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I. EXPLANATORY NOTES

The value of the Korean currency at the time of this mission was
865 Won per US$.

Units of measure used in this report and not SI-sanctioned are

) h

» B & p

for hour atomic or ion-weight
YRl = valency

for day

for veek 1 val = 1000 mval

for month
for year

All other units used correspond to the SI-regulations.




II.! ABSTRACT
AN

Under the title 'Expert in Waste Water Treatment', Project-No.
DP/ROK/82/030/A/11-53/31.8.F, assistance was provided in the
treatment of waste water from the surface finishing industry
to’ the Surface Treatment Centre of KIMM Korea Institute of Ma-
chinery and Metals, Chang-Won/Masan, ROK. The special requirements
of this mission were to review the Centre's programme and capability
in waste water treatment, to suggest a research programme and to
train the Centre's staff accordingly, to support the Centre in
establishing contacts to institutes and organizations abroad and
to present paps3rs to the Centre's staff and industrial environ-
ment control enéineers. The duration was one month.

In the Surface Treatment Centre up to know there existed no spe-
cial waste wvater treatment programme and corresponding equipment
and facilities; however, very good staff capability was found.

The Pollution Control Group of KIMM has great experience in the
general waste water field and strong influence on the development
of Wwa<te water handling and technique in Korea, but not the neces-
sary extensive knowledge of surface finishing. KIMM!'s Chemical Ana-
lysis Laboratory covers excellently the requirements of waste water
analysing.

During the mission a basic introduction and staff training was pro-
vided; it was concentrated on the development of a waste water
treatment scheme and plant design of the Bu-Chan industrial com-
Plex near Seoul consistingof seven plating shops. This training
represented the main activaity of the mission and provided a de-
tailed knowledge of working method, calculation formula, various
treatment techniques, chemical reactions and flow-rinsing circuit
via ion-exchangers. In addition two field visits were paid and

two papers prepared and presented.

The main result of this mission is the recommendation to build up
the Wasto Water Section within the Surface Treatment Centre without
delay, to set up a work programme and to gain further knowledge and
practical experience by intensive and organized education, field
visits, collecting industrial problenxs and finally starting research
work and support to industry in H»ne to two years time.
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IIY. INTRODUCTION

In order to support and sustain further indust-rial growth and to

promoie measures to increase the marketability of Korean surface-

treated products a Surface Treatment Centre was established at
KIMM Korean Institute of Machinery and Metals in Chang-Win within
the frame of a four years' Government Project supported by UNIDO.
One major function of the Surface Treatment Centre is to deal with

the problems of waste water treatment and discharge by research

work, assisting individual industries by solving specific problems,
acting as an information centre and cooperating with institutes

and manufacturing industries associated with waste water treatment

technologies.

\'{‘h@ purpose of the mission which produced this report was

——

- to review the Centre's programme an capability in waste

water tireatment,

- to suggest a research programme and to train the Centre's
staff in the field of waste water treatment and discharge,
- to support the Centre in establishing contacts to institutes

and organizations abroad,

- to present seminars to the Centre's staff and industrial

environment covtrol engineers.

The mission started at 15 April 1985 and ended at 14 May 1985.
Although its total duration was one month ( i. e. 26 workiny
da.ys) after reduction of breifing and debriefing as weil as tra-
velling time only three weeks were available for the actual work.
The time for preparing this report (four days) was spent extra
to the one monta duration. In detail the time distribution on

the various sudactivities was as follows:

Introduction into KIMM 1 day 3,8 %
Programme and cabability

review 2 days T,7 %

Staff training 8 days 30,7 %

Field visits incl. report 1,5 days 5,8 %
Seminar preparation and pre-

sentation 4 days 15,4 %

Contact establishing 0,5 days 1,9.%
Total sub .ctivities 17  days 65,3 % (to be

cont'd)



Total subactivities 17 days 65,3 %
Briefing, debriefing, travel-

ling 9 days 34,7 %
Total working time 26 days 100,0 %

A R R R SRS RANESRESISI TSI ES I TR RIS SRR

RECOMMENDATION: In the case of further missions it should be
carefully consicered whether it is efficient to restrict tkeir
daration just to one month; the minimun duration should be

six weeks up to two months.

Tt s original objectives of the mission could be attained except
in the cases of staft training and research programme suggestion.
Until tiu‘.s activity the entre's staff did not have any know-
ledge and practical experience in waste water treatment and
discharge, so that the main activity had to deal with a basic
and fundamental staff training. Further theoretical and praxis
training is necessary before the basis for efficient and success-
ful research work will be available.

In accordance to Dr. Kwon's special conception the staff training
itself was councentrated on the development of a conceptual design
of a waste water treatment scheme anu plant of an “‘ndustrial com-
plex of seven plating shops., This type of training could provide
a maximum of practical working experiance and theoretical back-
ground information within the given time.
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IV. REVIEW OF WORK PROGRAMME,
FACILITIES, EQUIPMENT AND
STAFF CAPABILITY

A. Work programme

In the field of waste water treatment the major functions of the
Surface Treatment Centre are basically fixed to

- deal with probhlems by research,

— assist industry o5y solving problems,

- act as an information centre,

- cooperate with institutes and manufacturing
industries,

but there is no detaile l programme how to realize tkese intentions.

B. Facilities and equipment

Next page 9 shows the organization which the Suirface Treatment
Centre is imbedded in; the graph was taken from the Government
Project Document (Title: Surface Treatment Centre) and supple-

mented during this mission.

Within the Technical Supervision Department there is a section
"Pollution Control", whick Mr. Kwon Young-Bae (not Dr. Ewon Sik-
Chol, kead of tne Surface Treatment Centre!) is in charge of.

Je is supported by Mr. Kim. Their field >f activity is air- and
water-pollution control, and so to some extent they also deal with
waste water in the surface treatment industry. In addition

Mr. Kwon is a member of the "Suggestion and Control Committee

of the Korea Environment Office®™, which works independantly on
any ministry and amongst others controls every environment pro-
tection investment and installation in Korea; it decides whkether
or whether not the investmer and installation proposed will be
realized. Furthermore Mr. Kim is in charge of the waste water
treatment plant going to »e installed with KIMM. So in the Pol-
lution Control Group therye exists a great experience in the ge+
neral waste water field combined with strong influernce on the
present and future development of waste water handling in Korea.
However, a necessary knowledge about surface treatment and a
specialization on the treatment of waste water from the surface
treatmont industry is not available,
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Mr. Kwon is also head of the Chemical Analysis Laboratory, which
Mr. Kim also belongs to. There already waste water analysises in
accordance to Korean standards are carried out. The laboratory

is very well equipped (amongst others with Atomadsorption-Spec-
tografy, Spectrofotometer, BOD-Incubator, COD-Analyzer, 0il-Con-
tent-Analyzer); it would be worth to purchase in addition just
equipment for COD=single-probe-analysics, a portable laboratory-
fotometer as well as handtest-sets for quick waste water amalysis
both in the laboratory and in the industry and finally an Imhoff-
Cone for sludge-determination. As a result of this situationm it
can be szid that the amalytical side of waste water treatment and
control is excellently covered by the Chemical Analysis Labora-~
tory.

The Surface Treatment Centre itself does not yet have any faci-
lity and equipment for handling waste water problems and carry-
ing out corresponding research work.

On the engineering side generally there are no facilities and
equipment with KIMM except the new waste wavner treatment plant
which possibly also could be used for pilot plant and testing
work.

C. Staff capability

The staff of the Surface Treatment Centre consists of Dr. Kwon,
nine graduated people and two technicians. Dr. Joe Edwards re-
port (DP/ROK/82/030/A/17-52/31.8.F) describes in detail the ca-
pability of seven graduates; since that time two further fellows
joined the Centre:

- Mr, Baek Un-Sung. He obtained the M. Sc. degree in material
sciences and is in charge of Chemical Vapour Deposition.

-~ Mr. Lee Keon-Hwan. He obtained the B. Sc. degree (the M. Sc.
degree is expected in the near future) in material sciences
and I3 in charge of Ion-Plating.

None of the Centre's staff has even basic knowledge and practical

experience of waste water treatment and discharge.

Vaste water problems are mainly chemical and less engineering
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problems; in addition surface treatment engineersrs are generally
better trained on the engineering side than on the chemical side,
so that most engincering problems in waste water plants they are
able to solve withoit extern support. So prublem solving, resea.-ch
work and assistance to and information of the surface treatment
industry preferably will happen on the chemical side, and it is
un absolute condition that a waste water specialist must have
exceilent knowiedge and practical experience in chemistry and
analysis of beth surface and waste water treatment. On the engi-
neering side he needs at least some basic, but not necessarily

a detailed knowledge.

Thesz recuirements direct to the necessity that a waste water
specialist mast be a surface treatment specialist and be assigned
to the Surf-ce Treatment Centre, Considering the education and
experience of the Centre's staff Mr., Ro Byong-Ho fullfills the
requirements at most; he is the only man with a broad surface
treatment knowledge. He comes from Taegu ar<d obtainecd the B, Sc.
degree in Chemical Eangineering at Inha University at Seoul. From
1979 to 1980 he spent a period in West Germany, working with a
number of surface treatment companies, including Blasberg (sup-
oly hodse), Anke (job-plater) and Poligrat (supply house). Three
years ago he went to KIST and spent his time there with trouble-
shooting metal finishing problems ir industry. Mr. Ro joined
KEIMM in November, 1983, and helped a company in Pusan to reduce
the incidence of pitting in the hard chromium plating of pistons
used in the recoil mechanism of artillery. Since then he has col-
laborated with another staff-newxbei on the copper-foil rig. He
obtained a great deal of his chemical knowledge by education

and practical work and in addiction trained himself by joinig
plating-chemistry courses, which he was going to finish by a

final examination in May, 19385. He speaks quite reasonably English
and some German.

D. Recommendations

1. Organize the Waste Water Section with KIMM, Changwon, £3%
- transferring the duties and necessary freedom of ac.ion
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mainly in the chemical and basic engineering field to

Mr. Ro, Surface Treatment Centre,

linking Mr. Ro's activities with the Pcllutiom Contrvl Group
and the Chemical Amalysis Laboratory which should support
Lim on the analytical and detailed engineering side.

Start as - on as possible, preferably immediately., with
establishing a detailed waste water work programme (for
details see chapter V.B). It is estimated that Mr. Ro needs
about twc years of gaining practical experience and the
necessary contacts to industry in order to be able to car-
ry out efficient researcit and industrial support work fol-
lcwing the lines of the Government Project.

Do not postpone the start otherwise this mission will become

more or less worthless!

Give Mr. Ro the chance of further theoretical and practical
education by attending full-day courses and working with
waste water treatment companies in Korea and abroad. Con-
sider an ecucation of Ms. Ro in the Federal Republic of Ger-
many, where I might be of some help to you by finding out
the right courses and arranging a cooperation with a waste
water supitly house.

Consider the employment of an experienced engineer after
six to twelve month after having established the Waste
Water Section who may support Mr. Ro's activities with pre-
ferenc of detailed engineering.

Chuck the possibility of using the new KIMM-waste-water-
treatment-plant for practical training as well as pilot
~lant and process testing work.

Chemical Analysis Laboratory: Purcl'ase equipment for COD-
single-probe-analysis, portable laboratory~fotometer, hand-
test-sets and Imhoff-Cone (written information was passed
on to Mr. Ro).
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V. RESEARCH PROGRAMME AND
CONSULTATION ACTIVITIES

A. Present situation

As already mentioned introductorily until this mission nobody of
the Centre's staff had any knowledge and practical experience in
waste water treatment. The training of Mr. Ro (see chapter VII)
had to start from the beginning and within the given shiort time
could just provide a basic knowledge which of course is not enough
vo carry out efficient and successful research work and consulta-
tion and training to industry. Furthermore there are no close con-
tacts to the surface treatment industry giving an indication to
problems in the waste water field. It is thought to be to early

to start research work and as a result a research programme could

nct yet be suggested.
B. recommendations

1. Repeat the subject of the trainirng provided during this mission
and continue with
~ the calculation of investment and operating expenscs of
the three types of waste water treatment and corresponding
plants developed conceptually during the traini- g,
- the final selection of the most economic design of waste

water treatment process and plant.

2. Apply the provided knowledge and working method to the three
surface treatment complexes in Masan, Pusam and Taegu which
wvhich will come into the design stage in the near future.

3. Elaborate a survey about the surface treatment industry in
Eorea by
- geographical distribution,
- type of surface treatment like plating, painting, pickling,
anodizing and others, '
- economical size,

- water handling and waste water treatment.

4, In connection with recommendation 3. visit these companies
(at least two companies per week!) whotber they have problems
or not, try to get practical experience and to find out their
problems. Start with the plating iadustry thus concentrating
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on one major type of waste water treatment.

5. Inconnectionwith recomendations 3. and 4. make KIMM well known
as an institute where help, consultation and information can be

got from.

6. Zvalucte carefully the waste water problems collected by the
recommended field visits and elaborate an research programme
which is of interest to and financially born by the surface
treatment industry.

VI. CONTACTS TO INSTITUTES AND
ORGANIZATICNS ABROAL

Contacts are recommended to

1. Surface treatment organizations

in Germany: DG Deutsche Gesellschaft fiir Galvanotechnik e. V.
Kreuzstrale 34
D-4000 Diisseldorf 1
Tel. 0211/132281

in the United States:

AES American Electropleters’' Society
1201 Louisiana Ave,
Winter Park Florida 32789
Tel. (305) 647-1197

in the United Kingdom:

IMF Institute of Metal rinishing
Exeter House
48, Holloway Head
Birmingham B1 1NQ
Tel. 021-622-7387

2. Waste water association

in Germany: ATV Abwassertechnische Verinigung e. V.
arkt 71
D-5205 St. dugustin 1
Tel. 02241/22005-08
The surface treatment organizations are prepar:d to give further
information about their special activities in the waste water
field, training courses, training schools and universities, spe-

cial meetings and conferences and other items of interest.
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VII. STAFF TRAINING
A. General

The staff training was concentrated on Mr. Ro Byong-Ho and the
development of the design of a waste watsr treatment scheme and
plant of an industrial complex of seven plating shops in Bu-Chan
near Seoul, This complex was chosen because all the necessary
basic plant and production daia and plans were available, although
its design already was established and the complex itself is

under comstruction. So this activity and its results had pure
training character.

B. Complex cdescription

1. Site ofAcomplex: Bu-Chan near Seoul
2. Names of plating shops: 1. Dong-Bo
2, Sam-Sin Chem. Corp.
3. Shin-Shin
L. Dong-Won
5. Yong-Bo
6. Jung-Ang
7. Jeong=I1
3. Types of surface Treatment and plants:
1. Dong-Bo: Copper/Nickel/Chromium on steel (1)
Copper/Nickel sb/Nickel b/Chromium
on steel and brass (2)

2. Sam-Shin: Electroless Copper/Electroless Nickel/
Copper/N*ckel sb/Nickel b/Chromium *)

on ABS~plastic material (3)
Copper/Nickel sb/Nickel b/Chromium
on steel (2)

3. Shin-Shin: Electroless Copper/Electroless Nickel/
Copper/Nickel sb/Nickel b/Chromium
on ABS-plastic material (3)

Copper/Nickel/Chromium on steel (1)

4. Dong-Won: Electroless Copper/Electroless Nickel/
Copper/Nickel sb/Nickel b/Chromium
on ABS~-plastic material (3)

Copper/Nickel/Chromium on steel (1)

*»
) sb = semibright; b = bright;
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5. Yong-Bo: Nickel sb/Nicke . b/Chromium on steel
Nickel sb/Nickel b on steel (barrel-

plating)

Zinc (acid) on steel (barrel-plating)

Zinc (cyanide) on steel

6. Jung-Ang: Nickel sb/Nickel b/Chromium on steel
and brass

Zinc (cyanide) on steel

Zinc (acid) on steel (barrel-plating)

Nickel on steel (barrel-plating)

7. Jeong-Il: Electroless Copper/Electroless Nickel/
Cogper/Nickel sb/Nickel b/Chromium on
ABS~-plastic material

Copper/Nickel on zinc die-castings
(barrel-plating)

Nickel on steel (barrel-plating)

(2a)

(2b)
(4)
(5)

(2a)
(5)
(4)
(1a)

(3)

(6)
(1a)

that all seven companies

use some of six main types of treatment and plants (nnmbers ia

oracketts 1 - 6); further three minor types can be regarded as
sections of the main types 1 and 2 (numbers i1a, 2a and 2b). So

the waste water calculation work could be restricted to nine

plant-types.

C. Design development

The design development includes the following steps:

- description of plating production,

calculation of annual
chemical/product load
calculation of annual
chemical/product load
calculation of annual
chemical/product load

calculation of the chemical/product load of the flowing

amount of waste water and its
of each plating plant,

amount of waste water and its
of each plating shop,

amount of waste water and its
of the total complex,

water of the total complex - evaluation for circulation,

calculation of data of
filter-press equipment

an ion-exchange plant and

14

desjgning the various possible treatment and plant

schedules.
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Dascription of plati duction - S i s

The description of the plating production on the basis of given
production data and plans has to be prepared as detailed as possible
following a special scheme, Important data are sequence of plating-
tanks, bath-volume, type, compcsition and temperature of clectrolytes
or solutions, process sequences, types and amounts of replenished
chemicals/products, frequency of replenishments, frequency of bath
disposal, flow-rinsing speed, dragg-out volume, production through-
put and working time. Annex 1 shows one of the prepared nine sur-
vey-tables, here the copper/mickel/chromium-plant of Dong-Bo. All
important status-figures are given in columms 1 - 21 and in

the head of the table.

(Remark: In this report only samples of the extensiv paperwork de-
veloped during the staff-training are shown; the whole work re-
mained with Mr. Ro at "IMM).

In the case of designing not only the waste water treatment con-
cept, but also the production plants, figures of replenishments
(amounts of chemicals/products, frequency) and bath service life
(frequency of disposal) are not yet available; they have to be

found by calculation under certain assumptions (see next subsec-

tion) or fixed by practical plating experience.

Calculation of wast water amount and load of each plant

On the basis of the status figures described above now the annual
amount of waste water and its load by chemicals/products had to be-
calculated; in detail these figures include the annual amount of
chemicals/products used and brought into the waste water at each
bath of the plant, the annual amount of waste water concentrates
(process electrolytes and solutions discha.rged) and half-concen-
trates (stand-rinsing water discharged) of each bath separated in
the various necessary waste water treatment branches and the annual
consumption of flowing {flow-rinsing) water divided into the non-
cyanide- and cyanide-containing branch. These results are shown,
once again as an example, in columms 22 - 29 »f annex I, and com-
ments are given in columm 30.

The calculation formula used are developed and described in detail
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in annex 2. Usually this type of calculation is dorce by electxrnnic
data processing; during this training the work had to be dcme by
hsind=-calculators. All formula were developed and explained care-
fully during their application; in some cases where the calcula-
tions started to become too time-consuming approximate solutions
had to be used in order to proceed.

In the case of bath replenishments the amount of replemnished che-
micals/products were calculated on the premises that

- the amount of chemicals/products to be replenished is equal
to the dragg-out losses within a period between two reple-
nishments,

- in the case of metal deposition the metal concentration change
causedby different anode- and cathode efficiency is neglected,

-- in cyanide solution the displacement of cyanide by carbondioxide
resulting in an increased cyanide consumption and replenish-
ment is neglected,

- evaporation with or without sucking-off systems is neglected

(influence on bath concentration is as low as 1 % and less).

The frec iency of bath discharge was fixed by experience.

Calculation of waste water amount and load of each plating shop

The annual waste water figures calculated for each plant were now
added up for each plating shop and combination of plants given
there. The results, once again in the case of Dong-Bo, are given
in annex 3. Lines 5 = 9 show, that Dong-Bo produces

- 358 m3/a waste water, which has to be neutralized,

- 514 m3/a waste water containing hexavalent chromium,

which has to be depoisoned by reduction,

- 33 m3/a degreasing concentrates and halfconcentrates,
which cause difficulties during waste water
treatment and because of this have to be
treated in a special emmlsion~breaking step,

6,360 m>/a cyanide-free flow-rinsing water,
1,200 m3/a cyanide-containing flow-rinsing water, which
has to be depoisoned by oxidation.

The chomical/product load figures of these waste watear shares are
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are given in colurms 10 - 45 , line 6 - 9, of annex 3. They per-
mit a ccnclusion on a possible unefficient use of chemicals/products
in production (too much or frequent replenishments, too frequent dis-~

charges) and the need of chemicals for waste water treatment.

Calculation of waste water amount and load of the total complex

The zanual waste ater amount and chemical/product load of each
plating sheop were now summed up to the total comﬁlex figures;
these are shwon in annex 4. According to this the waste water treat-

ment plant of the complex has to treat annually

- 5.415 m3/a concentrates and halfconcentraies by neutrali-
zation;

- 130 m3/a cyanide containing concentrates amd halfconcen-
trates by oxidation of the cyanide;

- 1.449 m3/a concentrates and halfconcentrates containing
hexavalent ~hromium, which has to be depoisoned
by reduction;

- 243 m3/a degreasing concentrates and halfconcentratés by
emulsion-breaking and neutralization;

- 20 m3/a palladium-containing concentrates; the palladium
has to be recycled by ion-exchange, the solution
then to be neutralized;

- 60 m3/a eleciroless nickel concentrates and halfconcen-
trates; this waste water share either has to be
discharged by extermal facilities or the harmful
influence of complexing agents like ammonia rmst be
overcome by precipitating nickel at high pH-value,
filtering-off the nickelhydroxide and discharging
the filtrate separately from the main share of waste
water;

- 30 m3/a potassiumthiocyanate contaring concentrates and
halfconcentrates, which have to be depoisoned by
oxidation like cyanide or discharged externally;

- 62,310|;/a cyanide-free flowing(flow-rinsing) water, which
has to be neutralized or might be cleaned by ion-
exchange and circulated back to the plant; a share
of 4,800 m3/a bhas to be used in the deionized con-
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dition because of quality reasons (very clean
rinsing of the surface treated prcducts in the
final rinsing step);

- 6,510 m3/ a cyanide-containing flowing(flow-rinsing) water,
which has to be depcisoned by cyanide-oxidation
or cleaned by ion-exchange; in the latter case
it will be circulated back to the production plant.

- 7,347 m3/a Total annual amount of concentrates and halfconcen-

trates to be treated as described above,

-68,820 m3/a Total annual amount of flowing(flow-rinsing) water as

to be treated as -the concentrates and halfconcentrates

or to be cleaned by ion-exchange and then circula-

ted back to the production plant.

nmw:nmmm:mmm::::azar_a:aa

The load of chemicals/products of each waste water share above once
again is given in columms 10 - 45, lines 9 - 18, of annex 4.
Special attention should be drawn to the high load of the flowing
water (line 10) by nearly every type of chemical/product; this will
be regarded and discussed more in detail below.

Calculation of the chemical/product load of the flowing water =
Evaluation for circulation
There ar~e two basic techmical principles of waste water treatment

(for more details see VIII. Seminar presentation):

- The flowing-through technique: all the waste water (concen-
trates, halfconcentrates and flow-rinsing water) is treated
in the waste water plant while flowing-through continuosly.

- The batch-technique: the waste water share with high load of
chemicals/products (concentrates and halfcoacentrates) is
treated batch-wise, whereas the flow-rinsing water with a
low chemical/product load is circualted back to the plating
plants via an ion-exchange plant for continuos deionizing.

The introduction of an flow-rinsing circuit reduces water consump-
tion at least by 90 - 95 %. The grade of its contamination by che-

micals and products, however, must not exceed 4 mval/l (i. e.
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i

3 val/m3), otherwise the regeneratiorn ¢f the ion-exchange resins

will becom to frequent and unefficient.

“n the present case as a next step of waste water treatment design
development it has to be checked whether the load cf the 63,320 m3/a
floving water exceeds 4 mval/l. For this purpose the annual load

of each chemical/product, shown in lines 9 - 11 of annex 4, tas

to be transferred into val and then summed up to ax annnuai total.
The results of this calculation are shown in the following tables

I, 2 and 3 for the non-cyanide flowing watevr and its deionized
share of 4,300 m3/a as well as the cyanide-containing flowing wa-
ter. In all three cases the limit of 4 mval/l is extremely exceeded;
this is due to heavy drag-in of chemical/product from the process-
electrolytes and solutions straight into the flow-rinsing water
without for erample prior stand-rinsing step which would keep back
70 - 90 % of the load., Under these circumstances in none of the
three cases a flow-rinsing circuit is efficient and advisable., If
it should be introduced, at first the rinsing situation in the
plating plants has to be improwved by introducing suitable rinsing
techniques like stand- or spray-rinsing prior to flow-rinsing or
1recycling techniques at single process-steps. Aa other way to re-—
duce load is just to reduce concentration of process solutions like
etching, pickling or degreasing solutions, so that also drag-outs
are minimized.

Calculation of data of an ion-exchange plant and filter-press
equipment

Although in the present case flow-rinsing circuits would not work
efficiently, for training purposes the calculation of ion-exchange
plant data for the non-cyanide circuit was carried out., The re-~
sults are shown in table 4 below; they supply the basic size data
for plant construction and moreover certify the low efficiency of
this circuit given by a higt. rmmber of necessar,; regenerations con-
nected with high chemical ccnsumption and total eluation water
amount. The :otal annual watex saving is somewhat less than 90 %.

The filter-press data were taken fron data~tables in Taschenmbuch
der Abwasserbehandlung (Dr. L. Hartinger, Carl Henser Verlag,
Minchen, 1977), page 656/657 as follows:
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Table 1| Annual load of non-cyanide flswing water
Total water amount: 57.510 m”/a

Chemical/product | Amnual load Annual load of flowing
water
Kations Anions
kg/a val/kg val/a val/a
1 2 3 4 5
HC1l 30-33 % 30188 8.62 260220
HNo3 65 % 1098 10.47 11490
H,S0, 96 % 50653 i3 1360395
NaOH 343 25 8575
NHQOH 25 % 141 14,68 2070
ZnCl, 2793 14.68 40980 40980
NH,C1 6423 18.7 120100 120100
Cu-Pyrophosphate 376 6.65 2500 2500
K-Pyrophosphate 1368 3.97 5400 5400
CuS0,, . 5H,0 8709 8 69670 69670
NiSOu.6HZO 9168 7.61 698G0 69800
NiClZ.GHZO 1792 8.41 15000 15000
33303 1138 43,54 55200
Na-Citrate 2840 8.4 23800 23800
Na-Hypophosphite 1140 9.43 10750 10750
KSCN 9 10.29 92 92
Rochelle-salt 9 7.09 63 63
Cro3 18632 10 186300
Dia~Cr-NC Cro3 6066 10 59440
Na,F, 23.8 2900 2900
U1-202 Cro3 1542 10 15420
Ul-10 Cro3 772 10 1600
Na,SiF¢ 10.63 100 100
AT-64 Cx-o3 834 10 € :4o
ST-10 Na,F, 1040 23.8 24750 24750
7 degreasing pro-
ducts 13565 7 salt 94955 94955
6 NaOH 81390
Total val/a 572895 2439265
Total mval/l 9.96 b2.41




Table 2 Annual load of cyanide-cont
Total water amount: 6.510 m
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3ining flowing water
/a

™

Chemical/product Annual load Annual load of flowing
) water
Kations Anions
keg/a val/kg val/a val/a
1 2 3 L 5
NQ0-200 NaCN 20 % 968 20.41 4000 kooo
NaOH 30 % ' 25 19360
Zno 568 24,57 13950 13950
NaOH 154 25 3850
CuCN 1491 11.16 16640 16640
NaCN 4859 20.41 99170 99170
KSCN 144 10.29 1480 1480
Rochell~a-salt 43k 7.09 3070 3070
Brass-salt CuCN L0 11,16 2700 2700
Zn(CN), 17.04 2050 2050
NaCN 20.41 1640 1640
Total val/a 167910 144700
Total mval/l 25.79 22,23

azble 3 Annual load of flowing water deionized for

high-quality rinsing
Total water amount:

4,800 m3/a

Chemical/product Annuai load Annual load of flowing
water
Kations Anions
keg/a val/kg val/a val/a
1 2 3 L 5

9,50, 96 % 18412 15 - 276180
cro, 20968 10 - 209680
Total val/a - 485860
Total mval/l - 101.22
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Table 4 Technical data ion-exchange plant - Non-cyanide circuit

Technical data Dimen- | Kations Anions
sion
1 2 3 4
Circuit water load val/a | 572895 2439265
Circuit water amount m3/a 57510
Specific capacity m3/h 20
Specific load mval/ 9.9% | 42,41
(preferably 2 - 4)
Specific resin capacity val/l | 1 (strong |0.8 (medium
acid) basic)
Total resin capacity 1/a 573000 3056000
Number of regenerations 1/a 100 300
(2/week) (daily)
Actual resin volum 1 5730 10160
Number of resin columms - 4 7
Colamn-volume 1 1500 1500
Load of column (spec. capacity/ i/h 13.33
column-volunme ) ] (preferably 5 - 40)
Specific eluation amount 1/1Resin 12 7
Chemical consumption (theory value % 120 - 130
2 00 %)
Amount of eluation per regeneration m3 18 10.5
Annual amount of eluation water m3/a 1800 3150
Number of gravel-filter rinsings 1/a 100
Annual amount of gravel-filter m3/a 500 = 1000
rinsing water
Chemical consumption for resin
regeneration:
Hydruchloric acid (30-33 %) kg/a 83000
Sodiumhydroxide-solution (50 %) | kg/a 244000
Total waste water amount procuced 3
by regeneration and rinsing (gra- | m”/a about 600C
vel-filter)
Water raduction by circuit m3/a 57510 = 6000 = 51500
% 89.6
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- Plant capacity: 10 m3/h Filter-plate size 1200 x 1200 mm>
2
Total filter area 178 m

Number of filter-
plates 70
- Plant capacity: 0.5 = 1.0 m3/h

Filter-pl-te size 500 x 500 mm

Total filter area 5 - 10 m>

2

Number of filter-

plates 12 - 20
Designing the various possible treatment and plant schedules

As already mentiomed earlier waste water treatment can be carried
out by either the flowing-through technique or the batch techmique.
(for details see VIII. Seminar presentation). A third possibility
is a ombimation of flowing-through treatment of the flowing water
wi th batck treatment of concentrates and halfconcentiates., So

on the next pages three treatment desisns are developed:

-~ Design 1: Flowing-through techmique (concentrates, halfcon-
centrates, flowing water) without flow-rinsing
circuit;

- Design 2: Batch treatment (concentrates, halfconcentrates)
with two flow-rinsing circuits:

- non-cyanide flow-rinsing water,
~ cyanide-containing flow-rinsing water;

- Design 3: Flowing-~through treatment of the flowing water

share and batch treatment of the concentrates

and halfconcentiates without flow-rinsing circuits.

(The expression "concentrate” in the three schecules on pages 26
- 28 includes also halfconcentrates!),

Evaluating aad selecting the optimum solution for the present

case one has to observe that

- the chemical/product load of the flowing water is too high
for an efficient operation of a flow-rinasing cizcuit. The
load itself cannot be reduced remarkably by improving the
rinsing technique because a corresponding supplement and
change of the plating plants is nct longer possible,
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- the batch treatment offers advantages and treatment reliabi-
lity especially in the case of concentrates and halfconcen-
trates which very often cause trouble in flowing-through
treatment.

Considering these points .it has to be concluded that desigp 3

offers the best solution of waste water treatment of tne Bu-Chan

M

complex from the technical point of view; the economic side has
not yet been considered (see recommendation 1 on page 13) (It is

not known, what type of waste water treatment actually is being

realized in Bu=Chanl).

Literature and written information

During staff training copies and commercial prospects were pro-
vided to Mr. Ro of all important written informations and papers
concerning the single sections of the training. Furthermore all
calculations, elaborated tables und surveys not annexed to this

Treport by space reasons were left to him as a basis for further
work. -

VIII., SEMINAR PRESINTATION

During the mission two papers were prepared and presented:

1. Waste Water Treating Technology in Metal Finishing Processes.
(Special Seminar presented at the Academic Meeting of the
Korea Metal Finishing Society at Tzegu, May, 4th, 1985).

2. Environment Pollution Control in the German Surface Finishing
Industry.
(Presented at the Annual Meeting of the Environment Control
Engineers of the Chang-Won Industrial Complex at Chang-Won
(City-Hall) May, 8th, 1985),

Both papers are annexed to this report in full wording (annexes
6 anc 7).

IX. FIELD VISITS

Two visits were paid on May, 6th, 1985 to Ban Weol Eiectroplating
Industry Corp., Ban Weol-Myon, and Kyung-In Electroplating Corp.,
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Ban Weol-Myon, both near Seoul. For details see visit report
enclosed as annex 5. An over-all impression was that the waste
water treatment scheme is more complicated than necessary; this
might be due to endeavouriag to overcome difficulties caused by
improper waste water handling in the electroplating shops, but

a second reason might be that the Japanese treatment scheme and
plants, which are necessary to meet the Japanese specifications,
offer more than in Korea is required. In order to save javestment
costs (foreign currency) and operation expenses this point should
be checked and considered carefully in the future.

X. RECOMMENDATION (SUMMARY)

Recommendation to for details
see page
1. Check justification and efficien- UNIDO 7

cy of one-month's-missions

2. Orgénize the Waste Water Treatment
* .
Section KIMM, STC ) 11

3. Start as soon as possible, do not
postpone the start too lomng! KIMM, STC 12

4, Establish a waste water work pro-

sTamme s KIMM, STC*) 12
4,1 Repeat the subject of the training wes
provided during this mission KIMM, WWS 13

4,2 Apply the provided knowledge and wor-
king method to the three future com-

plexes in Masan, Pusan and Taegu KIMM, WWS 13
4.3 Elaborate survey about surface

treatment industry in Korea KEIMM, WWS 13
4,4 Pay field visits to this industry

(at least two visits per week!) KIMM, WWS 13

L,5 Make KIMM well-known as an institute
where help, consultation and infor-

mation can te got from, KIMM, WWS 14
4.6 Evaluate collected waste wrter pro=-
blems and elaborate research pro~ KIMM, WWS 14

ammes.,
&5
STC = Surface Treatment Centre; WWS = Waste Water Sectiom;
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Recommendation (contd.) to

for details
see page

Give chance of further theoretical

and practical education in Korea and

abroad wIMM,
Consider the employment of an expe-

rienced engineer after six to twelve

months KIMM,
Check the possibility of using the new
KIMM-waste-water-treatment plant for
training and testing work . KIMM,

Purchase recommended laboraty equipment
for waste water analysis KTMM,

In all cases of waste water treatment
plant offers check carefully whether

the plant meets exactly the requirements

. and is neither too small nor too big KIMM,

STC
STC

sTC{ )
PCG

STC

12

12

12

30

PCG = Pollution Cortrol Group;
CAL = Chemical Analysis Laboratory.
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MATHEMATICAL FORMULA
used for the calcilation of drag-out losses

A. Survey about drag~in/drag-out combinations
and evaluation of practical cases

DRAG-IN
None Water Water + Stuff

None - - -
5
:l: Water - - -
3

Water +
g Vater (4) (7) (14) and (16)

For the case being at hand only the following three combinations
are of practical interest:

Drag-out of water s+ stuff (i. e. process electrolyte, rinsing
or other solutions)
with prior

- none drag-in (first step of treatment
like degreasing, where the parts are
immersed in dry conditiom),

- drag-in of just water (first step of a
treatment section, where the carefully
rinsed parts drag-in just pure rinsing
water),

- drag-in of water 3 stuff (the normal
case of dragging-over solution from
bath to bath within a treatment section).

A treatment section consistsof a group of treatment bathes beginning
with the process electrolyte/solution, which is followed by a group
of rinsing bathes.

In the survey ~ table above the numbers in brackets refer to the
mathematical formula described in detail below and to be applied
for the drag-in/drag-out combination comncermed.
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B. Calculation Formula

Prior conditions

1. The treatment section consists of three bathes

through- bath 1 l ‘bath 2 I ’bath 3
— iy

—

put process-— stand=-rin- flow-rin~
electro- sing sing
lyte/so-
lution

2. The stuff (chemical/product) in bath 1 is not recovered
by adding freshb products or dragging-in from a bath before.

3. In bath 2 there is nc share of flowing water at all.

4, Drag-in volume is equal to drag-out volume; they further-
more are assumed to be independant on viscosity of the
variuos types of electrolytes or solutions.

5. In bath 3 the flow-rinsing efficiency is 100 %; from there
no stuff is dragged-out into the mnext tre«tment section.

Abbreviations

As abbreviations are used

¢ = concentration of stuff regarded in g/l

v = volume of bath regarded in 1

M = mass of stuff in the bath regarded ( M=c - V ) in g
VDA = drag-out volume in 1

n = number of charges treated in the section concerned within
the service life of bath 1 or within the period between
two stuff-replenishbments of »bath 1.

V is indexed by the number of bath regarded (i. e. V, = voiume

of bath 1); c and M are indexed twice, the first index referring
to the number of charges and the second to the nurber of bath re-
garded. So for inatance o1 = concentration of bath 1 after zero
charges throughput, MnI = mass of stuff in bath 1 after n charges
throughput.

Calculation formula

A or co tion: No recycling from bath 2 to bath 1.
Combination: No drag-in/Water + stuff drag=-out

In bath 1 concentration ¢ stays constant until the draggad-out
volume is replenished by water (which happens daily until weoekly

once). The numbder of charges treated in bath 1 between two water-
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replenishments is m, the number of replenishment periods within
the service life of bath 1 or within the period of two stuff-
replenishments of bath 1 is z. So it rollows

(1) n = m.3

The development of concemtration as a function of through-put
(number of charges) is as follows:

o1 during charge numbers 1 mmtdl m
Che1l 1 during charge numbers m + 1 mtil 2m
Compl 1 during charge numbers 2m + 1 wtil 3m

©(z=1)me1 1 during charge numbers (z-1)m+1 until zm

The final concentration 0(2_1)m+1 1 after zm = n charges is given
by

_ B VDA \z
(2) ¢(z=1)me1 1 gy (1 v )

1

The resting stuff in bath 1 after n charges follows from (2)
by

Mize)m+11 = “(z-1)me1 1 ° v
giving
m . VDA \z
(3) Mo )mer11 ® 01 ° v, (1= v )
and the WMM follows

from the mass-balance

A )met 12 = S01° V1 T M )met 1
to
- _mn, VDA g
(4) Mzat)me11m2 * Fo1° vy [1 (1 v, )

Combjnation: Water drag-in/Water + stuff drag-out

In this case the water volume dragged-in by each charge replenishes
the dragged-out volume; the total bath volume stays constant and
m = 1, so that follows n = z, The formula (2), (3) and (4) now
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can be written as follows:

Fi onc atijon after n charges through-~put through bath 1
VDA n
(5) cn1 = c01 ( 1 - v )

1
Resting stuff in bath 1 after n charges

VDA n
(6) Mg = e eV, (1= v, )
Stuff-mass dragged-out from bath 1 into batu 2
. VDA
(7) Mi-+2=%1"°" [r‘ -(1- v, rj

Combination: Water + stuff drag-in/water + stuff drag-out

The next step is the calculation of the resting stuff-mass in bath 2
from the balance of dragged-in stuff minus dragged-out stuff. After
the first charge put through bath 2 the balance is

(8) M, o CSo1+ VDA - c., . VDA + M,

Normally stand-rinsing in bath 2 is started with plain water, i. e.
M02 = 0, but by reason of completeness M02 here will not be neglec-

ted. The concentration c¢ follows from

12
(9) i = (M02 + cgqp - V’DA)/V2

After the second charge the balance is

(10) Mz = Mp+tcyy VDA - cpy . DA
with
(11) Chy = (M12 +cyy o VDA)/V,

Replacing c,, by (11) and M., by (8) equation (10) gets the final
form of

VDA, 2 VDA, 2
(12) My, = My,(1- 7;—) + cqq+VDA(1 - V;')

VDA .2
+ C . VDA(1 = v, )

For n charges obviously it follows
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n-1
VDA VDA -1
(13) M, = sz(1 - V;_)n + ;; ciq - vDa(1l - v;— )=t

Using equation (5) c;, can be replaced and ve get

(14) ananoz(“%n*' €91 - VDA . ZU-—-) (1___)11__
i=0

(14) easily can be applied using Electronic Data Processing, but
for the case being at hand only hand-calculators were available.
So simplifications had to be introduced. If V. = V, from (15
follows

VDA\n
(15) Mn2=(M°2+n.COl.VDA)(1-v)
It seems reasonable, in cases of V1 # V2 to introduce the aver:ge
value V = (v, + V,)/2 thus giving

(]6) an = 02(1 - g)n 2 . VDA)n

. VDA(1 -
V1 + V2

n.co1

The mistake of this apprpximation of course will become as bigger
as more V1 and VZ differ from each other.

For the calculation of ion-exchange plant data the stuff-mass
dragged into flow-rinsing bath 3 is of interest. It follows from

the mass balance

nj nl = 2 n2
giving
1) [ig = o 7y [ = 0= P - - B
= o1 .mg (‘-m) (1 -V, T04yn-1

(18) | M5 = oo, - 7, E- (1 -;’,-?A)‘j

VDA\n 2 VDA\n
-M02(1-v2) -n.co1.VDL(1--;-'-—)
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Calculation formula

Additional prior condition: Stuff recycling from bath 2 to bath 1.
Combination: Water + stuff drag-in/Water + stuff drag-out

In a few cases recycling of a vtain share of bath volume 2 (stand-
rinsing water plus dragged-in - . tf) to bath 1 (process electrolyte/
solution) had to be included in the calculations. As exact formula
could not be utulized by hand-calculators only quick approximate

estimations were carried out,

Within the service life of bath 2 the volume share VR is recycled
r—-times. The resting stuff-mass prior to the first recycliag is
Mhz/r; M_, was calculated earlier by (16); the number cf charges
ism= n/r. After the first recycling the resting stuff-mass is

m2 r

M
n2 VR
M = == (1 - v;)
Prior to the second recycling on the average further gnzlr have been
dragged~-in, and after the second recycling it remains

M M
n2 VR, 2 n2 VR
3_;_ (1 _.v_z)  — (] ..?;)

M&nz r

After r recyclings (r.m = n charges) the resting stuff-mass is '

M r
n2 VR 1
Mm2 =°¢ E (1 - Vz)

i=1
r—1
Moo YR YR\ i
2B > (-5
2 2
i=0

The sum-term represents a geometric series which can be replaced

as follows VB. o
(1 - v—) -1
2

M
. n2 VR
(19) Mzt E U TTT
- ¥ -
2

The stuff-mass recycled to bath 1 may be etimated by

(20) Moz2emt * Y2 = Mmo

The stuff-mass Mi {em 2 dragged-out from bath 1 to bath 2 and ear-
lier calculated by (7) now can be adjusted by

(21) Mpmie2*M 1 a2 " Mmoo

The stuff-mass dragged out from bath 2 into bath 3 is assumed to be
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proportional to the reduction of an to Mm

2.
M
™m 2
Mm3 ='Mr.x3 * an
VR VR
(1-v—2 (1-7;)r-1
(22) Mm3=Mn3. = '(1_v_n_ —
Va2

A more exact but time spending way of calculating the recycling

formula is possible by using the following equations instead of
formula (19), (20), (21) and (22); their application should be con-
sidered in future cases.

By reason of simplification it is supposed that the stuff-mass
dragged-in from bath 1 into bath 2 can be calculated as M“.1 2

by equation (7), although in praxis M is slightly greater

T nain 2
becanse of the r-times recycled stuff thus each time increasing
the concentratiom in bath 1 (crm 1). Under this condition the

mass—-balance after r recyclings is

(23) MnI—oZ-MmZ—o1=Mm2+ Mrm_’}

The stuff-mass recycled from bath 2 to bath 1 can be acchieved as

follows:

M
. n2 VR
After 1st rocycling: Mmz 1= . Vz

After 2nd recycling: MZm 2 ;= EH

r
n2
r
M 2M M, o2
n2 n2 VR n2 VR
After 3rd recycling: My , _ . = r“ sl Sl (¥ :};’—;‘

. 2
5m
n2, VR n2,VR\2 n2,VR\3
T (Vz) r (Vz) T (V )
After r recyclings:
™~1
M
)23 n2 YR i+1
(26) Mm2 1 = Ma2(7) - > (- 0@®
i=1 2

For the calculation of the stuff-mass resting in bath 2 and bath 3

the following ratios are assumed as meeting the praxis situation
satisfactorily:

an/(mn2 + an) = Mmz/(um2+ M 3)

MnB/(MnZ M "n3) = Mo 3/(Mrm 2% Mmj)




M

M 2 — 1
(25) Mm2= an(I-M )

Nlew= 2

M

T 2 == 1
(26) M o3 = Mn3(1-__Mn1__9)

M , and M 5 follow from equations (16) and (18), M

h 1= from

(7) and M_ from (24).

2 a—p

MATHEMATICAL FORMULA ;
used for calculation of metal-content increase or
decrease in metal-electrolytes.

A, Introduction

Variation of metal-concentration in metal-electrolyles is due to
different anode and c:thode efficiency.

B. Abbreviations

= metal equvalent at 100 % efficiency in g . 1A . 1h
a.flowing current .n A

= current density in A/t:lm2

= cathode or anode surface area in dxn2
time in h

= anode or cathode efficiency in %/100

?Q ¢1~>HP'°¥'!
]

a Metal deposited in g

The further index A or C means Anode or Cathode.

C. Calculation formula

(27) Miea = Bye i - t.y,

(28) Myec * Eye ity
(29) AMMG-Em.i.t.(%-%)

Ir AMMe > 0, the metal-concentratiun increases.
1r AM,, < 0, the metal-concentration decreases.

The current i can be calculated by i = -AL .

- 40 -
From those ratios can be deduct -
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ANNEX 5
VISIT-REPORT
Date of Visit: 6th of May, 1985
Companies visited: 1. Ban Weol Electroplating Industry

Coxp.
60-5 Pal Gok-Lt., Ban Weol-Myon

Hwa Seong-Kun, Kyung-Ki-Do
. Tel. (0345) 80-0625
2. K -In Electroplat Corp.
Ban Weol-Myon, Hwa Seong-Kun

Kyung-Ki Do
Tel. (0345) 6-6805
Persons met: At 1,: Mr. Choi, Soon-Syub
(Plant Manager)
At 2.: Mr. Oh, Hyun-Tae
(Plant Manager)
Accompanied by: Mr. Ro, Hyong-Bo, KIMM

General impression
The companies visited treat the waste water of industrial complexes

“of up to 40 plating shops. Unfortunately some of these plating
shops themselves could not be visited in order to get a picture
about the origin of waste waters and the grade of care of their
handling until discharge to the waste water treatment plamnt,

The waste water plants themselves were in an old and poor condi-
tion; the waste water treatment scheme seems to be more compli-
cated than necessary and in some cases adjusted to overcome diffi-
culties caused by improper waste water handling in the electropla-
ting shops.

Furthermore there are not so many admitted discharge values as

for instance in the United States, Germany and other European coum=-
tries as well as in Japan; this eases the treatment substantially.
So nickel can be discharged unlimitedly, but especially the need
of separation of nickel and nickel-complexes from waste water leads
to high requirements to be satisfied by a most proper waste water
handling in the plating shops and treatment in the waste water
plant.

The laboratory was equipped excellently and in a very pleasing con-
dition. Here not only waste water analysises, but also all controls
of the various plating solutions for the plating shops are carried
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out.

The people met was not prepared to put questions, and problems
were said not to exist so that a corresponding discussion could
not happen.

Special remarks
The waste water treatment plants have a capacity of 600 m3/ day

each; the present rate of use is about 50 %. The waste water is
generated in plants of decorative Nickel/Chromium-, Hard-Chromium-,
Zinc(acid and alkaline-cyanidic).-, Tin- and Brass-Plating. After
treatment it is discharged directly into the Anyang-San nearby,

The average costs per month are for

chemicals 19,000,000 Won (22,350.- US$)
pover 1,000,000 Won ( 1,175.~ US$)
labour 2,000,000 Won ( 2,350.- US$)
sludge-discharge 3,500,000 Won ( 4,120.- US$)
general 1,500,000 Won ( 1,765.— US$)
Total 7,000,000 Won (31,760.- US$)
or per m> waste water 300 Won ( 0.35 Us$)

==a=.=saz===m===a:a====..-===a==:===‘=-_======a=a=a====
The rate of 3 - 5 % of the annual turnover to be spent for waste
water treatment is similar to German figures.

The costs ‘are appositioned tc the plating shops on the base of
power consumption (15 %) and waste water amount discharged (85 %).

Admitted discharge values are (in bracketts typical practical
average values of the plants visited):

pH-value 5.8 - 8,0 (8.0 - 8.5)
Cyanide 1 mg/l (0.5 mg/1)
Copper 3 mg/l (1 mg/1)
Zinc 5 mg/1 (0.5 mg/1)
Chromium (total) 2 mg/l (1 mg/1)
Chromium (hexa-

valent) 0.5 mg/1 (0.1 mg/1)

The equipment of the waste water treatment plants is of Japanese
origin. The introduction of a flow-rinsing circuit combined with
an ion-exchange plant thus saving of at least 90 % of the present
waste Water amount is under discussior. Because of the need of aci-
Justment of rinsing techniques in the plating shops concerned and
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the corresponding costs necessary to meet the demands of ion-ex-
change treatment in a first step just one plating shop shall be
equipped with a flow-rinsing circuit for test and reference pur-

poses.

The waste water analysis-methods are similar to those in the United

States and Europe. Heavy metals are determined by atomemissionspec-

tography (AES) which represents a high standard of analytic accuracy
and efficiency.

Heavy-metal-cyano-complexes generated by improper waste water hand-
ling in the plating shops are cracked by transfer into the most
stable ferrocyano-complexes adding ferrosulphate to the waste water
share concerned. This in Germany is not allowed, because the ironcya-
no-complexes may be decomposed later in contact with other garbage
at the place of final deposit and release free cyanide into the
groundwaters.

Discussion

During the discussion comments were given to typical waste water
treatment schemes used in Germany, - techniques of cyanide-~depoiso-
ning using hydrogenperoxide or ozone, the harmful influence of
sulphate-ions onto canal-concrete and the discharge-conditions
which German direct-dischargers (dischargers direct into rivers,
not indirect via commumity sewage plants) have to observe in order
to avoid umnecessary discharge dues. The calculation method of
these discharge dues shortly was explained.

DI‘. LO Winkler




ANNEX 6

Waste Water Treating Technology in Metal Finishing Processes

o
Y

Special Seminar at Academic Meeting of the Korea Metal Finishing Society

at Taegu, May, 4th, 1985.

ABSTRACTS

After a short survey over the present waters protection legislation situation
in the Federal Republic of Germany (FRG) the harmful materials in waste water
from metal finishing processes and their limiting values are described. The
basic principles of waste water treatment from the chemical point of view
include depoisoning cyanide and hexavalent chromium, separation of heavy me-
tals by precipitation as hydroxides or organosulphides and final neutraliza-
tion to the agreed pH-value-range. Generally applied treatment technologies
are the flowing-through- and batch-type techniques, the latter one beeing
more and more preferred. Although many well developped recycling techniques
are available at present they are preferably used by bigger surface finishing
companies which are able to carry the investment costs and where the amount
of stuff to be recycled pays them within a reasonable period of two to three
years. A series of slides gives a picture about waste water treatment equip-
ment in the FRG. Sgecial disposal problems include the separation of sulfate,
the cracking of complexes, especially metal-ammonia-complexes, and avoiding
an overstep of existing ammonia/ammonium~limiting values as well as the eco-
nomic disposal of concentrated elactrolytes. The future is expected to bring
a heavy reduction of the present limiting values, the additional introduction
of limiting annual freight values and the total interdiction of self-disposal

of concentrated solutions and electrolytes.

1. Legal situation in the Federal Republic of CGermany

The basic law of ruling the use of and disposal into natural waters is the

Wasserhaushaltsgesetz WHG (Waters Household Law, Oct., 16th, 1976). It is

supported and supplemented by corresponding laws in each of the eleven Lands

of the FRG and by the necessary enacting legislation.

Natural waters are all still and flowing waters of every size on and bLeneath

the earth surface (lakes, rivers, groundwaters, the sea within the national

borders), but not waters in artificially constructed beds, basins or canals.

The basic principles of the WHG are

- The use of natural waters has to serve the public's welfare and to avoide

any evitable prejudice.

- The use of natural waters requires a permission of the authorities con-
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cerrned.

- The permission of use may fix special administrative and technical con-
ditiomns.

- Contamination of natural waters or endangering anybody's health, life,
property by such a contamination will be punished by imprisonment up to
five years or fine; in most cases already the attempt of contamination
or endangering is punishable.

- Any offence against enacting rules, permission conditions etc. will be
fined up to DM 100,000.--.

The use of natural waters has a very far-reaching meaning and includes any type

of action, which may have a detrimental influence, so for instance also transport
and storage of harmful products like chemicals by means of vehicles, pipelines,

containers and others.

The disposal of sanitary and industrial waste water has to observe minimum

requirements which has been or are going to be fixed by the Federal Government

for each type of industry; these requirements consider the application of

waste water treatment technclogies of generally accepted standard and efficien-

cy.

The disposal of treated sanitary and industrial waste water into natural waters

is subject to a waste water due which is calculated on the basis of the annual

amount of waste water discharged, its contents of mercury, cadmium, sludge,
oxidable compounds and ist fish-poisonousness. By given mathematical equations
values of waters analysises are transferred into detriment-units, and the due
per unit started with DM 12,— in 1981, amounts at present DM 36,-- and will
reach the final value of DM 40,-- in 1986. Basis of this regulation is the

federal Abwasserabgabengesetz (Law about dues on disposed waste water, Sept.,
13¢h, 1976).

The legal situation described above is, as already mentioned, restricted on

the use of and disposal into natural waters (direct disposal); for the dispo-

sal into community canals and sewage plants each community issued own sewage
statutes, which of course follow basic general recommendations all over the
FRG, but also meet special waste water situations in the communities. Most

industrial waste water producers dispose into community sewage plants (in-

direct disposal); the was*e water dues paid by the directly disposing communities

are distributed to the indirect disposers by regulations fixed in the statutes.
Additionally the indirect disposers can be charged for contaminations disposed

wvhich are over the limiting values.
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2. Harmful components and propertizs of metal finishing waste water - -

Limiting values

As most of the metal finishing compan’es are indirect disposers, the further
paper will deal with the indirect waste water disposal into public sewage

plants. The german ATV Abwassertechnische Vereinigung e. V. (Waste Water Tech-

nique Association, based on voluntary private or company-membership) in co-

operation with VKS Verband Kommunaler Staedtereiningungsbetriebe (Association

of Municipal Cleaning Utilities) in 1970 published Recommendatious for the

disposal of waste water into a public sewage plant; these have been revised

recently and published as Arbeitsblatt (Working Sheet) A 115 (January 1983);

table 1 below shows as a part of A 115 the recommended limiting values in de-
tail. The Working Sheet has been elaborated honorarily by a group of expe-
rienced engineers and scientists following rules cf ATV; the latter omes in-
clude giving an ear to the technical world. A 115 is the basis of the already
mentioned community statutes, whereby in the statutes the limiting values

generally are lower than in A 115.

3. Basic principles of waste water treatment

On the chemical side the treatment of metal finishing waste water has to

include

- depoisoning of cyanide and hexavalent chromium;

- cracking of metal-complexes;

- separation of metals as metalhydroxides or in form of other highly in-
soluble metalcompounds;

- separation of sludge;

- adjusting of the pH-value to the admitted range.

Using the suitable chemical reactions and treatment-chemicals a special treat-
ment step for separating organic compounds is not necessary; where so not,
emulsion-cracking and fat/oil-adsorption by products on silica-basis have to be

applied.

The temperature of waste water is almost below 35 °C so that a special cooling
is not needed. Except cyanide the authorities concerned do not strongly con-
trol anions like sulfate, nitrite or fluoride; where they do, special addi-
tional treatment steps have to be applied whenever possible. In the Land
Baden-Wuerttemberg there exists a limiting value for ammonia/ammonium, al-
though a reasonable and economic technique for the separation of this stuff

does not exist. This special disposal problem will be discussed later.
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TABLE l: Limiting values of treated waste water to be observed

before discharge into a community sewage plant

Waste water properties

ATV-Recommen-

Typical Values

Minimum Re-

dation A 115 of Statutes quirements
- - by WHG
General properties
Temperature °% 35 35
pH-value 6,5 - 10,0 6,5 -9,0
Sludge removable (after
0,5 h depositing time) ml/1l 10 1,0 0,3
Organic compounds
Oil/fat (hydrolizable) mg/1 250 100
Carbonhydrogen—Compounds mg/l 20 20 10
Chlorinated solvents (petrolex-
(as chlorine) mg/1 S tractable)
Phenols ng/1l 100 100
Anorganic compounds
Arsen As mg/1l 1 0,1 -
Lead Pb mg/1 2 2,0 1
Cadmium Cd mg/1 0,5 0,1 0,5 )
Chromium(VI) Cr . mg/l 0,5 0,2 - 0,5 0,5
Chromium total Cr mg/1 3 3 2
Copper Cu mg/1 2 1 2
Nickel Ni mg/1 3 3 3
Mercury Hg mg/1 0,05 0,05 -
Selenum Se mg/1 1 -
Zink Zn mg/1 5 5 5
Tin Sn mg/1 5 3 -
Aluminium Al mg/l |no limit, if 20 3
Iron Fe mg/l |not harmful to 10 3
sewage plant
Ammonia/ammonium NH,/NH, mg/l 200 50 100
. ) 4
Cyanide (by chlorineé
oxidable) CN mg/1 1 0,2 0,2
Cyanide total CN mg/1 20 1,0 -
Fluoride F mg/1 60 10 - 20. 50
Nitrite N02 mg/1 20 -
Sulfate SO mg/1 600 400 ~ 600 -
Sulphide § mg/1 2 - -
Chlorine Cl2 ng/1l - 0,5 0,5
Oxidable compounds (Che-
“mical demand of oxygen
CsSB) mg/l |in sewage plant 600 600

must not occur
anaerobe condi-
tions




- 50 -

The chemical oxygen demand CSB (chemischer Sauerstoffbedarf) is tegatdéd as
limiting value for the calculation of sewage dues; when exceeded the dues
arise, but no punishment or fires threaten. A general and economic way of
reducing CSB does not exist; in most cases CSB-valuec of metal finishing

waste water are below the limiting values.

The five basic tasks of wagté water treatment mentioned above lead to the

general treatment scheme as shown on the next page.

On the technical side waste water can be treated while continuously flowing

through the plant or batch-wise. The flowing-through-technique although cheaper

in investment has several main disadvantages:

- inproper treatment, not quickly encugh detected, leads to a disposal of
waste water with exceeded limiting values.

- Flowing-through—-treatment gives the best results when the amount and com-
positior uf the waste water stay coustant in a narrow range; greater chan-
ges caused by varying production rates and changes to new finishing chemi-
cals lead to treatment problems especially when these changes are not rea-
dily observed.

- In very diluted waste water chemical reactions do not constantly produce
the resuits necessary for a reliable water quality below the limiting
values.

- Generally the flowing-through-technique in Germany is pushed back by the

2uthorities concerned in favour of the batch-type technique.

The batch-type technique forces to reduce the amount of waste water, otherwise

the number and/or size of batches would become unefficiently great. So batch-
treatment plants are usually connected with a flow-rinsing circuit including
an ion-exchange plant for continuous deionizing the flowrinsing water. Such a
circuit reduces the waste water amount at least by 90 Z. The remaining 1C or
lees X now can be batch~treated under economic conditions. The despite higher

investment costs widely accepted advantages of the batch-tretament technique

are

- The danger of disposing waste water with exceeded limiting values is re-
duced to nearly nil. Each batch will be discharged into the community
sewage system after the final controls have prooved proper treatment.

- Variations in amount and composition of waste water can be met easily.

- Chemical reactions occur more reliably although in concentrated solutions
the influencesof neutral salts have to be observed.

- The higher investment costs are easily paid within two tc three years

by saving water supply costs and sewage dues.
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4. Waste water treatment plants

The following slides show typical waste water treaiment arrangements in the

metal finishing industry:

small batch-treatment plant;

- great batch-treatrznt planc;

- automatic batch-treatemnet plant;

-~ Ion-exchange plant for flow-rins:ng circuit;

-~ Ion-exchange plant with a capacity of 70 m3/h;

- Ioun-exchange plant with 300 m3/h capacity; the controlling and steering
device is installed beneath the floor;

- automatic Ion-exchange plant;

- controlling device with flow-chart of a complete waste water treatment
plant including an ion-exchange equipment;

- sludge deposition (flow-treatment 9 m3/h);

- sludge deposition (new construction of smaller size for flow-treatment

10 m3/h);

- filterpress and container for sludge collection and transport.

5. Recycling techniques -

Waste water treatment does not only start at the waste water treatment plant

but already with the production facilities. To avoid waste water is the safest

and most economic treatment technique. Apart from the highly controlled use

of water and metal finishing chemicals recycling water and material is another

way of reducing the generation of wast water and treatment expenses. Although
there is a great variety of partly well developped recycling processes apart
from the already mentioned flow-rinsing ion-exchange circuit applications are
low due to the high investment cost: which in moct cases cannot be amortized
within an acceptable time of two to three years. Janly with bigger surface
finishing companies it is worth to install suitable recycling equipment, and
there is indeed a greater acceptance for such techniques. However, recycling
techniques should not be introduced b2fore other less costly waste.water avoiding
actions have bee:. successfully realized. So for instance the second stey would
be done before the first when reversed osmosis is introduced for prolonging
service life of degreasing electrolytes without having checked and applied be-

fore the best longlasting type of degreasing product and its lowest possible

application concentration.
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Recycling techniques in Germany well accepted are:

- Rinsing with recycling the recovering rinsing bath;
- Ion-exchange for recovering precious metals like silver and gold;
- Ion-exchange for prolonging service life of chromium-electrolytes

in combination with an evaporation aund complete recycling of the re-

covery rinsing bath; i

- Acid retardation for prélonging service life of anodizing electrolytes
by separation of the salts formed during production. The retardation
principle also can be applied om other acid solutionms.

- Cristallization.

Especially acid retardation will play a major role in the surface finishing

industry in tke future.

6 Special disgosal problems

Nearly every finishing shop faces special waste water treatment problems the

most usual of which are

- Exceeding the limiting values of sulfate (400 or 600 mg/l1);

~ Ammonia-complex formation and related difficult;gs in metalhydroxida preci-
pitation and separation (f. 1. waste water from electroless nickel-plating
solutions, electroless copper-plating electrolytes, solutions of vibrstion-
or barrel-grinding and -polishing).

- Impossibility of ammonium/ammonia separation from waste water;

- Disposal of concentrated electrolytes, especially acids (etching, pickling

and polishing solutions).

Sulfate is not harmful to environment but destroys especially in acid solu-
tions the concret of canal-tubes. In order to stay within the limiting values
it is zdvisable to concentrate all sulfate~containing waste water into a spe-
cial treatmen= line applying calciumhydroxide or -chloride as precipitation
agent; because of tle solubility of calciumsulfate about 1¢00 - 2000 mg/1
sulfate remain dissolved, but after filtering-off the calciunsulfate and
combining the filtrate with the main part of waste water ia mos: cases the
sulfate concentration drops below the limiting value. If this technique cannot
be applied because of an too low amount of dilution water, sulfate also can be
precipitated by bariumchloride, the price of which howevver is high and the
proces has to be controlled carefully'by analysises; there has also to be ob-

served a limiting value for barium (10 mg/l).

The difficulty of ammonia-complex formation can be overcome vy metalhydroxide




precipitation at pH 12 and filteriang-off the sludge formed; the filtrate
then is adjusted to the limited pH-range 6,5 - 9,0; another technique uses
strong precipitation agents like organic sulphides, which however must not be

applied in excess, because they are highly fish-toxic.

In the case of ammonium/ammonia itself distilling-off from the waste water
under reduced pressure might-be considered, but apart from the high working
expenses the distilled ammonia has to be adsorbed in a suitable washing solu-

tion, and the discharging problem arises again.

A more and more widely accepted solution of the problems touched above is the
external disposal of such critical waste water shares by facilities which are
owned and run at least partly by Land-authoritiss. The waste water shares con-
cerned will be collected in the finishing shop and from time to time sent to
such facilities by truck or tank-lorry. The costs of this type of disposal,
which is strongly controlled by the not yet mentic .ed german federal Abfall-
beseitigungsgesetz (Waste Disposal Law) are in the range of 100,- to 500,-
DM/m3, in many cases however lower than those of self-disposing, if the latter
is possible at all. Especially in the case of concentrated acids, which nor-
mally easily can be discharged by neutralization consuming an equalent amount
of sodiumhydroxide solution chemical costs are at least twice higher than

those of an extermal disposal.

In this connection the attention should be drawn to the wagste-exchange system

organized by the german Chambers of Industry and Commerce and now slowly

being joined by neighbouring European countries. Every month a list of waste
offers and demands is published and costfree sent to interested companies.

So the author himself could arrange that for instance iron-containing concen-
trated hydrochloric acid of an electroless nickel-plating shop now tegul%giignt
to a zinc~galvanizing shop which uses it as pickling acid. The disposer just
pays the transport costs (that is roughly ome third of the self-disposing

costs) and the galvanizer gets a costfree chemical, even of reduced service
life.

7. Future outlooks

Main future developments in the waste water treatment field in the FR Germany

will include

= a heavy reduction of limiting values to about a tenth of the existing

figures;

- the introduction »f annual limiting freight values (freight = concentration

multiplied by the annual waste water amount) in addition to the existing
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limiting concentration values; : .
- the total interdiction of self-disposal of conceatrated solutions {aot

rinsing solutions) which then have to be sent to the already mentioned

external disposal facilities.
The reduction of limiting values will widely promote the application of re-

cycling techniques. The introduction of limiting freight values in addi-

tion to the existing concentration values limits the amount of waste water

which annually can be discharged. Furthermore the trade with freight values -
is going to be discussed; a company with gnod waste water treatment and free

annual freight-shares may sell them to another company which needs additional
freight in order to overcome treatment problems or being enabled to install

new production facilities in the area of limited freights. The introduction

of annual freight-limits ensures generally, that the discharge of harmful

stuff to the community sewage plants does not exceed values which are de-

trimental to the sewage plant itself and the treated waste water discharged ?

from there into natural waters. The load of environment is under strict control.

The total interdiction of self-disposal of concentrated solutions shall re-
duce the number of existing waste water treatment problems especially in
smaller companies and bring an important part of waste discharge under the

control of the excellen.ly equipped external disposal facilities and hereby

of the Land-authorities.

Author: Dr. Lothar Winkler

Consultant for Environmet Pollution Control

Drosselstrasse 35

D-6074 Roedermark 3 /FR Germany
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ANNeX 7

Environment Pollution Control in the German Surface Finishing

Industry

Paper presented at the Annual Meeting of the Environment Control
Engineers of the Ch Won IndustrialComplex at 8th, May, 1985
(Chang Won, Town Hall

Types of environment pollution from a surface finishing shop (elec-
troplatin, pickling, anodizing, lacquering etc.) are

- waste water
- solid and 1iquid wastes
- air pollution (in-many cases causing
further soil and natural waters contamination).

1. WASTE WATER

Waste water arises from discharged concentrates, semi-concentrates
(standsrinsing'water, water from lacquering cabines, vapour-washing
solutions) and eluates out of ion-exchange plants,

The basic steps of waste water treatment are

oxidation of cyanide and heavy-metal-cyano-complexes
reduction of hexavalent chromium

metal precipitation

pH~-adjustment to the admitted range by neutralization.

Two_tvypes of treatment techniques can be applied

- the flowing-through~technique
- the batch-technique,

The chemical reactions of waste water treatment are well kmown and
described; it is an absolute-condition that people responsible for
and dealing with waste water treatment are familiar with those and
connected possible problems,

The cyanide-oxidation includes three reaction steps (foil 1).
Reaction I is spontaneous and independant on reaction-pH; reaction
II, however, prefers alkaline reaction and so depends strongly on
PH. In order to acchieve a reasonable reaction speed, at least pH
11 should be maintained, The hydrolisis of cyanate (reaction III)
needs a pH of less than 3; under alkaline and neutral conditions

it decomposes very slowly, This might cause difficulties as shown
later.

Special attention should be drawn to oiso of heavy-met
cyano~-complexes, WVhereas copper-, zinc- and cadmium-cyano-complexes

easily can be cracked and oxidized under usual oxidation conditions,

the very stabel nickel-cyano-complex needs a pH of at least 11, pre-—

ferably more, a continuous excess of sodiumhypochlorite of 5 ~ 10

% during reaction and a reaction time up to 16 - 24 hours. In order

to avoid this expensive treatment the formation of nickel=cyano=com~

Plexes should be prevented already during waste water generation in |
the surface finishing facilities, The stability of the iron-cyano=

complexes depends on their composition and iron-valency. As tbair

decomposition and oxidation is even more difficult than in the case |
of nickel-cyano-complexes their formation strictly should be avoided.

The technique used in the Republic of Korea of separating cyanide

by adding iron(II)-sulphate at low pH in Germany is not allowed, be-

cause the iron-cyano-complexes formed can be decomposed later in |
contact with other garbage at the place of final deposit, and free 1




cyanide the will contaminate the groundwaters.

Except sodiumhypochlorite also hydrogenperoxide or ozone can be used
for cyanide oxidation. Their application, however, is restricted be-

cause of their higher costs and/or equipment expenses. Furthermore
in the case of hydrogenperoxide a catalyst, usually iron-metal, has
to be used, but this catalyst does not work in any composition of
waste water. The advantage of the use of hydrogenperoxide or ozome
is based on the fact, that they are reduced just to water, whereas
sodiumhypochlorite forms sodiumchloride; this will be of growing fu-
ture importance because more and more it is realized that also the
content of neutral salts like sodiumchloride or - sulphate in the
waste water discharged shouldbe kept to a minimum,

The reduction of hexavalent chromium usuallyis carried out at pH-
values below 3,2, using sodiumhydrogensulfite; the optimum pH-range
is 2,0 - 2,5, and lower pH-values do not improve the reaction yield.
In many cases the hexavalent chromium containing waste water is neu-
tral or alkaline, so that pH 2,0 - 2,5 has to be acchieved by adding
hydrochloric acid; this however increases chemical costs and neutral
salt concentration in the waste water discharged. In such cases so-
diumdithionate should be applied, because it reduces hexavalent chro-
mium quite easily also under neutral or alkaline conditions. At strong
alkaline pH-values also ferrosulphate can be used as a cheap reduc-
tion chemicale.

Difficulties may occur when cyanide oxidation and hexavalent chromium

reduction have to be carried out one after amother. As already men-
tioned the cyanide oxidation product cyanate is stabel under neutral
and alkaline conditions., If now for chromium(VI)-reduction dithionate
is applied cyanate may be reduced simultaneously to cyanide, and the
waste water discharged contains cyanide although the cyanide oxidation
was carried out before quite properly. In such cases the hexavalent
chromium reduction must be carried out at pH 2,0 - 2,5 using sodium~
hydrogensulfite; under those conditions cyanate hydrolizes quickly

to ammoniumcarbonate, and gassing shows the evolution of carbondi-
oxide. A reduction of cyanate to cyanide canmot longer occur,

The precipitation of metallhydroxides usually is carried out by ad-
Justing the pH-value to the admitted range of 6,0 - 9,5, sometimes
10,0, However, it is difficult to find a suitable pH-range for the
simul taneous precipitation of various heavy metals, Especially nickel
requires a pH of at least 9,3 for sufficient precipitation below the
admitted discharge value of usually 3,0 mg/l, but under such condi-
tions especially precipitated chromiumhydroxide redissolves as chro-
miumhydroxocomplex, This problem can be overcome by adding calcium-
ions in form of calciumhydroxide or calciumchloride, because the cal=-
ciumsalt of the chromiumhydroxocomplex is insoluble.

In this connection attention should be drawn to three significant
items:

= lowering of pH during sludge-aging connected with a redisso-
lution of precipitated metalhydroxides, preferably nickelhydro-
xide;

- formation of nickel- and copper-ammoniacomplexes just at and
over the optimum nickel precipitation pH-value;

- improving sludge properties by adding calcium-ions during the
metal precipitation step.
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As a result of the metal precipitation problems shortly touched
above it is more and more preferred to separate metal precipitation
and pH-adjustment into two following steps. The metal precipitation
is carried out at the most optimum pH-value without any regard to
the admitted pH-range. The final pH-adjustment follows after having
filtered-off the precipitated hydroxide-sludge.

The four steps of waste water treatment mentioned before lead to the
most effective general treatment scheme shown on page 4 (foil 2).

On the technical side waste water can be treated while continuously
flowing through the plaht or batch-wise. The flowing-through-technique
although cheaper in investment has several main disadvantages:

- Inproper treatment, not quickly enough detected, leads to a dis-
posal of waste water with exceeded admitted values,

- Flowing through-treatment gives the best results when the ammount
and composition of the waste water stay constant in a narrow
range; greater changes caused by varying production rates and
changes to new finishing chemicals lead to treatment problems
especially when these changes are not readily observed.

— In very diluted waste water chemical reactions do not constant-
1y produce the results necessary for a reliable water quality
below the admitted values.

- Generally the flowing-through-technique in Germany is pushed
back by the authorities concermed in favour of the batch-type
technique.

The batch-type technique forces to reduce the amount of waste water,
otherwise the number and/or size of batches would become unefficiently
great, So batch-treatment plants are usually connected with a flow-
rinsing circuit including an ion-~exchange plant for continuous de-
ionizing theflowrinsing water. Such a circuit reduces the waste water
amount at least by 90 %, The remaining 10 % or less now can be batch-
treated under economic conditions., The despite higher investment

costs widely accepted advantages of the batch-treatment technique
are

- The danger of discharging waste water with exceeded admitted
values is reduced to nearly nil. Each batch will be discharged
into the commmity sewage system after the final controls have
proved proper treatment.

- Variations in amount and composition of waste water can be met
easily,

= Chemical reactions occur more reliably although in concentrated
solutions the influence of neutral salts has to be observed.

- The higher investment costs of batch~treatment plants including
an ion-exchange plant are easily paid within two to three years
by saving water supply costs and sewdge dues.

With regard to harmful components and properties of surface treatment
waste water and admitted discharge values the german ATV Abwassertech-

nische Vereinigung e, V, (Waste Water Technique Association, based on
voluntary private or company-membership) in cooperation with VKS Ver-
band Kommunaler St?dtggeinigu_ngsbot;gebo (Association of Municipal
Cleaning Utilities) in 1970 published Recommendations for the dis-

h of waste wate nto a public sewage pl ; these have been re-
vised recently and published as Arbeitsblatt (Working Sheet) A115
(January 1983); table 1 on page 5 shows as a part of A115 the recom-
mended admitted values in detail. The Working Sheet has been elaborated
honorarily by a group of experienced engineers and scientists follow-
ing rules of ATV; the latter ones include giving an ear to the techn’-
cal world, A115 is the basis of the community statutes, whereby the
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TABLE l: Limiting values of treated waste water to be observed

before discharge into a community sewage plant

Waste water propertias

ATV-Recommen-

daticn A 115

Typical Values

Minimum Re-~

of Statutes quirements
. - by WHG

General properties
Temperature °c 35 35

pH-value 6,5 - 10,0 6,5 - 9,0

Sludge removable (after

0,5 h depositing time) ml/l 10 1,0 0,3
Organic compounds
0il/fat (hydrolizable)  mg/l 250 100
Carbonhydrogen-Compounds mg/l 20 20 10
Chlorinated solvents (petrolex-

(as chlorine) mg/1 5 tractable)

Phenols mg/1 100 100
Anorganic compounds
Arsen As mg/1 1 0,1 -
Lead Pb mg/1 2 2 1
Cadmium Cd mg/1 0,5 0,1 0,5
Chromium(VI) Cr mg/1 0,5 0,2 - 0,5 0,5
Chromium total Cr mg/1 3 3 2
Copper Cu mg/1 2 1 2
Nickel Ni mg/1 3 3 3
Mercury Hg mg/l 0,05 0,05 -
Selenum Se mg/l 1 -
Zink Zn mg/1 5 5 5
Tin Sn mg/1 5 3 -
Aluminium Al mg/l |no limit, if 20 3
iron Fe mg/l |not harmful to 10 3

sewage plant

Ammonia/ammo~ium NH,/NH, mg/l 200 50 100
Cyanide (by chlorine

oxidable) CN mg/1 1 0,2 0,2
Cyanide total CN mg/1 20 1,0 -
Fluoride F mg/1 60 10 - 20 50
Nitrite NO2 mg/1 20 -
Sulfate SO mg/1 600 400 - 600 -
Sulphide S mg/1 2 - -
Chlorine 012 mg/1 - 0,5 0,5
Oxidable compounds (Che-

“mical demand of oxygen

CSB) mg/l |in sewage plants| 600 600

must not occur
anaerobe condi-
tions
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in the statutes the admitted values generally are lower than in Al15,
(The commmity statutes rule the conditions of and dues for the dis-
charge of treated waste water into community canals and sewage plants),

The analytic control of admitted discharge values is done by usual
techniques like atomemissionspectography in the case of metals, in-
fraredspectography and other agreed water control methods following
the Deuvtsche Einheitsverfahren zur Wasser~-, Abwasser— und Schlamm-
untersuchung iGerman Common Metbods for Analysis of Water, Weste
Water and Sludge) elaborated and published by the Fachgruppe Wassep-
chemje (Section Water Chemistry) of the Gesellschaft Deutscher Chemi-
ker !German Chemists' Society). The surface finisher, however, these
facilities has not available; he works with hand-set tests which re-
ly on a photometric basis and supply sufficient results for the prac-
tical daily work.

2. SOLID AND LIQUID WASTES

Solid and liquid wastes to be discharged from a surface treatment
shop are sludge (liquid or solid, the latter with about 60 % water)
from waste water treatment plants, aqueous concentrated electrolytes
of special composition, which cannot be treated in the existing plant
without problems, and organic solvents like flourinated or especially
chlorinated carbomhydrogens (FCH or CCH). Such wastes are discharged
externally in well equipped utilities; organic solvents gemerally are
redistilled for repeated use. Advantages of an external discharge are
less problems with self-discharging and in many cases lower costs,
The wastes conocerned are collected in the treatment shop and from
time to time sent to the mentioned external facilities by trucks,
multi-lift vehicles or tamk-lorries. The costs of external discharge
which is strongly controlled by the german federal Abfallbeseitigungs-—
gesetz (Waste Discharge Law) are in the range of DM 100,- to 500,=-
per ton (1000 kilogramms), in many cases, however, lower than those
of self-discharging, if the latter is possible at all. Especially in
the case of concentrated acids, which nermally easily can be dis-
charged just by neutralization consuming an equvalent amount of so-
diumhydroxide chemical costs for neutralization are at least twice
higher tbhan those of extermal discharge.

In this connection the attention should be drawn to the waste-exchange
system organized by the german Chambers of Industry and Commerce and
now slowly being jained by neighbouring eurvpean countries, Every
month a list of wasia offers and demands is published and sent cost-
free to interested companies. The author himself could arrange by
this system that for instance iron-containing concentrated hydrochlo-
ric acid of an elactroless-nickel plating shop now regularily is sent
to a zinc-galvanizing shop which uses it as pickling acid. The dis-
charger just pays the transport costs (that is roughly one third of
the self-discharging costs) and the galvanizer gets a costfree che-
mical, even of partly reduced service life.

3. AIR POLLUTION

Air pollution normally is no urgent problem in the surface treatment
industry if proper equipment is applied. Sources of air pollution
might be electrolyte drops evtracted by the exhausting system and not
or not properly washed out of vapours from hot and/or gassing solu~
tions like chromium~ or electrolesc-nickel~plating solutions, degrea-
sing solutions working at elevated temperatures, pickling and etching
electrolytes. Efficient exhausting and washing equipment can reliably
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avoid any air pollution; only in the case of nitric acid and the
various nitrogenoxides evolved from this acid problems exist, be-
cause the gas-washing efficiency here is as low as L0 %.

Exhausting- and washing-systems have to be applied separately for
both cyanidefree and cyanide containing bathes, otherwise metal-
cyano-complexes will be formed which cause, as already discussed,
difficulties during the final treatment of the washing solutions

in the waste water treatment plant.

A serious problem of coéb;ged air- and watep-pollution by chlorina-
ted organic solvents was detected recently. The groundwater in-

creasingly is contaminated by this stuff, and the water supply uti-
lities have to apply increasing efforts and costs to purify the wa-
ter from it. Chlorinated organic solvents in the surface treatment
industry are mainly applied in the form of Perchlorethylen, Trichlor-
ethylen and ?,1,1-Trichlorethan. The various origins of this trouble
have not yet established surely in all cases of types and industries,
but one likely possibility is the exhaustion from solvent-cleaning
plants, As the solvents ams heavier as water and air, they easily

dew down outside of the production buildings and are washed into the
soil or the community sewage system by rain. In both cases they
finally contaminate the groundwater; to remove it from there by pum-
ping-off is most expemsive, because contrary to oil-contaminations

it does not swim on the groundwater surface but sinks down to the
deepest spots of the groundwater lakes, which prior have to be found
by a geological analysis.

L., FUTURE OUTLOOKS

Main future developments in the waste water treatment field in the
Federal Republic of Germany will include

- a heavy reduction of admitted discharge values to a tenth of
the existing figures;

- the introduction of annual discharge freight values (freight
is the product of concentration value and annual waste water
amount in addition to the existing admitted concentration
values;

- the total interdiction of self-discharge of concentrated so-
lutions (not rinsing solutions) which then have to be sent
to the already mentioned extermal discharge facilities,

The reduction of discharge values will widely promote thc applica-
tion of recycling techmniques, The introduction of admitted diazcharge
freight values in addition to the existing concentration values li-
mits the amount of waste water which annually cax be discharged.
Furthermore the trade with freight values is going to ve discussed;
a company with good waste water treatment and free annual freight-
shares may sell those to another company which needs additional
freight in order to overcome treatment problems or being enabled
to install new production facilities in the area of limited freights.,
The introduction of annual freight-limits ensures generally, that the
discharge of harmful stuff to the community sewage plants does not
exceed values which are detrimental to the sewage plant itsalf and
the natural waters which the treated waste water is discharged in.

lo of 0 the will be d strict control

The total interdiction of self-discharge of concentrated solutions
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shall reduce the number of existing waste water treatment problems
especially in smaller companies and bring an important part of
waste discharge under the contrsl of the excellently equipped ex-
ternal discharge facilities.

Author: Dr. Lothar Winkler
Consultant for Environment Pollution Control
Drosselstrasse 35
D-6074 Roedermark 3 /FR Germany
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I3 382 A2I2 (Cyanides), 3 33 &3 (sluconates)

* " A& (Poly Phosphates), JtZY %, 71 %21F (Organo amines)

2723 x°| EDTA(Ethylene Diamine tetra Acetic Acid), NTA
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A2 & (air Pollu tion)

o] e A Mg A2 AN 244 a2 A
as, | | - |
a]2 A9 @2 st 229 MY gygten W A 22 AN

TeAd WG AZIAH 32 ek dqz A A1Y g AAg

che AMY Ao Mgtz A2x M AN2e ] 40w AE

2z opAT @2 2%

. System T HE 228 A2,

Z(bath)Y 32 ¥ AA
H4 god 344 Han
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gl gAY g e AN ygce gt pAT A
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