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Abstract—A scheme is proposed for purification of wastewater of galvanic and printed circuit board shops.
The scheme using reverse osmosis, ion exchange, and electrolysis techniques involves recycling of purified

water and recovered metals.

Contamination of natural water with sewage wa

ter of galvanic industries is an ecological challenge| Technological | | Technological | | Washing |, | Fresh

Discharge of this wastewater, containing highly toxid__solutions baths baths water

salts of heavy and non-ferrous metals, has a severe v v

impact on the environment and leads to irretrievable Spent Washing

loss of valuable metals in amounts of tens of thou- solutions water

sands of tons.
The discharge of metals into water bodies of St. Pe-  |_Reagents |—»| Wastewater purification |

tersburg was 3310.53 tons in 1999 [1]. The decline

in galvanic manufacture in the succeeding years did | Discharge | | Sludge |

not result in a proportional decrease in the environ-

ment contamination. Scheme of water use in degreasing, etching, and electro-
Most of domestic galvanic enterprises make use o@latmg'

outdated wastewater treatment facilities of-80- Owing to the absence of water recycling, most

years-old conventional design. These bulky and costf domestic galvanic plants consume fresh water in
inefficient facilities fail to meet modern requirementsamounts of 2 m and more per 1 fmof treated sur-

to water recycling and heavy metal recovery. An esface area, whereas in Sweden the same parameter is
sential drawback of such systems is the formation 08.05 n¥ m™=. A promising engineering solution of

a common wastewater flow including waste electhe problem under discussion consists in passing at
trolytes, acidic and basic wastes, and rinsing wategalvanic shops to local purification systems recycl-
(see scheme). Mixing of wastes containing differening purified wastewater and recovering heavy met-
ions in various concentrations hampers extraction adls. Local systems are intended for purification of
pollutants, and the mixed flow cannot be recycledvastewater with relatively invariable composition,
even after reagent purification [2]. Purified wastewateproduced by a certain technological line or separate
is discharged into a sewer system or directly into anstallation, which allows use of compact purify-
water body. Sediments formed in wastewater puring systems based on more effective and expensive
ification, i.e., sludges containing a combination ofpurification techniques. The recoupment of such sys-
various heavy metal compounds, are transported tems can be ensured by reduction of charges for the
sludge stores, wherefrom these compounds are gradatake of pure water and disposal of wastewater and
ally washed out by ground waters and, all the samesludges. Moreover, wastewater produced by a par-
find their way into the environment. Sludge processticular technological line or separate installation usu-
ing is technologically complicated and economicallyally contains ions of a single metal, rather than a
inefficient. mixture of metal ions, which significantly simplifies
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its purification and creates new possibilities for furtherTable 1. Relative costs of purification of nickel-contain-
use of the recovered metals. ing the washing waters by various methods and the at-

- ... .. tained degree of purification
There are several efficient methods of purification, 9 P

namely: adsorption and ion exchange-42 isola- Rel- | Residual concentration, mgt
tion of impurities by changing their aggregative state  \ethod ative
(distillation and freezing) [1, 2], and membrane tech- cost | Ni(ll) organic substances

niques (electrodialysis, ultrafiltration, and reverse
osmosis) [2, 59]. Comparative data [1] on capital jon exchange 1 0.008 -

investments and degree of nickel(ll) removal fromReverse osmosis2-3 0.05 1.2
washing water are given in Table 1. The consumptiofElectrolysis 3-4 0.3 -
of washing water was 0.2 4%, and the initial con- Electrodialysis |5-10| 0.55 6.7
centrations of Ni(ll) and organic compounds, 32 and:=vaporation 8-12| 0.1 4.1

54 mg '}, respectively. The cost of wastewater pur-

ification by ion exchange was conditionally taken to ) o )
be unity. Table 2. Reverse-osmosis purification of local washing
_ _ water discharges
Naturally, the relative costs and residual concen

trations may vary with discharge parameters. Source Cym, mgt!l | Selec-
of Metal tiv- H
EXPERIMENTAL washing | ion | initial | fi- | ity, | P
water solution | trate %

The aim of this work was to study the possibility
of, and conditions for creation of a low-waste tech-Acid etch- | Cu(ll) | 140 | 022 | 984 |7.8
nology for purification of wastewater produced bying line _
galvanic industry and printed circuit board manufacNickel | Ni(ll) 102 | 044 | 95.7 | 7.05
ture. plating line

Chromium |Cr(Vl) | 18.0 1.6 91.1 |5.6

The proposed purification scheme involves use oplating line
reverse osmosis for washing water purification, iornzinc Zn(ll) 13.0 0.1 99.2 | 7.0
exchange for concentrating metal ion solutions, angdlating line
electrochemical methods for metal recovery from con

centrates of washing water and spent technological . _
solutions. Comparative tests of the most widespread cellu-

) o lose acetate membranes MGA-70, MGA-80, MGA-90,

The ac_zlvantages of reverse osmosis consist mjhghd MGA-100 demonstrated that MGA-100 mem-
no chemical reagents are required, the installationgyanes are the most effective under the test conditions,
are compact, and water can be purified to remov@ng these membranes were used in further studies.

impurities of varied nature. The possibility was established of purifiyng washing

Membranes used for reverse-osmosis purificatiof/aer containing various metal ions (Table 2). In
retain any particles larger than 0.0@in: inorganic 2!l the experiments, the selectivity of a membrane,
ions, molecules of organic substances, and colloigharacterizing its separating ability, exceeded 90%,

particles. This leads to a high degree of purificatiornd the low residual content of metal ions in filtrates

and water becomes suitable for recycling. allowed their recycling as washing water.
Among disadvantages of reverse osmosis are the 3

possibility of precipitate formation on membranes ow- 131 ) ][

ing to the concentration polarization and the resulting II> :>

necessity for periodic regeneration of the membranes.

We determined the most favorable conditions of
reverse-osmosis purification of washing water of gal- @
vanic shop on a pilot installation comprising filters
for rough and fine mechanical pre-purification and schematic of a reverse-osmosis elemettwastewater in-
a reverse-osmosis apparatus with roll elements (seeput, () reverse-osmosis apparatus3) (membrane, 4)
figure). purified filtrate, G) concentrate.
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The experiments demonstrated that the residual For example, a triple sorption of copper(ll) ions
content of metal ion in the filtrateCyn+, is in in- on a KB-4P-2 cationite, following equations {{4),
verse relationship with the effluent concentrate fracallowed us to raise the copper(ll) concentration in
tion—the ratio of the concentrate volume to the vol-the cationite matrix to 10 mg-equivjor 320 mg g*
ume of washing water to be purified. In most cases(in terms of dry cationite) [10].

this fraction was maintained at a level of-1%%. : .
At a comparatively small (in terms of volume or

Our study of the efficiency and selectivity of mem- weight) required of amount ionites, it may be expedi-
branes in relation to reverse-osmosis purification deent to use relatively expensive new-generation ion-ex-
termined the following optimal parameters: pressurghange resins. These resins have high exchange ca-
2.0-2.5 MPa, velocity of purified water flow along pacity, good kinetic characteristics, and granules of
membrane 0.81.2 m §*, water temperature 127°C.  uniform size; the last factor ensures low hydraulic
In this case the degree of purification to remove saltgesistance of an ionite layer in filtration.

of heavy metals is no less than 90%, and the extent ,
of recycling of purified water, no less than 90%. 10 recover metal ions from concentrates formed

_ o in purification by reverse osmosis and ion-exchange
Comparative tests of the efficiency of membraneand containing about 44.5 g ! of metal ions, we
regeneration with solutions of oxalic, citric, and malicysed direct electrolysis on installations equipped with
acids allow us to recommend a 2% solution Of. Oxall('.‘rneta| cathodes and graphite anodes. Discharge of
acid for practical use. A complete restoration ofmetal ions (Cu, Ni, Zn, or Cr) and deposition of a me-
the initial properties of membranes can be achieved 5] occurred on the metal cathode. The current ef-

regeneration with this solution is carried out Oncq’iciency by metal was determined by gravimetry_
a month.
The experiments demonstrated that use of cathodes

In most cases, more effective isolation of metal§yith smooth surface at a cathode current density of
from concentrates obtained in reverse-osmosis pury3 1 5 A dni? allows recovery of up to 8®5% of
fication can be performed if t?e concentration of Metyetals at current efficiency of 380%. In this case,
al ions is no less than-4.0 g I"". In this case, concen- he specific energy consumption for metal recovery is
tration can be carried out in the second stage of a rer g kw h kg,
verse-osmosis installation or on an ion-exchange in-
stallation. With bulk flow-type complex-shape cathodes, the

current density can be decreased to 6@3 A dnT?,

Heavy metal ions can be recovered from primary;w, the degree of metal recovery of @B% and
concentrates using various types of ion-exchanggrrent efficiency of 5080%.

resins. We have shown previously [10] that carboxyl-
ic cation-exchange resins in Na form are extremely Metals deposited at the cathode had relatively high
selective in sorption of copper(ll) and other metal iongpurity (up to 99.5%), and, therefore, could be used
forming sparingly soluble hydroxides in hydrolysis. If as soluble anodes in metal plating.
hydroxides or basic salts of the metals being extracted
are poorly soluble in alkalis, they can be accumulate%0
in a cationite phase in amounts exceeding severalfol ; : o ;
the exchange capacity in a single sorption by treating‘)'ys's with cooled titanium cathodes and graphite
a cationite alternately with primary concentrates con@nodes at 4815°C, current density of 9811 A dm™,
taining ions of a metal to be extracted and with alkal2nd rate of spent solution supply ofED I min™.
solutions. In this case, cathode deposition of copper and an-
ode recovery of etching reagent occur simultaneously.
2R-COONa + Cd* = (R-COO)Cu + 2N&, (1) The productivity of copper recovery was 3 kgh
at a current efficiency of 85%.

Spent etching solutions formed in printed circuit
ard manufacture can be recovered by direct elec-

(R-COO)Cu + 2NaOH = 2RCOONa- Cu(OH), (2) ) o
The results of the investigations performed allowed

2R-COONa- Cu(OH), + Cu?* us to design an automated compact (required area of
. 95 n?) installation for physicochemical purification
= (R-COO)Cu- Cu(OH), + 2Nd, (3)  of wastewater containing heavy metals.

(R-COOLCU - Cu(OH), + 2NaOH 1 The project will be implemented at the galvanic shop of
= 2R-COONa- 2Cu(OH), 4) Krasnoe znamya plant (Ryazan).
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CONCLUSIONS

(1) Conditions were found for the effective joint

1705

4. Kazakov, E.V. and Pekarskii, L.DRromyshlennost’

use of reverse osmosis, ion exchange, and electrolysis
for deep purification of wastewater containing heavy

metal ions and for recovery of these metals.

(2) A low-waste technology for purification of

wastewater of galvanic industry and printed circuit 5
board manufacture, assuming recycling of purified

water and recovered metals, was proposed for prac-
6. Naidenko, V.V., Bednova, L.l.,, Erekhinskii, A.V.,

tical implementation.
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