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ABSTRACT

Industrial  waste  water samples were collected from the
drains of mvo factories, Egyprian Company for Plastic Industries
and Batteries Production and El-Beda Dyers Company. The waste
water  qualin®  were  determined. Cementarion  reactions were
Jollowed on  filiered samples under reaction conditions 700 rpm,
40°C. 7 hour reaction period and exposed surface area of Zn
cylinder weve 4713 cnr’. 49.76 cm’ for the two samples of the
mwo siations respectively.  Cementation reaction rate of Cu™? and
Pb™? in each sample were estimated where. 94.5% of copper and
96.5% of lead were recovered from the waste water of the
Egyprian  Company  for  Plastics  Industries  and  Batteries
Production and 88.7% of copper and 82% of lead were
recovered from El-Beda Dyers Company.

INTRODUCTION

Cementation is used as a general term to describe the process
whereby a metal is precipitated from a soluton of its salts by another
more electropositive metal. Such reactons have been and are being, used
extensively in the munerals industry, both for the recovery of values (eg.
the extraction of copper from leach streams with 1ron [Rickard, and
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Fuerstenau 1968] or gold recovery from cyanide leach solution [Nicol,
et al, 1979] also for copper recovery from cyamd liquors [Hsu, et al,
1998; Kakovski., ef al, 1967] ) and for the punficaion of process
streams (e.g. the removal and recovery of copper and cadmium from
zinc sulfate electrolyte with metallic Zn). The metal used need not to
be of highest punitv. On the other hand, when metals such as copper
are treated they are converied into essentially pure metal powders so that
cementation 1s one of the most effective and economuc techniques for
recovering toxic and/or valuable metals from industnal waste soiution |
Shcherbakov and Kakovskn 1967 Lo, and Yu 1992: Guerra and Dreisinger,
1999]. All authors have reported that the cementation reactions take place
under diffusion controlled mechanism at room temperature [Ravindea and
Milton, 1967, Strickland and Lawson, 1970, Maklufi, e al, 1997,
Makhloufi, et al, 1998, Mishra and Paramguru, 1999, Shaltout 1999,
Joon, et al, 2000, Nosier and Sallam 2000, Ismail, efal, 2001].

Industrial waste water samples were collected from the drams of two
factonies, Egyptnan Company for Plasuic Industries and Battenes
Production and Ei-Beda Dvers Company. These industnes discharge their
wastes mnto Abu keir drain, which in tum disposed off its water nto the sea at
Abu-keir bay. wvia El-Tabia pumping stanon causes pollution of the bay and
affect the aquatic environment and fishes.

The aim of this work is to estimate the heavy metals Cu™ and Pb™*
concentrations and estimates the efficiency of cementation reaction method
as a treatment method for removing heavy metals from industnal waste
water electrochemically without using any external chemicals. Water
quality of the collected industrial waste water samples from the two
factories was also measured.

MATERIALS AND METHODS

Waste water samples were collected from the drains of Egyptian
Company for Plastic Industnies and Batteries producton and El- Beda
Dyers Company. The water quality of these samples was measured. pH,
was determined immediately after collection using a portable glass electrode pH
meter (type: water test, HANAA instrument, Italy) accurate to 0.1 pH.
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carbonate and bicarbonate, both were determined immediately after collection
of the samples volumetrically accordng to (APHA, 1981) using
phenolphthalein and methyl orange indicators, and standard 0.02 N H,SO, |,
chlorsity, was determined according to Mohr's Method  (APHA, 1981),
suspended  matter  was determined gravimetrically according to  (APHA,
1981), organic matter was determined by back titratton using 0.01 N Na,S,0;
standard and starch indicator according to (APHA, 1981). Determination of
mnorganic phosphate with an acidified molybdate reagent to yield a
phosphomolybdate complex, which is then reduced to a colored blue compound
the method used in this study was described by (Grassoff,1976). The
determuned heavy metals Cu, Pb, Cd, Ni, Cr, Zn, Fe, Mn, were preconcentrated
using digestion with concentrated mitric acid according to standard method
(APHA, 1981) and then their concentraon were measured using flame Atomic
Absormption Spectroscopy.

The cementation method for industnal waste water treatment was
applied to these collected samples in order to decrease concentrations of
copper and lead and other existed heavy metals in both samples. The
block diagram of the apparatus that was used in this method as shown
in Figure (1) which permits the rotaton of clamping Zinc cylinder
assembly arranged such that onlv the penpheral surface of pure Zinc was
put i one liter vessel solution. The cylinder was rotated i experimental
solution with variable speed motor. The frequency of rotation recorded as
revolution per second was counted by an opucal tachometer. The reaction
vessel was set in a constant = 0.05 ultratheromostat.

RESULTS AND DISCUSSIONS

Samples from two different water areas were collected, Egyptian
Company for Plasic Industries and Battenes production and El Beda
Dyers Company.

1-Egyptian Company for Plastic Industries and Batteries Production :
There are two mamn industries in this company, plastic mdusities and
battenes production. The production of batteries requires the use of lead
for the plates used within the battenies, the plates may be either newly
made or produced from used battenies. The wastes were generated in the
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4—— Cu So" Solution

Fig. (1): Diagram of apparatus used in cementation reaction.

plate forming areas and where the batteries were cleaned and filled
Wastes were acidic. highly corrosive due to the use of sulfuric aad,
highly turbid and nch i heavw metals especially Pb as PbSO; in the
ionic form. Sampling was chosen to be a representative for the partally
treated waste water of batteries production unit.

Water  charactenstics of collected samples were measured and
llustrated m Table (1-a, b). It was found that pH and alkalinity values
were very low with an average of 1.55 and 7296 mg CO;° I
respectively. This 1s attributed to the use of high quantity of H.SO,
batteries production for washing lead plates and for batteries cleaning and
filing. It was also found that suspended and organic matter content were
high with an average of 11.82 g 17 and 10.63 mgO. I’ respectively.
Chlorosity was recorded as 137.13 mg CI'I' and low value of phosphate
0.13ugmoll’ was also recorded. Heavy metals concentrations values were
2.46 ppm, 7.53 ppm, 0.07 ppm, 1.62 ppm, 0.02 ppm, 0.003 ppm, 0.02 ppm
and 0.01 for Cu, Pb, Zn, Fe, Mn, Cd, Cr and Ni respectively.
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Table (1): Water characteristics of samples of industrial waste water from

Station 1: Egvptian Company for Plastucs Industnies and Battenes production
Station 2: El-Beda Dvers Company

a) Water quality of station (1) and station (2)

Alkalinity | Suspended | Organic | Chlorosity  Phosphate
Station | pH imatter matter “
mgCO;1" | oI mg0: 1" | mgCI I’ poatpt?
|
] 1.55 7296 | 1182 10.63 137.13 013
2 1138 336350 | 037 16.79 583.80 33.36

b) Heavy metal ions concentrations (ppm) in station (1) and station (2)

', § ; ( \ 1 ‘ J

| | I R - |

' Station | Cu™ i Pb? ; Zn™ | Fe" Mn? | Cd™ ‘, Cr ‘ Ni"2
I, 246 | 733 007, 162 | 002 | 0003 | 002 | 00l
2 f204 | 245 0008, 031 | 00l 10001 | 012 | 003

Cementation reactions were followed on filtered sample that contained
2456 ppm Cu™™ and 7.530 ppm Pb™". Data were represented in table (2)
and graphically in figure (2). The cementation reaction rates of Cu™” and
Pb™" were estimated from the relation between log Co/C for Cu™ or Pb™> with
ume as shown in figures (3.4) according to the eguation log Co/C = KAV
2.303

Where A: exposed zinc surface area (sz)
V: The volume of the solution recovered (ml).
Co: intional Cu"* or Pb™ concentration (ppm).
C: Cu*or Pb™ concentration at time t (ppm).
K: mass transfer coefficient

The concentrations of Cr, Cd and Ni ions at the end of cementation

reaction were measured, while other metal Zn and Fe would not
participate in this reaction. The reason for Zn is that the used rode was
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made from Zn metal and for Fe 1s that Fe metal 1s before Zn metal in
the electrochermucal senies. The reaction conditions were 700 mpm, 40°C
and 7 hour reaction period The exposed surface area of Zn cylinder was
4713 cm”

Applying cementation reaction decreased Cu” and Pb™ concentrations
gradually. After 1 hour, the Cu~ and Pb” concentration in reacting
solution would be 1.64 ppm and 4.69 ppm respectively ie. Cu’”
concentration decreased by 33% and Pb™ concentration by 37.6% while
affer 2 hour they became 1072 ppm and 2830 ppm respectively, then
after 4 hour they were found to be 0.437 ppm Cu™ and 1.127 ppm Pb™,
Le. about 82% of initial Cu” concentrations and 85% of initial Pb~
concentrations are recovered. As shown from table (2) at the end of the
experiment it was found 0.138 ppm and 0.283 ppm for Cu® and Pb™*
respectively ie. about 94.5% Cu'? and 96.5% Pb™? are recovered from
the waste water drans  of batteries Company. These results from
invironmental impact could be considered satisfied because the remaining
heavy metals concentrations were present m trace amount when they were
diluted more and more before dumped to the aquatic environment. The
cementation reaction rate for each Cu” and Pb® were estimated and the
mass transfer coefficient 1s then calculated from Fig. (3,4) this was found
to be Kc,=2.443 X 107 sec” and Kp,=2.852 X 107 sec.”

Table (2): The percentage recovered of Cu*? and Pb™ through cementation
reaction within time for sample from station (1).

Cu™* Pb™*
Time Conc. % Cu™? Time Conc. ‘ % Pb*?
Min. Ppm recovered min. ppm ‘ recovered
|

Zero 2.456 | Zero Zero 7.530 Zero
60 1.642 33.0 60 4.696 376
120 1.072 56.4 120 2.830 62.4
180 0.777 68.4 180 1.786 76.3
240 0.437 82.0 240 1.127 85.0
300 0.309 87.4 300 0.671 91.1
360 0.184 925 360 0414 94.5
420 0.138 94.5 420 0.283 96.5
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Fig. (2): The relation between log Co/C and time for Cu™" and
Pb"" in sample from station 1 at 40°C and rpm = 700
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Fig. (3): The relation between the concentration and time for
Cu™ in samples from station 1 and station II
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On the other hand other heaw metals present in the reactng solution
Cr, Ni and Cd were also cemented on Zn cylinder during reaction
because they are more electronegative than Zinc. It was found that their
concentration at the end of the experiment were reduced to 0.008 ppm
for Cr 1e about 60% of itial Cr was extracted, 0.009 ppm for Ni ie
about 10 % of mitial Ni was extracted and 0.001 ppm for Cd 1.e about
33.3% of mnal Cd was extracted.

2- El-Beida Dyers Company:

It 1s considered as one of the largest industries for cotton textile
finshing, and wool texnle producton i the middle east. The plant
produces about 143 million meter of dved and printed yams and fabrics,
as well as 600 ton of scoured and svpum wool yamn. about 1500 ton of
this amount are dved The plant 1s divided into three factories, cotton
fimshing factory, wool textile producton factory and the svnthetic fibers
factory. Sample was chosen to be a representative for mixed wastes of
final parnally treated waste water effluent resuling from the prmary
fimshing process including (desizng. scouring bleaching, and sounng
steps of the fabnc ) with the waste water from dvemng and printing
processes, also with the alkaline wastes from the sodium hydroxide
recoverv umte. Dving process 1s a mamn source for lhighly metal
concentranon in the discharged waste water, 1ts wastes mignt contain
metals such as Pb, Cu, Fe, Cr. Co, N1

Waste water characteristics are given in Table (1, a-b). High pH value
of the waste water 11.38, could be attributed to two reasons a) the
alkaline wastes from the sodium hydroxide recovery unite and b) using
of alkalne NaOH soluton in prnimary finishing process unite, SO
alkalinity is found to be very high 556.50 mg CO:” I". Chlorosity showed
values of 583.80 mgCl 1", oxidizable organic matter was found to be
16.79 mgO, I', and small amount suspended matter 0.57 g’ was
determined. The high content of inorganic phosphate 33.56 ugmoll”, may
be caused by two factors; the first 1s the removal of dissolved oxygen by
active decomposition of organic matter which release the soluble
phosphate and the second may be attributed to the fact that dye contain
phosphorous compounds causing this verv high value.
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Heavy metal concentrations in the discharged waste water of El-Beida
Dyers Company were found to be 2.04ppm Cu~, 2.45ppm Pb, 0.08ppm
Zn, 0.51ppm iron, 0.01ppm Mn, 0.001ppm Cd, 0.12ppm Cr and 0.05ppm Ni..

Cementation reaction 1s appled on filtered sample that contains 204
ppm Cu™ and 245 ppm Pb ™. The cementation reaction rates of Cu™ and
Pb™” is estimated and the concentrations of Cr, Cd and Ni at the end
of cementation reaction were measured. The reaction conditions were 700
mpm, 40°C and 7 hour reaction period The exposed surface area of Zn
cylinder were 47.13 cm”.

By following cementation reaction on the filtered sample the gradual
decrease in Cu” and Pb™ concentrations with the time is represented in table
(3) and Fig. (5). After 1 hour the concentrations decreased by 29.2% and
20.5% for Cu” and Pb ™ respectively and after 4 hour the recovery of
Cu” and Pb~ were recorded to be 76.3% and 62.4%, while at the end
of the reaction they become 0229 ppm and 0359 ppm ie. 88.7% of
mitial Cu™® concentraton and 82% of initial Pb™ concentration are
completely recovered at the end of the expenment as shown in Table
(3). Mass transfer coefficient was found to be K¢, = 1.882 X 107 sec’
and Kpy = 1362 X 107 sec’ as indicated from Figs . (3 & 4) which
represented the relation between log Co/C for Cu " and Pb” against time.

It was also noticed that Cr. NI metal 10ons concentrations were
reduced at the end of experiment up to 0,098 1e about 183% of ininal
Cr was extracted and 0034 1e about 32% of mhal Cr was extracted,
while Cd metal concentration may be completely treated since there was
no any evident for any Cd present.

It was observed that the cementation reaction rate of copper In
filtered sample from Egyptian Company for Plastics Industnes and
Battenies Production were higher than that from El-Beda Dyers Company
although both of them have the same initial Cu™ contained is may be
attributed to the difference in pH values since sample from Egyptian
Company for Plastic Industries and Batteries Production is highly acidic
(pH=1.55) while sample from El-Beda Dyers Company is highly alkaline
(pH=11.38) [Hanaa, 1998] since Cu™” removals by cementation reaction
increases by decreasing pH.
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Table (3): The percentage recovered of Cu™ and Pb*? through
cementation reaction within time for sample from station (2).

Cu*? Pb*

Time Conc. | % Cu™ Time Conc. % Pb*?
min. ppm recovered min. Ppm recovered
Zero 2.037 Zero Zero 2.45 Zero
60 {1442 29.2 60 1.946 20.5
120 | 1.145 43 8 120 1.5371 359
180 0.765 62.4 180 1.057 57.0
240 . 0.4853 76.3 i 240 0.921 62.4
300 | 033 83.8 300 0.691 71.8
360 | 0.304 85.1 360 0.615 74.9
420 0.229 88.7 420 0.441 82.0 i

It could be concluded that, cementanon process could be applied to the
industrial waste water before discharging to the manne environment either n
the factories treatment units or in the waste water treatment plant (such as El-
Tabia Pumping station). It can be also concluded that more better, efficient
and faster results for complete recovery of heavy metals that are more
electronegative than Zn could be obtaned by applying more rotational
speed of Zinc cylinder, larger exposed Zinc surface area, lowering pH
value and raising temperature up to 40° C.
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Fig. (4): The relation between the concentration and time
for Pb™ in samples from station ! and station II.
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Fig. (5): The relation between the concentration and time
for Pb™ in samples from station 1 and station II.
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