 105°C ' 17.10

*Average of four results
** CTE: Chemically treated effluent
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D) Use of ferric chloride incombination with lime

From the Literature (8) , it is known that coagulation with the
trivalent metalic coagulant ( Fe3* ) can be carried out at two opti-
mum pH - values . One in the acidic side tends to range from 4 - 5,
" and the other falls in the alkaline range and extends from 8 - 10 .

Since the aim of this treatments is the removal of both fluoride
and phosphate in one step , coagulationWas carried out in the alka-
line side . Calcium oxide has been used to control the pH of the
wastewater 1o the desired value and the same time it acted as a
coagulant aid .The best removal values of fluoride and phosphate
were achieved pH ~ 8.5 , and with an average dose of 0.65 g/L
FeCls , 6H0 . Pendent on the perdetermined optimum conditions ,
complete analysis of the chemically treated effluent was carried out

(Table 7) .
Comparisons between the efficiency of the chemical

treatment using different coagulants

Chemical coagulation - sedimentation of washing water from
scrubbing towers achieved significant removals not only for fluoride
and phosphorous , but also for particulate matters . The results ob-
tained in Table (8) showed that the efficiency of using different co-
agulants are almost the same . Tle average removal values of fluo-
ride , phosphorous , and suspended solids were 90%, 98% and

96.7% respectively .
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Table (7) Average* results of the chemically treated effluent us-
ing ferric chloride (0.65 g/L) lime (19.23 g/L ) at optimum con-
ditions.

Parameters Samples
‘mg/L .
. : Raw CTE** %R

EC. x 103 (umho/cm) 19 1.95 89.70
TR 105°C 2963  1801.00 39.20

T.D.S 105°C 2178 1838.00 - 15.60

T.S.S 105°C 786 29.50 -96.20

T.P. 99 5.50 94.40

F ’ 1322 9.8 99.30

Si0, 4602 88.60 98.07
Sludge Anpalysis

Sludge volume ml/L 262.50

Total weight g/L 105°C 35.30

21.70

Inorganic weight g/L 550°C

*Average of four results
*% CTE: Chemically treated effluent
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Table ®) Efﬁcxency of chemical coagulation sedimentation using different coagulants

Parameters
"~ Coagulants ' pH value T.P F- TR S.S .
mgL %R mgl. %R mgL %R mgL %R
Raw wastewater : 99.00 - 132200 - 2963 - 78.0 - -
Lime 4 9.310.3 230 977 9.10 993 1775 40.1 193 975
(18.5g/L) o - .
Lime + NALCO -9.00 218 978 1472 98.8 1493 496 165 979
(18.5 g/L + 0.25 mg/L). | - o
~Lime + FeSQ,4.7H,0 864 193 981 11.00 99.2 2049 308 84.0 893
(19¢/L +0.76 g/L.)
Lime + FeCl3 .6H20 8.50 550 944 970 99.3 1801 392 295 96.2
(19.23 g/L + 0.65 g/L) , :

Table (9): Charactcnzauon of treated effluent after mixing with cooling water. from different de-
partments .

Paramenters TP F T.P S:S

mg/L '- 0.33 05 190.8 13.3
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CONCLUSION

. The selection of a recommended coagulam depends primarily on
its availability in the local market , simplicity of hahdling and opera-
tion , and its economical aspects . Also , the quantity and quality of
the sludge including the possibility of its reuse should be consid-

ered .

Among the above mentioned coagulants , lime is recommended
for the treatment of wastewater from the fertilizer plant under con-
sideration . The treated effluent can be discharged safely into the

sewerage network .

Moreover , the sludge produced after treatment was a huge
quantity to be disposed . Therefore , the possibility of its reused
with the phosphate are in the production of the phosphate fertilizer

was recommended .

In case of discharging the treated wastewater into surface water,
it should be subjected to further treatment to satisfy the National
regularity standards for wastewater disposal into surface water as
shown in Table (9) . These standards specified that , fluoride ,
phosphate and suspended solids in the final effluents should not ex-
ceed 0.5 mg/L, 1.0 mg/L , and 30 mg/L , respectively . Cooling wa-
ter is clean and should be reused .
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