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Abstract

This case study was developed in view of seuting up a demonstration project on “‘revealing the
profitability of clean technology in small-scale electroplating unit”’. The research was conducted
in a small-scale electroplating shop lecated in Bangkok. A set of simple in-plant control measures
such as dragout recovery, spray rinsing technique and rinse water agitation were implemented.
Quantitative data, obtained from the monitoring of wastewater before and after process modifica-
tions, have indicated a substantial reduction both in quantity and strength of wastewater generared.
Water consumption was reduced by approx. 35% of telal rinsing water, which is [9% of total
process water consumption. Average metal concentrations in wastewater was reduced 73% for
Cr-, 71% for Ni- and 54% for Cu-plating rinse water.
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1. Introduction

Electwroplating processes create a considerable amount of extremely toxic wastewater
containing heavy metals which require treatment. The most important toxic contami-
nants found in plating wastes are acids, cyanides and heavy metals such as chromjum,
zinc, copper, nickel and tin. Alkaline cleaning agents, grease and oil are also found in
these wastes [1].

Until very recenuly, the small- and medium-scale electroplating industries have been
the focus of increasing concem owing to their very significant contribution 1o the
deterioration of the environment. Amang their identified problems include unaffordable
capital and operating costs for pollution control [acilities, lack of trained personnel to
properly operate the system, and lack of sufficient space for such facilities.

With the advent, however, of shifting emphasis from end-of-pipe treatment to cleaner
production technologies, prospects for factory owners to substantially reduce their
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Fig. 1. Layout of the electroplating shop.

pollution loads is realizable by simply exploring various options ranging from wasie
minimization (o in-plant medifications, resource recovery and reuse and the like [2].

2. Status of the chosen research site

The selected plant is one among the many small electroplating shops in Bangkok,
dealing with Cr, Ni and Cu plating of metal parts, It is a family-owned shop and located
in North-Bangkok. The shop has ten workers. working 8 h a day within an area of aboul
4m>15m.

The electroplating shop has two conventiona] types of non-cyanide based, chrome
plating processes:

DullNi — BrightCu = Bright Ni
— Cr (for parts requiring more thickness, e.g., car bumpers)
BrightNi - Cr

This shop serves different kinds of clients to plate their materials and spare parts.
Most of the metal parts being electroplated are heater stands, car bumpers, exercise
machine parts, spare parts of motor cycles and furmiture parts. The layout of the
electroplating shop can be seen in Fig. 1.

During the process Lhe work pieces are washed directly under the tap. There are two
rinse tanks used for the whole operation system. Tank No. | is used for rinsing afier dull
Ni and bright Cu plating process and tank No. 2 is used for rinsing workpieces after the
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Tabic |

Composition of waslewater

Concentrahon (mg /1) Minimum Maximum Quantity (m? /day)
Cu®* 74 1100 0.2-1.3

Ccre* 50 2340 0.9-3

NiZt 10 2482 0.9-3

Ni plating process. Therefore, the wastewater contains mainly three components; Cr®*
in the form of Cr,03~ Ni?* and Cu®*, as shown in Table 1. The analysis of wastewater
from the shop showed a wide fluctuation in quantity and quality [3]. The wastewaler
samples were collected in separate plastic buckets. However, during the acwal process
operation, the tap is kept open continuously. Thus, more diluted wastewater can be
expected than in the analyzed data. In general, the whole process consumes about 3—35
m® per day of water. Al present, wastewater from this plant is simply discharged directly
to the nearby sewer system without any treatment.

3. Implementation of in-plant control measures

The initial in-plant control waste auditing revealed that this plant generates essentially
four types of wastewater, which originate from: (a) Cr plating; (b) Ni plating; {¢) Cu
plating and; (d) electroplating (alkaline) and acid cleaning. The major focus of the work
was on control and treatment of the first three metal bearing wastestreams. The last
wastestream which mainly contained suspended solids, acid and alkali. contributes 40%
of total wastewater generated at this plant. Therefore, considering its non-hazardous
nature and high volume, it seems o be more appropriale 1o be discharged directly to the
sewer aftler neutralization.

The layout of the electroplating shop with process modifications is presented in Fig.
2. The major otientation of this maodification can be summarized as follows:

(a) Wastewater segregation: Cr, Ni and Cu bearing wastewater were segregated and
collected separately [4,5]. These wastewalers were then treated and concentrated solu-
tions (Cr, Ni, Cu) were recovered for reuse or recycling. Four more buckets installed in
series at both taps 1 and 2 served the following purposes: (a) segregation of different
metal bearing wastewater, (b) reduction of rinse water consumption, and (¢} recovery of
drag-out solution.

(b} Control of positioning and withdrawal of work-pieces: The workers were asked 1o
orient parts s¢ that only a smail surface area came into contact with liguid surface as it
leaves the plaiing solution, as wel] as to hold the workpiece for sometime above the
plating bath afier emerging from the bath in order to reduce the volume of drag-out.

(c) Simple drag-out recovery: This was implemented by using a plastic bucket to
capture drips of plating solution as the workpieces were taken cut of the tank, before
rinsing. This bucket was used as a drag-oul tank at the same time in which the
workpieces were sprayed with a small amount of water before rinsing. The solution was
then retrned to replenish the plating bath.
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Fig. 2. Elecuoplating shop with process modification.

(d) Rinsing effectiveness: This was improved by using ‘spray rinsing technique’ (a
spray gun was installed at tap 1). Jet rinse with high velocity and small amount of water
was used, and spray effluent was trapped by the drag-out bucket to recover drag-out.
Fresh water was introduced at the bottom of rinse tanks by nozzles to provide “agitation”
during rinsing so as to improve the ringing effectiveness.

(e) Water consumption monitoring; Water meters were installed at both tap 1 and tap
2 for monitoring the water consumption.

4. Results of the implementation of in-plant control measures
4.1. Water consumption

Records of water consumption before and after the implementation of process
modifications are presented graphically in Figs. 3 and 4.

From Figs. 3 and 4, it can be seen that after the implementation of process
modifications, the water consumption recorded at tap { and the poriion used for rinsing
purpose at tap 2 has decreased considerably. {39.4% ai tap | and 34.6% for tap 2). The
total water consumption shows an average reduction of 18.7%. However, it was found
that there was no significant reduction in total water consumption at tap 2. This could be
explained by the fact that major porticn of water from tap 2 was used for washing and
cleaning of the workpieces. It was found that water used for cleaning purpose repre-
sented approx. 78.5% of water consumption at tap 2 and about 40% of the whole
process water used al both taps. As stated earlicr, the wastewater produced by this
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Fig. 3. Walcr consumption at tap 1.

cleaning process contains mainly suspended solids and has alkaline characteristics, In
this study it can be considered as a non-polluting stream because it dogs not contain any
heavy metal or toxic substances. After neutralizatiop it can be discharged direct to the
COMmaon Sewer,

4.2. Concentration of heauy metals in wastewater

The variation of concentration of heavy metals in wastewater generated before and
after process modification is itlustrated in Figs. 5 and 6.

From Fig. 5 it can be seen that chromium concentration in the wastewater generated
has decreased significantly after process modifications. There was about 73% reduction
in the average Cr concentration observed in the wastewater generated. Also, Fig. 6
indicates the decrease in Ni concentration in wastewater after process modification. The
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Fig. 4. Water consumption for rinsing at tap 2.
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Fig. 5. Cr concentration in wastewater,
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Fig. 6. Ni concentration in wastewater.

wastewaler reduction

cooe G BHer maddlL

Quantity reduced Cost/unit (Baht) Savings (I mon.; Balit}
Waiter reduction 15.6m’ 9B /m? 140.4
Reduction of 154 m?
wastewater = 157 B /ton 31714
requinng 20.2 ton
ueatment

25 Bahi=1 US$.



Table 3

Savings due 10 metal concentration reduction

Reduction of Reduction of Reduction in Amouni of Equivalent to Cos1,/unit " Savings per
pourback of concenltralion wastewaler material saved month {Baht}
dragout solulion  in waslewaler * generated (m?)

Cr®* reduction  720/5 mg /1 of Cré 22% + 15.6=343 4958 g Cr®* 4767 g of CrO, 950 B /kg of CrQ, S06

Ni?* reduction  445.8/5mg/l1of Ni*t  34% + 156=53 4726 g Ni?* 1130 g of NiSO,-7H, 0 3360 B /kg of NiSO,-7H,0 7594

Cu?* reduction  370.9/5mg/lof Cu**  12% * 15.6-1.87 1394 Cu?*  273.9 g of CuS0,-5H,0 550 B.kg of CuSQ,-5H,0 302

* Divided by a ditution factor of 5. The diluiion factor was introduced to compensate for continuous dilution of the aciual waste stream duc to open taps used for

rinsing and cleaning.
" Cost based on the pure chemicals of laboratory grade.

SEI=SEI(D66T) 91 Brijodda)y pum uonunNasue?y ‘Sadnosay / ubyIoubasiA ')
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average reduction in concentration was estimated ¢ be about 71.3% for Ni and 54.6%
for Cu.

From the results obtained after implementing the proposed process modifications it
can be realized that it was ‘not feasible to achieve a zero discharge’ of heavy metals
form electroplating operations. However, substantial reductions were possible in both
the volume and the metal concentration of wastewater. In addition, it was noted that
rinsing water bearing heavy metals and wastewater produced form cleaning process
before plating should be strictly segregated, since the cleaning water does not contain
any heavy metal, but only suspended solids, and it represented about 40% of total
plating process water. This could significantly reduce the cost of treatment of
waslestreams bearing toxic metals.

5. Cost evaluation
5.1, Saving due ro wasrewater reduction

Average water consumption:

417 m3/d % 20 d = 83.4 m*>/mon

=834 m® '* 1.3 ton/m’

= 108.4 ton/maon,

Water reduction:

18.7% * 83.4 m® = 15.6 m".

The estimation of savings due to the amount of wastewater are presented in Tables 2
and 3.

5.2. The total cost saving

The total cost saving due to water and wastewater reduction is:
(140.4 + 31744 4+ 906 + 7594 + 302) Baht = 12117 Baht per month

6. Summary

This case study was developed in view of seuting up a demonstration project on
“revealing the profitability of clean technology in small-scale electroplating unit’’. The
research was conducted in a small-scale electroplating shop, located in Bangkok. The
implementation of these simple in-plant control measures are demonstrated in a 30 min
video tape, copies of which can be obtained at cost from the Environmental Engineering
Program, AIT.

References

[1] Chiu, H.S.S., Tsang, K.L. and Lee, R.ML., 1987, Treatment of Electroplating Wastes. J. [nst. Water
Pollut. Control., 86(1) 12-19.



C. Vispanathan / Resources, Conservarion and Recveling 16 (1996) 135-143 143

[2] United Naltens Environmenl Program /lndusiry and Environmeni Office, 1989. Environmental Aspecis of
the Meta) Finishing Industry: A Technical Guide, Technical Repori Series No. |.

[3] APHA, AWWA, WPCF, 1939, Standard Methods for the Examination of Waier and Wastewater, 17th
edn., American Public Health Association, Washington, USA.

[4] Wasen, M.R., 1973, Pollution Control in Metal Finishing, Noyes Data Corporation, NJ.

15] De Renzo, D.J., 1981. Pollution Control Technology for Industrial Waslewater. Pollution Technology
Review No. 80.



