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Preface

Heans-Evetrel Winkhaus

For the second time, the Henkel
Group 15 submitting an account
of the Cnmpany'n environment-
relevant data with its Environ-
ment Report 1993, Spedific
examples from R&D, Engineer-
ing, Production and Marketing
show the progress achieved aver
the past year in environmental
protection,

Environmental data, espedially of
the Company's largest produc-
tion site, Diisseldorf-Holthausen,
are listed on tables, They demon-
strate that during the past decade,
the production-related impact on
the environment has been drastic-
ally reduced. They also point to
problems yet o be solved,
Henkel sales in 1992 came to
DM 14.1 billion. Net earnings
reached DM 402 million, and
expenditure on  environmental
and consumer protection totaled
DM 355 million in 1992,

For decades now, Henkel has
been processing renewable raw
materials  to  conserve  finite
resources, Safe and  environ-
mentally compatible production
and products enjoy equal rank-
ing with ather corporate goals.

In all markets, Henlkel strives for
a position of ecological leader-
ship, and not just with niche
products. In all our product
ranges, we intend to offer su-
perior  ecological  compatibility
alongside first-class performance.



Examples of this goal are the
fatty alcohol sulfates (FAS), the
new, espedially gentle class of
surfactants known as alkyl poly-
glycosides (APG) that we are
marketing worldwide under the
name of Plantaren”, which is our
trademark for fully degradable
surfactants,

FAS is replacing in our powder
detergents the prime surfactant
based on finite mineral oil with
surfactants mainly derived from
renewable raw materials like oils
and fats.

Following the decision to re-
frain from phosphates, this is
another significant step toward
reduced impact on the environ-
ment and conservation of nat-
ural resources.

Conserving natural resources and
the environment is also a key
concern in our product pack-
aging. Our packaging developers
are  working intensely on
methods of cutting back on the
amount of packaging materials
used. And they see to it that the
packaging used can be recovered
and recycled. The success of
these efforts is already evident:
the “Eco lightweight pack” and
the *Eurobottle” for liquids along
with buckets made from recycled
materials and refill cartridges for
adhesives and technical con-
sumer products are opening up
promising potential. These prod-

ucts have been well accepted by
the consumers and received recog-
nition from professionals.

The protection of both the envi-
ronment and the consumers is an
indispensable element of our
corporate  strategy.  Henkel's
Environment Report will there-
fore annually review the progress
we have made and the problems
we are still facing,

s
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Hans-Dictrich Winkhaus

President and
Chief’ Executive Officer



Products and production

Ecological responsibility for products and
production worldwide

The Henkel Group assigns high priority to envirormental protection and plant safety. Its Principles of Environmental

and Consumer Protection state that Henke! develops, produces and markets products and systems whose environ -

mental mmpafiq'!jﬁ!_‘].' is !gu.'.'run!mrf in accordance with n'r.q,wixr.ﬂ .\r.u‘nl'll)'ﬁn:' criteria. The environmental compaitbil-

ity of its producis and productton methods undergoes continueus review, Plant safety and environmental profection

are critical ﬁ:l.\'.'fﬂnr taken o accouni n;ghl' ﬁ'ﬂm‘ starf when d.e'.n;gn i rig new pr.udur.'!mﬁ ﬁ.n:‘r'h'l‘l'e.'.\\‘.

Flant salety

Better safe than
sorry

One thing is absolutely sure: there
is no such thing as absolute safety,
Risk is a part of everyday life.
Working with chemicals also in-
volves an element of risk. How-
ever, thanks to its tried-and-tested
safety concepts, Henlel has not yet
i,'xpd:ricnq,w.;l 1 =hazardous incident®.
Proven processes, L'nmprr:humiw:
round-the-clock, plantwide safety
measures and thorough training of
the work force have maximized
ﬁ;lfut‘_y.

However, no one can give any
guaraniees for the future. S50 Hen-
kel is prepared for an emergency.
Accident prevention  plans  detail
the measures that have to be taken.
The chainz of communication to the
relevant official bodies and the
public are also defined Regular
exerases are carmied oot to ru.:rfr_'ct
cooperation  between the Henkel
fire department and the Diisseldorf
municipal firc department. Henkel
aperates 21 production units on the
site of the parent plant in Diissel-
dorf alone. Chemical reactions take
place in slightly less than hall of
these; seven of them are subjeet to
the German =“Stérfallverordnung”
thazardous nadents order) and

hence the focus of extra-special
attention.

Take for example the hydrogenation
facilities in Dilsseldort-Holthausen,

Hydrogenation
facilities subject to hazardous
incidents order

They are subject to the German
hazardous incidents order
because o combusatible gas (hydro-
gen), a readily ignitable liquid
t=methanoll, high pressure and
high temperatures are all present.
During the continuous —~hydroge-
nation process the raw materials,
—-t'ilrly acid mcthyl esters  and
hydrogen are pressurized, heated

The Henkel fire department in Disseldorf holds regular fire
drilfs. These inelude joint exercises with Dilsseldorfs municipal
Sire department,

AN sites where chemical producis are stored must be secure. Most
af Henkel's chemicals storage facilities are fitted with automatic
fire-extinguishing devices,

l,.l&{hbmmh |
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*Terms marked = are defined on pages 37 to 40,



with steam, and passed through
-ml;nly.ut-ﬂllmi reactors, The resul=
tant mixture of methanol and-fany
aleohaols is cooled and its pressure
reduced in stages until it matches
the ambient pressure. A three-stage
protective system ensures that the
process, which has proved ijuself
during decades of operation, pro-
cecds 1,mcml_hl};. An electronic procs
ess control systemn regulates and
automatically monitors all produc-
ton stages. If malfunctions or
power cuts occur, the facility is
imn'u,'di:ah:ly switched nto a ".ufl.'l','
maode,

The apparatus and pipes in the
facilities are subject to the pressure
vessel regulations, The German
Technische  Uberwachungsverein
{Independent Technical Inspection
Association) checks them regularly,
additionally 1o the regular internal
service and maintenance work.

Collecting zones allow no
liguid to escape

Each hydrogenation f:lr.'.lliiy is
grquippt'd with a safety release as a
precaution against unpredictable
major malfunctions, It can be activat-
ed manually on site, or from the
main control room, and can relieve
the pressure in the facility within a
few minutes. The mixiure of
hydrogen and methanol is auto-
matically ignited as it is vented, and
burns off in the form of a torch.
The only substances released into
the atmosphere are carbon dioxide,
soot and water vapor,

The hydrogenation facility itself 15
located in a :.'nllui.‘ling zane with a
floor slab that allows no liquid 10
pass through it. Contaminated
quenching water or leakages can be
channeled into the Company's own
collector tanks. However, Henkel
15 also well aware that even the

finest technology relies on skilled
employees if it is o function
properly - employees who continu-
ously undergo training. Reviews of
environmental and safety topics
keep them abreast of the latest
developments, Since mid-1990, in
the Dilsseldort parent pl:ml alone,
annually almost 2,000 employees -
mainly from production, work-
shops and laboratories - hayve parti-
c:ipmcd in intensive :ulm"--gmup
seminars on safety and the envir-
onment (see diagram page 32),
These activities date back to a
works agreement, reached as long
ago as 1988, concerning coopet aton
between the Management Board
and the works council in the field of
environmental protection, On the
basis of this consensus, since 1991
the Henkel guidelines, Environ-
mental  Protection  Information,
have obligated all Henkel produc-
ton sites and Group compianies in
Germany to hold dup:lrtmunml diz-
cussions on environmental protec-
tion at least twice a year,

A record is kept of the participants
and the subjects dealt with,

Environmental protection
COUrses

These are more than just theoreti-
cal. Practical exercises, designed to
teach how to react if failures or
accidents occur, also play a key
role. Operating instructions specify
how materinls and facilities should
be properly handled, and describe
in detail how to react rapidly and
earrectly.

However, responsibility  involves
more than ensuring safe production.
All sites where chemicals are stored
must be specially secured. Henkel's
slorage facilities are constructed so
that no —~emissions into the atmo-
sphere, water or soil cn occur under

A coflector rone ensures that no chemicdly escape infa the
sorl die to suddin, unexpecied h'.'rﬂnl‘l.‘lr‘ whaen fank
fruichi re biging rﬂ.w'f:ur‘qr:f.

normal circumstances, If fire should
break out despite the extensive fire
pmlt!rﬁnn messures that are aken,
this sets off the automatic fire de-
tectors present in all storage areas, In
recent years, Henkel has focused spe-
cial attention on 1ts tank farms. In the
Ditsseldorf parent plant, for example,
a systematie weak-point analysis was
carried out and resulted in measures
being implemented to improve the
safety of 15 tank farms l:ly the end of
1993, And at the subsidiary com-
pany Collardin, in Herborn-Schéin-
bach in Hesse, a particularly sophist-
icated new tank farm went into op-
cration in 1992, Water-polluting
hquids are stored in double-walled
tanks that conform o the stnctest
safety regulations




Froducts and production

Rencwable raw materials

From nature’s
garden

Nature is the ideal source of raw
materials. It produces sufficient
amounts of vegetable and animal
oils and fats, starch, sugar, cellu-
lose, ete, and follow-up supplies
are never a problem. After they
have been used, renewable raw
materials return to the natural
cycle. They have no effect on the
=garbon-dioxide balance of the
ntrnnsphcm. they are h'lmlr.'gr.ld-
able, and in many fields of chemieal
production they are already replac-
ing finitc raw materials derived
from petroleum and coal. The main
supplier of vegetable oils are the
palm tree plantations in South-East
Asin, They are an imporiant source
of revenue for developing countries
such as M.nl.'l}'xiu and the l"hilipa
pines. The plantations there will
provide for years to come. There is
therefore no need to cut down trees
in tropical forests, On the contrary,
fallow clearings can be reforested,

Abeut haif a miflion metric tons of natural
raw malterials are processed by the
Diisseldorf facilities alone; the products
melude ﬁ}ffy aleahols,

thus preventing erosion. The palm
trees in these plantations are a
monoculture, but i their natural
habitat. Their economic exploita-
tion invelves the use of only a mini-
mum of plant protection products.
Mowadays, there is a growing trend
toward processing the extracted
vegetable olls into highly refined
products in their country of origin.
In 1992, for example, a modern
=fatty alcohol faclity for which
Henleel had eontributed the know-
how and the complete technology
came on stream in Malaysia,

Natural oils and fat=
for chemical-technical
applications

Some 82 million metric tons of
native oils and fats were produced
worldwide in 1991, mainly for
human and animal consumption.
The pmpnrtinn vsed in the chemi-
cal industry was t‘mly about 14 per-
cent, and this was made up mostly
of oils and fats that are only of
limited suitability for nutritional
pul’lﬂ.?.‘m.‘i.

Henkel has long been an expert in
the processing of renewable raw
miterials,

The founder of the Group, Fritz
Henkel, used sonp made from
natural oils and fats in his first Per-
sil back in 1907, Today, almost
half & million metric tons of natural
oils and fatg are processed in the
Diilsseldorf parent plant and its
=oleochemical facilities,

Henkel's oleochemicals today vield
almost 1,000 chemical products
based on renewable raw materials,
They are used for a wide range of
npplimt:’nnﬁ: lubricants: =stabilizers
and =addinves for the plastics
industry; fat liquors for the leather
industry; lacquer auxiliarics; —=sur-
factants for cosmetic  products,
detergents and cleaning agents,
Besides —fany acids, their deriva-
tives and glycerin, Henkel uses
renewable oils and fats to produce,
above all, =fatty alcohols, 90 per-
cent of which are processed to sur-
factants.

Oils  and fats  have been
supplemented by another natural
raw material as a basis for the pro-

The Hendel subsidiary in the USA produces
25,000 metric tons of alkyl pobyghcosides
per vear, The plant in Cincneti, Ohio, Is
the bigvest of its kind in the world,




duction of surfactants, namely
--l:;lrlﬂnl:ydrntvs. These substances
accur in nature in abundance, as
cellulose in wood, as sugar in fruits,
and as starch in maize and potatoes,
In Germany, for instance, about
one percent of the total agricultural
production of starch poes o the
chemical industry as a raw material,

Allr.y! pnlyg]yﬂ“idﬂ are the
basis of new producis

Henkel rescarchers nlso availed
themselves of nature's rich bounty,
They develaped many new prod-
ucts based on the class of surfactants
known as —alkyl polyglycosides
(APG),

These reaction products of fatty
aleohols and  carbohydiates  are
usually used as co-surfactanis,
beeause they considerably reinforee
the action of other surfactants.
Henkel has known for a long time
that potatoes and maize can theo-
retically provide raw materials suit-
able for surfactants,

However, results obtaned in the
laboratory and pilot plant are often
difficult to translate into industrial-
seale production. Specialists have
been i.'xpli,lring for new processes
with which APG can be manufac-
tured in large amounis since the
carly eighties.

An additional complication in this
context 15 that nature cannot Huir=
antee to supply raw materials of
consistent quality. [t hag been pos-
gible o manufacture APG on a
large scale since March 1992, The
largest APG I';u:ility in the world,
that of the American subsidiary
Henkel Corporation in Cincinnati,
Ohio, produces some 25000
metric tons of the new surfactant
tvpe annually, Another plant will
s0on be coming on stream  in
Diisseldorf. Because APGz are very

gentle on the skin, their main apph-
cations are dishwashing and clean-
ing agents, as well as shampoos,
bubble baths and shower gels,

One clear ;mvimr:\‘g{‘ of the APG
surfactants 15 their excellent hode-
gradability, even in the absence of
oxygen, Le. under anaerobic condi-
tions.

A test procedure developed by
Henkel (=+Metabolite test) can be
used o prove that the surfactanis
undergo complete biodegradation,
=Fatty aleahol sulfates (FAS) based
on renewable oils and fats were
also subjected 1o these thorough
tests. The resulis confirm that they,
o0, are r:nmph,'l,i.'ly him]t:grml;lhlu .
also in the absence of axygen.

Faity aleohol sulfates are used when-
ever soap fails to perform its func-
tion: in hard water, Soap, the oldest
surfactant, loses its washing power
in hard water and combines with
hardness elements w0 form  lime
soaps, which leave a grey, rancid-
smelling deposit on laundry.

Industrial-scale production
with improved process

Henkel has used fatty aleohal sul-
fates derived from renewable raw
materials for many years: in liquid
detergents as well as in dishwash-
ing and cleaning agents. In
February 1993, under the Persl
brand, the first powdered all-pur-
pose detergent with FAS (Henkel
brand name Plantaren”) was intro-
duced on the German market. This
wiis rmq.sih!u because of the devel-
opment of suitable processes for
achieving optimal blending of faity
aleohol sulfates into detergent for-
mulations, In addition, industrial-
seale facilities for manufacturing
sufficient FAS by means of im-
proved processes have only recently
become available,

Natural raw materials - fer example from
saybean, the fruit of the oil palm or

domestic sape - dre the basis for mary t.lf'h‘lr.‘
ipachermical ‘r.!l'lnﬂu'f.\ that have bees
marnfactured by Henkel for many years. They
akio ga into modern detergents.




Products and production

Drilling fluids

Environmentally
compatible
oil exploration

A —fatty acid ester made from na-
tive oils is t_'urrunlly ;mrm:ling on-
siderable interest from the oil in-
This Henkel
product possesses all the advan-
tages of the mineral oil-based fluids
used in drilling for petroleum and

dustry. innovative

natural gas, especially offshore, but
unlike these wraditional products it
is also fully biodegradable,

Studies of the senbed carried out
after the first drilling operations in

1990, have now demonsirated
conclusively that the —ester under-
2OCs total I1in-;h'gr;1d;|tinl1 on the
seabed. Drilling fluids stabilize the
wiills of the borehole, lubricate and
cool the drill bit and rod, and carry
crushed rock (drill cuttings) to the
surface, The
fluids previously used on a large
gcale by the oil industry for their
technical advantages are ceological-
ly harmful because they are not

mineril  oil=baged

adequately biodegradable.

Mineral oil-based drilling
fluids pollute the oceans

And so they play a major role in
contaminating the oceans, It has

been estimated that in 1989 some
30,000 metne tons of mineral oil
and crushed rock were dumped in
the North Sca alone, For this rea-
son, the countries bordering the
Morth Sea have long been consider-
ing a ban on all mineral oil-based
fluids and the practice of cleaning
drill cuttings on site. They want
safe and controlled disposal inland.
Meanwhile the number of oil com-
panies that are willing to take their
respongibilities seriously by using
the Henkel fatty acid ester is grow-
ing, evien thnu;.;h it 1% maore EXpens-
ive than the conventional products,
They realize that it is in their long-
term interests to help keep the
oceans clean,

A drll rod being extended on a .fﬂﬁrll‘q
platform. Counter-ratating multiple
foathed cones enable the drill heads fo eat
throwgh the most stubborn rock,

fh[.’mgﬂ{mf ovele and accurmulation af il currings, The dalling ﬂ'r.rl.rf ﬂmw dawn th rmwh the drll
rosd ;mr{jfrm',r ek up thrateh e gap between the dr il Fod and the wall :{f'f}Ii' barehole,
mn‘j.'i:l‘u e lrill cutfings wikh 1. Aﬂm the deilf cuffings have been remaoved, the :'."n':‘hr;_::ﬂml'hum be

JL
|

usedd dgein. Part of the fheld remains an the dnll cuitings.




Packaging developments

Compact
packaging

The notion of downsizing pack-
aging material is nothing new for
Henkel. The first “Eco pack” for
liquid detergents was developed as
long ago as the late seventies,
Unfortunately 1t was oo far ahead
of its time; although technically
perfect it failed to eatch on with
CONSUMETS,

Now that everyone is talking of
reducing and recycling packaging
materials,  Henkel  packaging
engineers are again facing a chal-
lenging task - to cut down the
amount of packaging materials used
without sacrificing any of the
advantages they confer. It would be
impossible to dispense completely
with packaging, It protects products
so that they can be transported.
Boxes, buckets and eans are easy to
handle. Packaged products can also
be stored more simply - as retailers
and buyers readily appreciate.

One really light ereation of the
packaging engineers is the "Eco
lightweight pack.” This is a pure=
grade, colorless —~polyethylene bottle,
weighing only 24 grams, which
can be easily reprocessed, and a
reusable cardboard box, which
stabilizes the lightweight bortle.
Today, 34 liquid products are mar-
keted in lightweight ecological
packagings in six European coun-
tries. They include Persil, Ata,
Atlas, Sofix and Vernel, Thanks to
these alternative packagings, Hen-
kel uses 1,000 metric tons of plastic
less each year.

In Germany, alone, it saves 60O
metric tons on a total of 7,000
metric tons, and by 1995 it is
planned to save 1,500 metric tons

cach year, The lightweight went
down well with the experts, oo, In
a national competition in Italy it
won the "Oscar dell” Imballaggio”,
and at the international packaging
competition of the “World Packag-
ing Organisation” in Birmingham,
England, it was awarded the
“World Star for Packaging 1991"
in June 1992,

The standardized "Eurobottle” uses
a lot less plastic, too. The new
shape of this updated version of the
traditional plastic bottle requires 30
percent less plastic. Total savings:
300 metric tons cach year,

Less plastic = less waste

In the long term, packaging
engineers intend 1o dispense com-
pletely with plastic in the carrier
straps and adhesive tapes used on
cardboard boxes. Paper will replace
it, because this will simplify the
later —recycling process. Planned
savings: again 300 metric tons per
y{!ﬂl’.

Less plastic - less waste is also the
formula for detergent dispensers.
The familiar measuring beaker
vanished from the detergent packs
in June 1992, In its place, consum-
ers can request a free standard
beaker. Environmental benefit: 45
million less dispensing aids to be
discarded each year.

Haowever, it will not prove possible
to abolish plastics completely in the
short term. For example, thin plas-
tic sheets are a more efficient solu-
tion to the problem of protecting
palletized goods against transport
damage and the effects of the
weather than  material-intensive
alternatives, A great many param-
eters must be considered before a
decision can be made on whether a
packaging is ecologically worth-
while, Returnable bottles,  for

The “Eco lightweight pack” consists
of a colorless and only 24 gram heavy
polvethylene botile and a stabifizing

olitside box.

example, are only more advanta-
geous than one-way battles if they
make a certain number of trips. In
addition, the energy needed to
transport the returned bottles must
be taken into account, Because the
parameters are 5o varied and the
topics so complex, Henkel refuses
to rely simply on first impressions,
but attempts to obtain 8 compre-
hensive overview by drawing up
ecological balances.

The amount of packaging can also
be shrunk by using product concen=
trations. Concentrated detergents
will cut back the amount of packag-
ing by some 40 percent compared
with normal merchandise, and
even greater concentrations will
produce even further savings. The
first of these products - Dixan
Megaperls = is already on the mar-
ket in the Benelux, Switzerland and
Austria,



Praducts and production

10

Eco balances
From the cradle
to the grave

Some people regard  ecological
balances as a certificate of environ-
mental compatibility or a universal
remedy for all ecologieal problems,
These expectations are too high
Ecological balances deseribe all the
environmentally relevant param-
eters that play a role in the manu-
facture, utilizaton and d.ispmu| af a
product.

They provide a basis for making
decisions. These decisions them-
selves depend on evaluations of
individual results. For example: if
less energy is needed to produce
product A than product B but prod-
uct B is more biodegradable, a de-
cision must be tken on which
benefit weighs more heavily.

Cooparation with euslomers

Out of sight - but
still in mind

Any new product rolled out onto
the market nowadays must have a
lot more going for it than good
applicational ~ properties,  There
should be no or almost no environ=
mental impact associated with its
use, and when it has served its pur-
pose, it should be recyclable or
easily and inexpensively dispos-
able. These demands b:{ trade and
industry - and increasingly legisla-
tors - are an integral part of produet

Ecological balances should accom-
pany a product from the cradle 1o
the grave. This involves collecting
and processing all significant datw
relating to the extraction of raw
materials; the production processes
of the individual raw materials; the
manufacture of the products and
the packaging; distribution; con-
sumption; and finally disposal,
Care must be taken in comparing
ceological balances. Eco balances
for identical products may differ,
depending on what daa were
incorporated in the caleulations,
and 1o what extent.

In some product segments, how-
ever, ccologieal balances are a
valuable instrument of refinement.
A relevant example from the Hen-
kel prr_\dum range: the um]u_g;il:a]
benefits of compact detergents
weighed against conventional pow-
dered detergents, Compact deter-
gents discharge less ~emissions into

development. Feedback between
customers and product developers
15 essential if 2 new or modified
product is to meet the demands it is
expected o,

For years there has been close
interaction between Henleel Metal
Chemieals and its customers = pri-
marily carmakers - concerning the
use of neutral eleaning agents and
~demulsifiers,. One  example: a
new, now patented system for
cleaning and corrosion protection
by means of neutral cleaning
agents,

This has resulted in a considerable
increase in the useful life of clean-
ing baths. Lurgc.-ly as o result of bath

the atmosphere and water, and they
use less energy than normal deter-
gents, What's more, they generate
less waste, However, one critical
factor must be wken into consid-
eration - the consumer.

Compact detergents are still
often added in excess

MNumerous studies have shown that
consumers pay limited attention to
the dispensing prescriptions of the
detergent manufacturers (ee page
360 At present, they're likely t©
add about 20 percent oo much
compact detergent. As a result, the
environmental benefits of compact
detergents are partially offset by the
consumers themselves,

This shows it is not enough simply
to draw up ecological balances. Con-
sumers must always be keptinforme
cd sothat they are able 1o play their
part in environmenial protection.

care measures and *-n.:q,rl.:l'mg_, the
agueous phase. The cleaning baths
can consequently be used for up to
18 months.

Specifically this means: individually
regulatable and optimized process
control has enabled considerable
reductions 1o be made in water
consumption and hence the amount
of wastewater and its level of pol]u-
tion. Henkels liquid neutral clein-
ing agents have been used success-
fully for many years, because they
clean iron, steel, copper and brass
just as ﬂ'llllrt.‘lu[._;hly % pl:lsl;ic. M=
ther do the different types of dirt
pose any problems for the industri-
al cleaning agents. The cleaning



properties of the neutral cleaners
are complemented by their protee-
tive acton. Their basic chemical
components  include not  only
biodegradable -surfactants but also
~Qrganic =inhibitars, which form o
thin, transparent coating on the
surface, protecting it against rust for
some time,

Nowadays, the soiled emulsions
formed during the cleaning process
are separated in the baths during
the operating process into the main
components, oil and water, The oil
phase can be removed from the
bath liquid with the help of separa-
tors, and subsequently recycled; the
aguecus phase is yeused, After o
maximum of 18 months, however,
even the best bath s "exhausted.”
This means that up to 200 cubic
meters of cleaning liquid in a cen-
tral plant have to be disposed of.
Product developers are convinced
that there are possibilities of im-
provement here. In the future, they
intend 10 recover certain
materials from the aqueous phase.
Another cxump]u: contaminated
oil/water emulsions inevitably arise
whenever metal is shaped, worked
or processed as drilling and grind-
ing agents are needed as well as
cooling lubricants  and  drawing
compounds. It has been estimated
that the annual demand for cooling
and lubricant coneentrates in Ger-
many alone is about 100,000
metric tons,

The amount of emulsions is much
higher - about two million metric
tons per year, Companies now have
to pay dearly for their disposal. In
Germany, for example, since the
water balance law was changed in
1988, it is forbidden to discharge
this wastewater into sewers or
—receiving waters without subject-
ing it to preliminary treatment.
The ol content, s well as the con-

Taw

centrations and loads of other eco-
logically suspect substances (includ-
ing —heavy metals) are limited for
di!.'i;:h;lrgcn;.

However, it is almost impossible to
comply with the threshold and
recommended values by convention-
al demulsifying. Neither the acid
nor the salt processes which were
generally used previously, nor
=siltrafiltration, achieve the
threshold values, In addition, these
processes result in the formation of
large amounts of oily sludge, acid
~{lotates and concentrates from the
ulirafiliration, which also have to
be disposed of at a high cost.

can

Wastewater needs
preteeatment

A new Henkel process, involving
the use of selecied organic sub-
stances as  demulsifiers,
many of the -;ii!:;ldmnt:l};ue.‘ of con-
ventional methods. In the new
process =cationic ~polymers break
the emulsions. No sludge is formed;
the hydrocarbon content and the
~heavy metal content are drastical-
ly reduced.

Water and oil can now scparate
owing to the difference in density;
five 1o ten percent used oil floats on
90 o 95 percent water, and in many
cases this satisfies the legal require-
ments for discharge, Depending on
its quality, the used oil is recycled,
employed as a source of energy or
disposed of as hazardous waste, If
very stable emulsions are involved,
ar the level of pollution fluctuates
strongly, the organic demulsifier
stage is followed by other emulsion
breaking processes, usually =mem-
brane ones.

To make sure that the organic
demulsifiers are always fed in just
the right amounts, the Metal
Chemicals product developers had

AVE )i Ll’i

to devise suitable automatic mea-
suring and dispensing technology,
with which the exact dispensing
rut=off pninl cin be determined.
This technology enables the break-
ing process to be monitored untl
the end point is reached, thus
avoiding the addition of excessive
demulsifiers,

In cooperation with customers,
IHenkel developed a new
process ﬁ:r breaking emulsions.

LiErriuisa s

ANIng
e
{emulsion)

The emulsians formed when ol
containing metal parts are cleaned are
broken divectly, The oif phase can then
be separaied,

11



Products and production

Less ail in wastewatar

Smart cleaning
agents

saturday meming in the carwash,
Cars queued bumper 1o bumper,
\-\".ﬁ'lir'lg to shed their dirt and dust.
More than 30 million vehicles are
registered in Germany today, and all
of them are washed more or les
regularly. No wonder that washing
the bodies and the engines of this
many vehicles accumulates enormous
amounts of dirty and oily wastewater,

Obviously this oily wastewater
should not be allowed to infilirate
the sewage network or
worse = the grﬂundw.'llur; Just one
liter of mineral oil makes a million
liters of drinking water unpalatable,
This hazard eannot be treated hightly,
and all wastewater  that maght

aven

contiin oil must flow lhrt'lugh an
oil separator,

The oily water spends about five
minutes in the oil separator. In this
time, the lighter oil separates from
the water and surfaces.

The oil layer can now be skimmed
off and disposed of as hazardous

-'l'l'?"f'”ltﬂ'i‘f)‘_l'"l,k: dCTioi r.y' Fhe vehicle clecner, The low sissfiee fension
"V the cleaming solutian increases \"‘J.lqrﬂ.'.ﬁ if iy difuted. This may Fesudi

in demulsificarton

2

g
e
ikl

Water and o
Acira e aur the
ot separator. The
fighter olf colfects
at the surface and
can be skimmed

aff.

02 0§ 1 e &

concentration in percent

Oily
wastawatar
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liquid waste. The residual waste-
water Tuns  into  the sewage
networlk,

In many r.‘ump:miun. this functions
perfectly, but in some cases the oil
and water fail 1o separate within
the giv:'n time because ||1l_‘:,' have
formed an ~emulsion - for example
in carwashes, because of the clean-
ing agent that is used,

Powerful clﬂming pl.-rfnn'n-
ance during the washing
process

How can eleaning agents have their
desired effect without simulta
neously forming emulsions? This is
a major environmental problem.
According to the German Federal
Environmental Protection r\gi.'nr.;y.
some 30,000 metric tons of cold
cleaning agenis are used annually in
Germany alone, The amount of
emulsions formed each year as a
t‘t!l'l.'-'f.'qul.'lll,'.l.' 5 ”'II!"I'L"#.}H! rn:lny
tirres higher.

Henkel's product developers have
come up with a solution: a “smart”
uh‘;ln".ng agent, 1)1.1ring the w;whing‘
process it brings about a consider
able reduction in surface tension,
and as a result it has a powerful
cleaning effect, Subsequently it is
diluted cluring rinsing and loses this
property; it then acts as a self-
demulsifying  and  neutralizing
agent. This means that the oil sepa-
rator can again function ns it
should, and the residual oil sepa-
rates out after only a short tme, In
addition, the —-pH falls from the
weakly —alkaline to the almost
neutral range.

The amount of residual ol in the
wiastewater is less than Germany's
legally permissible maximum of 20
milligrams per liter, The wastewa-
ter ean be discharged without need-
ing any further treatment.



Floor coverings

Teamwork in the
interests
of clean air

A suceessful example of good co-
operation between three different
companies in the interests of envi-
ronmental protection was trodden
underfoot by visitors 1o the Dilssel-
dorf Plastics Trade Fair in August
1992: a floor covering that had
been printed by means of the ~gra-
VUre  process with an agqueous
=polyurethane ~dispersion as bind-
er. This printing ink binder was
specially developed by Henkel, and
it enables printing ink manufactur-
ers to employ pigment preparations
specially developed for water-based
printing inks, with which the floor
eovering manufacturers then print
their floor coverings.

Printing ink binders for
water=dilutable inks

The reason for this cooperation s
to switth from —solvent-based
printing inks to aqueous systems.
Volatile =organic substances used
for painting and printing contribute
to air pollution. This is why in
1984, the German coatings indus-
try voluntarily undertook to intro-
duce suitable measures 1o reduce

The new printing ink binder for water-
dilutable tnks was developed in numerous

labaratory lests.

solvent =¢misgions from paints and
inks.

This changeover has proved to be
extremely difficult. The develop-
ment of suitable new printing ink
binders has only been gradually
successful. This is where Henkel
employees achieved the decisive
breakthrough, Over a three-year
period they developed a new print-
ing ink binder for water-based inks,
with which plastic coatings can be
printed just as well as with inks that
contain solvents. This could not
have been done without the know-
ledgeable support of the printing
ink and floor covering manufac-
turers, The result is purer air and
enhanced industrial safety.

13



Research and develapment

The aims of research and development: more quality,
safety and environmental compatibility

Flenkel employs more than 3,000 people worldwide in research and development, They create the basis for inno-
vation as far as modern, efficient and ecologically compatible production facilities and products ar¢ concerned,
And they ensure that environmental pratection aspects are taken info account even during the planning stage.
Here, ton, the Henkel Grou P sticks ta the principle that new pmdu{:r,t. _fm.'f'.fm'.;.'.t and production processes should

always be supertor te their predecessors,

Ingtead af CFCs

A genuine
alternative

It |'Ii||'.ll'lL"'I"l.‘" without warning, One
moment all the important data are
present on the hard disk of the com-
puter, the next moment they are
gone, But it is not the feared viruses
that have obliterated all the data in
the machine. The villain: a tiny
speck of dust on the hard disk that
has been missed by the fine cleaning,

The efficient cleaning and degreas-
ing of surfaces plays a key role in
all metal prul:t.'..'cxing industries and
the electronics industry. This is a
traditional field of application for
~halogenated hydrocarbons, The
term l];tie1gun111¢!cl hydrocarbons
COVUTY HI'HU.F.'G of !-llh.'"lilni.'t!ﬂi :."I.lL!h 11H]
=¢hlorofluorocarbons (CFCs) and
~chlorinated hydrocarbons ICHCs)
According to the German Federal
Environmént Protection  Agency,
these L'h::mmg processes gencrate
80,000 metric tons of hazardous
waste each year in Germany alone,

CHC lulvmtl market in Gﬂmny (wumn Gmnyl
in thousand tons Source: German Chemical Industry Association
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ene chloride
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and this waste includes a large pro-
portion of halogenated —=solvents,

One especially critical field of op-
erations is the fine cleaning of elec-
tronic components, for which
chlorofluorocirbons have always
been held to be indizpensable,
However, CFCs are regarded as the
main cause of damage to the ozone
laver, and substitutes are therefore
urgently needed. An  environ-
mentally  compatible  aliernative
hag now come from the Henkel
laboratories: an aqueous cleaning
solution.

Tiny specks of dust with
a :ll:\ruutul:ing effect

In cooperation with a computer
manufacturer, Henkel has  de-
'.'uln['.u,'.d an alternative process for
the fine cleaning of hard disk com-
ponents. From the very start, all
those concerned had only one aim
in view = to develop n completely
novel EIt'Ilrliﬂ}!' process based on
aqueaus cleaning  systems rather
than just to replace CFCs by other
organic solvents,

The task was a big one, In the com-
puter industry, surfaces have to be
extremely clean - even the tiniest
speck of dust can have a devastating
effect, In addition, residues of
=organic material must be com-
pletely removed from surfaces, other-



wise they could become detached by
the heat generated during operation
and Gse severe m.:l]fum:linning.
Furthermore, the agueous solution
must not attack the surface of any
of the components, which are made
of nat only metal but alsa p];mii:.

Cleaning performance
outsirips CFCs

This means that a sophisticited
combination of -welling agents,
«emulsificrs and inorganic salts
had to be developed before all these
requirements could be fulfilled.

The cleaning performance of the
mdividual test formulations was
therefore monitored with Henkel's
modern surface un:l]y.-.'i.‘.' |t!|.'.|'l'HIt.]I.IL'N.
The result certainly bears serutiny:
the cleaning performanee is even
better than that achieved with
CFCs,

The agueous soluton can be recy-
cled. With the help of special proe-
esses, g ~ulirafiliration, the deta-
ched dirt can be removed from the
cleaning agent components to such
an  extent that the recondi-
toned salution can be fed back into
the cleaning process. Only the
sepa rated solvent=free residual dirt
has to be c,li,'.'p(m'd of.
Unfortunately, the new cleaning
method 18 not suitable for existing
facilides, which must be adapted,
Thanks 1o the experience gained by
Henkel during the :luvululuncnt af
the new process, Henkel specialists
are able to support customers with
advice and help.

Wastewaler treatment

From eastern
Westphalia
to the world

Every do-it-vourselfer is famihar
with white-colored wood glue. Its
raw muterial, a ~polyvinyl acetate
«hspersion, is produced by the
Henkel subsidiary, Cordes, in the
eastern Westphahan town of Porta
Westfalica. During the process of
conversion inwo  adhesive,  the
dispersion and other components
leave their truces in the water used

to rinse the reaction vessel, tanks,

Recaiving
tank

r

Electrolysis tank
with alectrode
plates

Floceu:
lation tank

pipus and returnable contiiners. In
the past, Cordes removed the res-
wues from the milky wastewater
with the help of a process widely
used in this sector, Le. by adding
iron salts and lime. In this way, the
dispersed particles are attached to
the tron hydroxide flocs, which are
then filtered off. The filtered waste-
water is alkaling and has w0 be
neutralized by other chemicals,
However, this has its problems.
=Precipitation floceulation involves
the addition of a considerable
amount of salt to the wastewater. In
addition, large amounts of —filter
cike are formed, and these have o
be disposed of at some cost.

The dispersion particles qyglomerate in the electrodns

fank, This precess o completed m the floce ulafion
fank, Hn'lﬂm § iy Femoved from fhe wastewader i

the filler preds,

after

a {inal pH check,
returned to
production

or discharged
o wadte
wiler spwor

Purified water tark

Filter press
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Research and develapment

A new process used by Cordes pro-
duces only half as much filier eake
and one third as much wastewater
as the previous one; what's more,
the new process does not involve
the uppli:uﬁtm of any new pringi=
ples. It 15 in fact based on experi-
ence gained in reprocessing —emul-
sions, Dispersions and emulsions
behave very similarly.

An ¢lectrical current cleans
contnminated wastewater

Cordes broke new grr,mnqi when
starting o treat wastewater that
contained emulsions. Although it
was not certain whether the new
process would work, those respon-
sible had a elear pil,:hln; of ther
objective, namely o remove all
solids from the water without
adding any chemieals, and to pro-
duce as hitde flter cake as possible
while doing so.

During the course of numerous
laboratory tests, one process gave
by far the best results: —electrolytic

Basie principle of flotation; ting dirt particles cling
i the aiv hrubbies, which carry them to the surface,
where they are skimmed off!

Alr bubble

Dirt particle

separation. And this process ult-
mately made the running. A voliage
15 applied across the electrode plates
and the contaminated rinse water
undergoes a combination of chemi-
cal and physical changes as it passes
between them.

The electrical current releases the
dispersed particles from their charge,
causing them io agelomerate.
At the same time, water undergoes
electrolytic  dissociation, releasing
gas at the electrodes. The tiny bub-
bles rige to the surface, taking the
dispersion flocs with them. When
the charge s transferred to the
d.i:ipur:il:d p:irlicli.'.'c,
amounts of metal compounds arise
from the electrode to which further
dispersion particles can then atiach
themselves, These heavy particles
sink to the bottom and are later
pumped off with the dispersion
flocs. The process also destroys
pullutimm and in doing so it re-

very small

duees =biachemical and =chemical
oxygen demand; this latter s
important if the wastewater i8 o

® s

Dirt particles elinging to air
bubble {rising)

pass through a biological sewage
treatment plant. The whole se-
quence in the reaction section is con-
trolled and monitored by a process
contral system that in‘lmudi;ltely
reports the source of error if a mal-
function occurs, It is therefore
ensured that rinse water nn]_-,r leaves
the fﬂci“tly if ;ldL'qn.'ltL' flocculation
has occurred. The substances pre-
cipitated during electrolysis are sep-
arated in a chamber filter press, Only
a =pH-neutral filter cake is left,
which can be disposed of harmlessly
in a landfill for domestic waste.

New process meets all
expectations

The filirate that flows into the
public spwage networl is also neu-
tral und containg no salts or other
chemicals. However, not all of the
water is discharged into the sewers.
Because it is so pure, some of it is
fed back into the purification proc-
ess. This 1s equivalent to a saving of
one third of fresh water.

The new process therefore fulfills
all expectations, It creates less filler
cike, 50 disposal costs are lower;
and no chemicals are added, so
industrial and environmental safety
are improved. Even il the composi-
tion of the rinse water fluctuates
sharply, the faclity can handle it
without any problems. Complianee
with the legally required discharge
conditions is therefore ensured.

In the field of environmental pro-
tection, the uxpur'lence g,'lim:d with
this new operation and the know-
ledge of the properties of disper-
sion-confaining rinse water are of
benefit not only to Cordes; other
Henkel production plants that pro-
duce and process dispersion adhe-
sives throughout the world can
profit from the experience gained in
eastern Wcslph.‘lli;l.



Biateehnology and environ

mental aAgineering

Custom tailored

COGNIS GmbH, established in
1991, synergizes Henkel Group
know-how, ie the Company's
R&D and production experience,
in the fields of biotechnology
and environmental enginecring,
Through its locations in Diisseldorf,
Genthin (eastern Germany), and
Santa Rosa California), COGNIS
supplies environmental  services
and technologies o Henkel Group
companies across the world. In this
way, COGNIS l'u:lpr\: o impruvr
Henlkel's environmental situation.
R&D capabilities progress existing
expertise and upgrade even further
achieved environmental standards,
Action already taken indicates that
SCONOMmIC :IdVH!IlHHL“!r are frequently
obtainable, too. A rigorous analysis
of the environmental sihaton at
existing production plants reveals
possibilities for reducing pollution
in waste wr, wastewater and for
minimizing the amount of solid
waste. The overall objective 15 proc-
esg optimization for eliminating
pollutants,

This young consultancy and tech-
nology enterprise has about 100
employees who supply its clients
with custom-tailored solutions to
their problems. In 1992 along,
COGNIS was able 1o help some 30
Henkel production plants and
Group companies in Germany and
abroad, i.e. solutions for environ-
mental prnb]l.'rrls were developed
on site in cooperation with the
employees of the companies in
question, The company ean provide
a wide variety of services, ranging
from proposals for improving the
waste situation, through wastewi=
ter and waste gases, to biological

soil renewal, Here are a few exam-
ples of COGNIS solutions to prob-
lems encotintered within the Hen-
kel Group:

After reviews of numerous —audits
(process de.-ﬂ:ipﬁml. WASICWALET,
wilste EAses, encrgy, wiaste, noisel
with Spanish colleagues, three key
objectives were formulated  and
then jointly translated into practice;
reduction of noise —emission,
=recycling the rinsing and cleaning
walter of the detergent factory, and
reduction of emissions from the
spray tower.

Waorldwide serviee und
technology

In Japan, the problem was complete-
ly different: should the bilogical
sewage treatment plant be extended
1o cope with the moreased amounts
of wastewater that had to be treated?
The answer was no. In a joint effort it
i possible through improved aera-
tion in the wastewater tank for haz-
ardous substance decomposition to be
raised from 50 o over 90 percent,
The customized concept for Her-
born in Hesse was: separation of
the oil and water phases by ~distil-
lation. The oil phase has a high
calonfic value and is therefore
burned; the water is oxidized with
hydrogen peroxide, This eliminates
its odor and reduces its =COD load,
50 that the water ean be discharged
into the sewage networl,

France, ton, has made use of ex-
perience from Germany, The follow-
ing concept for extending a bio-
logical sewage treatment plant was
agreed upon: an initial, highly effi-
dent, biological stage replaced the
inefficient parallel biological swage.
The adu:lnmgus; lower investment
costs and increased industrial safety.
From its bases in Diisseldorf,
Genthin in eastern Germany and

COGNIS develops products for the
enviroament. A new product for restoring
aoif enntaminated by petroleum is being
laboratoy tested,

Santa Rosa in California, COGNIS
supplies service and technology
worldwide. And not just to compa-
nics in the Henkel Group. In 1992,
115 outside firms, municipalitics
and institutions benefited from the
knowledge and experience of
COGHNIS emplovees.



Research and develapment

Expafls in hygiene
A joint effort

Where such a difficult subject as
hygiunu 15 concerned, Henkel-Eco-
lab does not just rely on its own
judgement. This joint  venture,
which has been active throughout
Europe since 1992 in the field of
professional cleaning and hygiene,
also commissions expert opinions

from competent institutes and
scientists, both in Germany and
abroad, when products in this feld
are tested, In this way, the first
environmentally compatible chlo-
ring-free  and  —phosphate-free
|1ygit!|1:: system for industrial dish-
washing was developed.

This system is used in hospital kit-
chens and company canteens., [t
consists of cleaning agents, bleach-
ing agents, disinfectants and clear
rinsing agents, together with the
associated dispensing and supply
technology.

During the development phase the

The environmentally ¢ amgetible eleaning
syatem for industrial dishwashing i
machines is submitted fo practical tesis in edly that it can not only clean
Henkel-£oolab'’s kiichen hygiene laboratory. SITOn H] ¥ soiled dighezs very

system had to demonstrate repeat-
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thu:'.lrunghl_y, but that it is also
mii:u'l'linlngic;ll[y efficient, envi-
ronmentally unnlpulﬂalu. and eco
Nomic,

Hygiene systems for mobile
use, oo

The  electronically  controlled
dispensing technology ensures that
chemicals are added exactly os
required, 5o that their unnmmptitm
is a5 low as possible, and that the
dishwashing process as a whole is
hygienically  and  economically
efficient.

Experts from two independent
external hygiene institutes tested
the process in practice and assessed
it s "gﬂ:un‘l." 'I'hq'_y therefore
confirmed the results obtained by
Henkel's own product developers,
microbiologists and ecologists,

The r!.,.':lnin;..r‘ system is also suitable
for mobile applications in appro-
priate  dishwashing machines. Ity
hygienic efficiency and environ-
mental compatibility thus make it
suitable for use at OpEn=air events;
Llir.'pu.'.ul tablewnre 1% Unnecessary
and hygiene i3 not compromised.



Waste disposal

New plant concepts and innovative processes mean
less environmental pollution

Henkel is constantly searching for ways of reducing the waste pas and wastewater burden at its production sites.

Chemists and engineers from research and process development team up with their colleagues from production fo

design new processes and plants with lower levels of emission. Progress in the environmental sphere 1s put info

practice not only at Henkel's Dilsseldorf headquarters but also in the Group companies in Germany and through-

otif the world,

Microorganisms in the bio

sCrubber

Odor eaters

The pr-:ului.'.tit_m of chemical raw
sometimes causes
unpleasant smells. There were days
when people living in the vicinity of
the Kepee chemicals factory in Sieg-
burg, where =-fragrances, .'ipl.‘:‘:i.'lhj.'
and —additives  are
manufactured, had reason o com-
plain about the waste gases emitted
by the production facilities. That is
now history, In the summer of
1992, the Henkel subsidiary put its
bioserubber into operation - a
waste gas purification plant de-
signed hy Henkel's process
(l{'\'ulnpl.rr.-i to take account of the
company’s special requirements,

At the heart of the plant are innu-
merable —~microorganisms with a
giant appetite.  These  bacteria
regard the —organic odorous sub-
stances in the waste gases as o
choice delicacy, The employees at
Kepec were aware of this in 1988
when, together with Henkel proc-
ess engineers, they began the first
teats in a small pilot plant

Twao years later o start was made on
the constructon of a full-scale
plant. About 30,000 cubic meters
of waste gases can now be purified
each hour. The collected waste

matenials

chemicals

gases ar¢ pussed into a scrubbing
tower and sprayed with a scrubbing
liquid, The impurities dissolve in
the serubbing liquid, which is then
passed into a biological scrubber,

There the microorganisms in the
sludge are waiting for nutrition, They
fall on the scrubbed-oul odorous
substances, decomposing them into
~carbon dioxide and water, while the
purified waste gases are discharged
into  the atmosphere  through a
chimney. However, the permanently

hungry microorganisms cannot live
on dirt alone. To ensure that they do
not lose their appetite they are also
provided with atmospheric oxygen
and nutrient salts, which are added
the sludge in eontrolled amounts,
The bioscrubber at the Kepec
chemicals factory 15 the first in the
Henkel f."iruup. The novel wasie gas
punification plant has been a great
success. This technology can there-
fore serve as a model for other
Henkel companies.

FPrinciple of the bioscrubler; the wasle gases dre
sprayed with a icribber ﬂ.ln'd. in which the adaraus
substances dissolve, The .\'L!'I:M?L'Fﬂm':f 5 blﬂ.’t.l“t.'l'nfm'
rrlgi:m'r'.ur.f il i.'rIl'ileHlMLi):lJ i.}!i.'ﬁ'ﬂ'.

" Ventilator

Drop separator -.
I
Scrubber
Waste gas collector =
pipe {raw gas) :
e --
IGP salt, Binlogical
a0H) scrubber water
;i regeneration
Atmospheric
en |
Circulating pump
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Waste disposal

Wastewater reatrment plant in Malaysia

Two steps
to clean water

The Henkel Group's Prindples of
Environmental and Consumer Pro-
tection state that safety and environ-
mental protection have 1o be taken
into account from the very stant
when new facilities are planned. This
applies to production facilities as well
as the associnted disposal faclities -
and it applies worldwide. The latest
i;,'!ﬁlmplt'.: the wastewater treatment
plant of Henkel Malaysia, where the
same wastewater standards apply as
in Germany. Henkel Malaysia pro-
duces —fatty alcohols, ~fatty acids
and ~methyl ¢sters from renewable
raw materials. About Y00 cubic

The impurities in the wastewater are
reduced ta the level of a few milligrams
per fiter. The threshold values in
Mafaysia are as stricf as in Germany,

Outlet 50

Inlet
Oullet

Inlat
Outlet 6=9

Inlet 2000 = 6000 m/

5000 - 10000 mgA
100 mgd

¢, 3 (after acid separation]

meters of wastewater are produced
on the entire site each day. The
wastewater comes from the various
process stages and contains rinse,
wish and purification water, as
well as all of the rainwater.

Water protection has gained consid-
erable importance in Malaysia in
recent years, Strict offical condi-
tons now ensure that water can
only be discharged after it has
undergone  sufficient  preliminary
trentment or purificabion.

The threshold values are compa-
rable 1o those in Germany: 100
milligrams per liter for —chemical
oxygen demand (CODY, and 50
milligrams per liter for 5-day =bio-
chemical oxygen demand (BOD,).
These two parameters are yard-
sticks for the
wastewater with  =organic  sub-

contamination of

stances and their biodegradability.
The threshold value for otls and
fats from renewable raw materials
15 10 milligrams per liter, The =pH
miist be between 6 and 9, The envi-
ronmental prnh;'r;tinn rl.fquirurnunl.-.'.
and the ﬂxpuriunru Hi!im.'d by Hen-
kel during many years of disposing
of wastewater from applications in
the field of —oleochemistry have
been incorporated in the plans for
the new plant in Malaysia. It con-
sigts of two stages! preliminary cla-
rification, followed by biological
regeneration,

Tiny air bubbles lift particles
to the surface

In the preliminary clarification step,
the wastewater undergoes chemieal
and  physical weatment. The

Henke! Malaysia's purification plant: the bialoyical
wastewsater freatment takes place in an epen

fank. After a number of hours the bactena have
hipdegraded the substances in e wastewater.
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ail/water =emulsion 15 broken (this
process is referred to as acidic emul-
sion breaking), then the oil and
water ar¢ divorced in a separator.
The separated oil 15 recycled into
the production process, and the
residual  water neutralized with
=lime suspension, During the sub-
sequent =flolaton, I!in:y air bubbles
stream  through the wastewater
tank and carry dirt particles to the
surface, where they are skimmed
off, ']'his prm;t,'_-ﬁ for m,.'purnling fine
solids from liquids removes part of
the organic pollution and residual
fat residues before the biological
purification stage,

Bacteria in sewage sludge
need oxygen, too

Biological regencration is  crried
out in an open tank. The tank is
filled with preclarified wastewater,
which is homogencously acrated by
a stream of fine air bubbles entering
at the bottom of the tank. In this way,
the bacteria in the sewage sludge are
provided with the atmospheric oxy-
gen they require for their work,
After a number of hours they have
biodegraded the substances in the
wastewalter, 5o that the organic pol-
lutants are reduced 1o the officially
preseribed level,

As soon as the air stream s cut off,
the sewage sludge setles out. It is
separated, dehydrated and then dis-
posed of, Part of the sludge together
with its bacteria, remains in the
tank, waiting for new wastewater.
The purified water leaves the plant
through an open channel running
toward the sea,

Analytical laboratory checks and
modern instrumentation and con-
trol technology continuously indi-
cate that the permissible threshold
values are not exceeded and ensure
that the new plant operates safely.

Nickal recovery

Doubly purif_iacl_ is
simply better

In aceordance with the latest state
of technology, Henkel uses 2
nickel-containing —=cualyst for the
~hydrogenation of unsaturated
oils, fats and —fatty acids, Only in
this way can the hydrogen be at-
'I.1|:|'||:|:| tia thc dnub]u bonds of the
carbon. During this process (also
known as hardening, because it
causes substances that are liquid or
pasty at room temperature to be-
come solid) a small proportion of
the fatty acid reacts with the cata-
lyst to form nickel soaps,

The Henkel oil facility in the Dils-
seldorf parent plant is therefore
responsible not only for extracting
the highly pure hydrogenated fatty
acids but also for purifying the
associated  ~distillation  residues,
The mckel soaps are dissolved in
sulfuric acld. Previously they had
flowed into a branch stream of the
process wastewater as nickel salts,
and from there they were carried
into the Diisseldorf-South munic-
pal sewapge treatment plant, which
drains into the Rhine (see diagram
on page 29),

Greatly reduced amounts of
heavy metal in wastewater

In late 1992, Henkel ceased to
discharge the unpurified wastewa-
ter branch stream containing the
nickel salts into the sewage treat-
ment plant, A new, automatically
controlled  processing  plant now
reduces the amounts of —heavy
metal to less than a milligram per
liter.

Before the processing plant was
constructed, extensive tests were

carried out to enable all the relevant
physical and chemical factors 1o be
assessed, Process Technology, Pro-
duction, and Engineering  were
involved. The unambiguous result:
the —precipitation reaction is cur-
rently the most suitable and the
operationally safest technology.

The way the plant operates is well
thought out. —~Lime suspension is
added twice to the wastewater,
once in coarse form in an alkaliza-
ﬁun wxne], and once n fine form
in a second vessel, into which the
lime -—suspension is metered, so
that the precipitation reaction can
proceed under uniform conditions.
Poorly soluble nickel compounds
precipitate out during this reaction.

Latest instrumentation and
control technology

Wastewater and  precipitation
product collect in a sludge tank,
From there thcy are ]'.Illﬂl,.‘d Ihmugh
an automatically operated  filter
press. The resulting elear, almost
nickel-free —~filtrate, is continuously
checked for particles before it flows
into the plant sewer, If the filter
press suffers 2 malfunction, a
backup filter iakes over. The nickel-
containing —filter cake ends up ata
=recycling plant, where the nickel
compounds are processed to nickel
suitable for industrial applications.
The new plant ig fited with the
latest control and safety technology.
This means that, if an accdent
oceurs,  the  nickel-containing
wastewater stream will be con-
tained within the plant.

The new plant has sharply reduced
the amount of nickel present in
wastewater. Instead of 2.5 metric
tons, only ten kilograms are now
discharged per vear - another stone
in the mosaic of environmental
prmﬂ'l;inn MEASUTes.
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Waste disposal

Probiem-frae nicxel
Separating
system instead of
complexes

The problem proved too much even
for specialists from notable compa-
nies in the field of wastewater treat-
ment, How do you crick the extreme-
Iy sable -complexes of nickel
and ~ethylenediaminetetroncetic acid
(EDTA) that form in wastewater
and which have as yet proved
impossible to break down with
normal methods? The solution is
ingenious vet simple: prevent the
complexes from forming at all!

Putting this into practice is not as
easy as it sounds. Contaminated
wastewater must be separated in
the plant where it is formed, and
passed through various pipes into
two tanks. The first tnk i3 mainly
for inorganic wastewater, in which
~heavy metals such as nickel are
present; the second is mainly for

At Henkol subsidiary Collurdin in Herborn four tanks,
each with 4 capaaily ;y‘ B0 eubife meters, collect the
purified wastewater. Qnly after thorough analysis it is
discharged into the municipal sewage notwark,
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=organic wastewater in which no
heavy metals are present. The sepa-
rating system has been implement-
ed at Collardin, which has be-
longed to the Henkel Group since
1956,

Iis production plants in Herbom-
Schinbach in Hesse munly manu-
facture products for cleaning,
degreasing, derusting or phosphat-
ing surfaces, lis main customers are
the metal processing industry, the
hcvgmgc induxl‘ry, daries  and
breweries. The demands made on
the company’s produets vary wide-
ly. It's not surprising that Collardin
processes more than 600 raw
materials, including —phosphates,
acids, lyes, —surfactants, perfumes
and metal salts, in order to fulfill its
customers’ requirements.
Wastewaters of widely varied com-
position are produced and their
treatment posed considerable prab-

lems. The nickel ~complexes were:

especially difficult to handle. They
pass through the purification proc-
eqs unchanged. Only 4 combination

of powerful acids and high tem-
peratures can dissolve the extreme-
ly stable bonds and break the com-
plexes into their individual compo-
nents, However, this radical treat-
ment cannot be used for large vol-
umes of wastewater such as those
generated in Herborn, So many
complexes remained in the waste-
water that their coneéentration was
often higher than the officially pre-
seribed threshold values, Unsuccess-
fully treated wastewater then had to
be subjected to special treatment: it
had to be disposed of by specialized
companies at a high cost.

Twao treatment tanks for
individual purification

In 1988, Collardin developed the
separation system, It had to be pos-
sible to integrate existng plam
components into this overall con-
cept. Four years passed before the
two large collector tanks could
receive the first wastewater,

The wastewater flows from the
collector tanks 1o two treatment
tanks. The purification treatment
applied depends on the type of pol-
lution in the water, and may m-
volve @ number of stages, g
=chromate reduction, neutraliza-
tion, and floceulation, The waste-
waler is then passed through a filter
press, The =filirate, whose heavy
metal content 18 now well below
the permissible threshold values,
undergoes strict internal checks
before ending up in the municipal
sewage treatment plant. The —filter
cake 15 disposed of,

Some 50 cubic meters of wastewa-
ter are currently purified in this
way daily, Employees are closely
familiarized with the new process,
so that they can ensure that the
wastewater flows correctly and is
collected properly,
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Environmental data

Sales by region, 1992

Hy customer location

Fedem! Republic of Germany 30%

Rest of Eurape 51%

Oversens 19%

e

400

100

Sales by product sectors, 1992

Chernical Products 26%

Metal Chemicals 5%

Industrial Adhesives/

Technicl Consumer Producs 16%

Cosmeticy/ Thiletries 11%

Detergents/Household Cleansers 32%

Institutional Hygiene 10%

G

88 B8 80

g1

g2

Expcnditurc on environmental and consumer protection

Henkel Group worldwide
in DM million

B Jnvestment
m R&D
m Upﬂulh\g CORLR

Although there has been o
steady increase over recent
years in cxpenditure asso-
cinted with operating envi-
ronmental protecion tquir-
ment, and on research un
development oriented wward
cnvironmental and consumer
pratection, envirenmental
investment jtself has been
fiilbijedt 1o considerable fuc-
tuntion. [t is directly depen-
dent on the implementation of
CONCTete iNvestment measures.
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nitrogen oxide emissions

Henkel parent plant
Dilsseldorf
in thousand metric tons

Total tonmages manu-
factured ar Ditkeeldord-
Huolthsiisen

2326

!.ll?

i
8%

Henkel parent plant, Dilsseldor?
in metec ons

8 Sulfur dioxide (580,
B Nitrogen oxides (NOy)

The emissions are largely caused by the
power plant and the water glass
factary tsce diagrams on pages 27 and
330, The mensures taken there o
rediice =+ sulfur dioxide and = nitrogen
oxides have lowered = emissons
considerably.

Compared with the emission values
stated in the Environment Repont
1992, there has been 2 switch from the
plnn values of on emission reduction
program (o the nctual emissions in
aceordance with emission declaration
regulations.

* Provisional value; at the time of going

1o presg Aot all data had been fnnlly
evaluated,
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Environmental data

Emissions of organic substances and dust
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92

Henkel parent plant, Dilsseldarf
in metric tans

B Orpanic substances

8 Dust {ncluding aerosols, as acrosals
are difficult to distinguish from dust
with the available measuring technia-
lesizy)

During recent years it proved possible to
schieve considerable reductions in

= emissions of =+ organic substances by
means of numerous individual measires,
For example, local waste gas {ncineration
units were installed for ndhesives pro-
duction and the prindng shop. In other
{ncilivies, odor-intensive waste gases were
eollected with the help of pipeline systems
and incinerated in the Himkel powir
plant. The reduction in dust emisdons up
to 1987 i lut ly attrbutable 1o the
dedusting of all water gloss furnaces.

8 2

§
50 91 g2-

Power plant of the Henkel
grent plant, Dilsseldor!
n million kilowait-hours

* Provisional vilues; at the thine of going
10 press not all data had been finally
evaluned. The provisionnl emission
vilues for 1991 published in the Environ-
mental Report 1992 were corrected after
ihe final evaluation

The Henlkel power plant oper-
ates an the principle of heat-
und-power copeneration. Steam,
after passing through the tur-
biriet 1o generate electricity,
Illn\'lﬂ.ﬁ hent to the production
ines. Cogeneration is much
mare cfficient in ferms of
energy utilization than simple

power generation,



Sulfur dioxide and nitrogen oxide emissions from the Henkel power plant, Diisseldorf
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Switching to low-sulfur fuels has
resulted in a congiderable decrense n
~ sulfur dicgide —~ emissions since
1984 A funther drastle reduction has
= been achieved since 1991, when the
E = flue gas desulfurizition plant came
on line, == Mitrogen oxide ¢missions
hove been reduced since 1985 by the
step-by-step introduction of the
HEREMO process, The special firing
& = wehnology lirgely prevents the formation
8 of nitrogen oxides, so that subscquent
denitrification medsures are unnecessEry.
The drimatic decrease in sulfur dioxide
@ in 1992 s uur‘ih";wklfx l\i“; the n-!h utting
down of a edal-fired boller unit
ol 8
i * Provisional values; ot the time of going
ﬂ 10 press not all dita had been finally
eviluatad
8B a5 a0 q] uz*

in metric 1ons

m Subfur dioxide G,
| Nirogen oxides (NO,)

Dust emissions from the Henkel power plant, Diisseldorf

a0

i

B3 90 9l

g3+

in mewnc tans

The reduction in dust emissions
in recent years is anributable o
shutting down an old boiler unit
and ta dust separation in the
flue gas desulfurization plant.

* Privialanal valiic: at the tme
of going 1o press not all data
had been finally evaluated.



Environmental data

Wastewater
§ Henkel parent plant,
Disseldor
- 8 g ..81 in cuble meters per da
| = per. day
8 = a x| {yearly averges)
20000 § 2
R
=
15000
10004
Diaily wastewater volume, ex-
cluding water from atmo-
:hrrk r:ﬁipimunm.
Henkel has o eompletely mixed
5000 sewage system. Atmospheric
precipitation water, cooling
wirter, prodcess water and water
fram non-industrial achivitics are
jointly discharged nnd fed inw
the Diisseldorf=South municipal
0 sewnge reatment plant.

(e B3 84 85 86 87 88 89 G0 91

COD and sulfate loads in wastewater

Henkel parent plant, Disseldorf

-5 in metric tons per day
i 7 {yearly sverages)
m = = = ® Chemieal Owygen Demand (COD)
B Sulinte
5 8 ., 8 2
o =
g 3
Because Henkel, as an indirect discharg-
er, feeds its wastewater mio the Thissel-
20 dorf-South municipal sewage treatment
plant, the given -+ COD loads do not
© i find their wily into the environment.
i Studies in model sewage treatment
plants have demonsirated that some 90
= percent of the COD load is eliminated,
10 o == Sylfates are formed when sulfuric acid
< o " o 3 o o is neutealized, They are not eritieal from
= ~ i an envirofimentil pnlm of view, but in
high concentrations they atinck concrete
sewnge pipes. However, such critical
concentrations are not found in Henkel
0 wilslewinter,
(Emj a3 84 BE 86 87 B8 85 50 a1 52
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Nickel and AOX loads in wastewater
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Copper and chromium loads in wastewater
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Ohher = heavy metals = especially ecologically suspect cadmium and mereury -
at the Henkel parent plant in Dilsseldorf

Henkel parent plant, DHisseldorf
in kilograms per day
tyoarly averages!

B Mickel
B AOX*

Mickel {5 used as a = eatalyst in some production
processes and traces of it "leach” into the waste-
water. As a resull of specific process changges, the
nicke] losds have been considerably reduced In
recent vears. The nicliel = precipiaton unit that
came on stream in lnte 1992 will bring about a
{urther deciense.

The = AOX load has been considerably reduced
by measures which include less relianie on ¢hlori-
nated =+ solvents

"Dt have omly been recorded since 1986

Henkel parent plant, Dilsseldorf
in kilograms per day
{tyearly avorages)

m Copper
® Chromium®

Copper and chromium are used as solid
= catnlysts in the = hydrogenation of
= fatty acid methyl esters. Traces of
lhl:rn are *leached” inio the wistewiter,
ueific proess improvements brought
!:mu a reduction of water pollution by
chromium in recent yenrs.

* Mo comparable chromium data
available before 1989,

e fol used of progessed in the producton holibes



Environmental data

30

Waste (excluding recoverable resources)

Henkel parent
lanst, Ditsseldord
&0 = thousand metrie
[; tons
i
40
2
30 a
20 i
— —
Comparable statis-
tics, with a distine-
10 tion drawn between
wastes and recover-
able pesources, were
nol complled vearly
d until 1955,
Gy 79 B0 87 g1

Residual substances, 1992

Henkel parent plant, Dilsseldorf

"Thial residunl substances:
67 913 matrle tons

Hesidual substances for recycling;
50 744 metric tons (74.7%)

Waste for dizgposal:
17 169 matric tons (25.3%)
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Noise immission trend

Henkel parent plant,

Lussaldor

Odor immissions, 1992

Northwest MNarthaast

Southwast ' Southizast
Pl

Lines indicating the same
noise level of 50 decibels (A)
arond the Henkel parent
plant, Disseldar.

u (987
® 902

Digtance between grid lines
200 meters

A comparison of the years
1987 and 1992 shaws that
noige redustion mMeasures in
production units have improved
the noise situation around the
parent plant. The noise level of
50 decibels (A) i comparable
with d normal conversation in a
T

Representation af the results
of 40 inspections of 19
measuring poinis each in the
vieinity of the Henlel parent
plant, Disseldord.

no odor

viry slight odor
weall adar
defiihe odo
measuring point

foil B B

Number and location of
measuring points-depend
on the buili-up area
around the pling,

In by fur most instances no
odor was detected. Strong to
extremely strang odors were
not detected during any of the
mspeetions,



Environmental data

Reportable industrial accidents
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w Industry
Himkel parent plani,
" Dibsseldorf
Environmental protection and ocou-
8 & i 3 0 pational safety are closely linked in

; the chemical industry, In the same
wary thit facilities with a high sund-
ard of environmental protection
have high safety sta the
snvironment-conscious and safety-

& @ =] consclous mtitudes of employees
e b=t} ﬂ = o ~ result from the same positive
n A 2 approach to these themes,
* At the ime of going 16 press, no
gures were available from the
Federation of Worker's Compensa-
tion Insurances and the Worker's
Compensation Insirance of the
Chenical Industey,
BS 86 B7 a8 89 0 81 &

per thousand employces

B Federation of Worker's
Compenaation Insurances
B Waorker's Com tion
urince of ﬁmnﬁﬂl

Sources: Henkel dnd BG Chemie

Environmental protection courses
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Henkel parent plant, Dilsseldorf
Employees with environmental protec-
tion training

Sinee mid-1990, employees have under-
gone training with regard (o company-
specific and plant-related environmental
questions, The target groups include,
primarily, all emplayees in production,
workshops and laboratories. In addition,
discussions of environmental pratection
and safety are held at least twice yeirly,
For many years, environmental protec-
tion seminars, which are apen o all,
have been held in the context of ad-
vanced training, und monogerial person-
nel hiave been able to attend special ad-
vanced ralnlng courses on environmen-
1l subjects.



Water glass production
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Henkel parent plant,
Diisseldorf

in thousand metric fons

Dust and nitrogen oxide emissions from water glass production
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Henkel parent plant, Disseldorf
in metric tons

8 Dust
m Mirogen oxides (NO,

Dedusting equipment was installed
between 1985 and 1987 for the
purpose of reducing dust = emis-
sions from waler J.am prosduction,
The precipitated dust s not disposed
of as waste but is returned to the
production cycle. Until now, it has
only been possible to limit the

= nitrogen oxide emissions from the
water glass furnace by improving the
firing technolopy, It is planned 1©
reduce the nitrogen oxide emissions
from all water glass furnaces in
futire by means of non-catalytic
secondary measures. The preliminary
tests have already been concluded.

* Providonal values; at the thme of
going to press not all dam hod been
finally evaluated.



EnviFonmental data

Solvent consumption in adhesives production

Henkel parent plant, Dilsseldosf
in metric 10ns per year

M B Chlorinated hydrocarbons
B Aromatics
8 Aliphatic hydrocarbons
&000 8 (nher solvents (e.g. aleohols, esters)
6000
4000
Years of intensive efforts aimed at finding substi-
2000 tutes for == m'gnl:llt "mlw:rjlu have b 1t about
considerable savings, espeally of the criieally
rogarded = aromatic and chlorinaed solvents.
Beenuse not all adhesive sysiems can be switched o
an aquents hasts, consumption of some of the less
0 eritical solvents has increased in some cises,
@) 85

Consumption of chlorinated hydrocarbons

Henkel parent plant, Diisseldor!

i in MelHe lons per year

B B Cermany

® Outside of Germany

: &
I &
! NE
4000 E
3000
2000 §
= —
§ Inerease outside of Germany attributable
1o the sequisition of ather companies,
1000 £ the acquisition in 1990 of the largest
British manufacturer of pluldlng agents,
which contain = chlorinated hydroair-
ﬁ h bons, n.nd_the purchase of a Hung_u.rinn
I s company in 1991, Targeted substitution
a m meanires have been started,
fi] 90 91 92
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Environmental monitoring - surfactants in the Rhine
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Environmental monitoring - boron and phosphate in the Rhine
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Mensuring site;
Pisseldorf-EHimmelgeist
in grams per second

tyearly averages!

B Anionic surfactants
B MNoentonle suelactams

Since 19588 Flenkel hos girried out
systematic analyses of the concentration
of ~ arionic — surfactnts in the Rhine and
ita major tributaries - long before gov-
ernment inspection bodles ook up this
theme. These nnalyses have impressively
demonstrated the success of the switch,
in 1964, from poorly degradable to
readily biodogradable = surfactants,
Sinee that time, the degradability of the
surfuctants has been steadily improved.
As o result, and also as a result of the
construction of sewage treatment plants,
the surfactint pollution of the rivers has
been reduced sull further, After the
introduction of — nonlonic surfactants
o o large seale, in 1972 the analyses
were also extended o incude this
product group.

Measuring site: Dilsseldorf-Himmelgeist
in grams per second

{yearly averages)

B Phosphate ealculated oy phosphorus)
B Boron

For many yeirs, detergents used 1o con-
Lite —= plmplmm, which formed bonds
with witer hardness elements. Phosphates
from this source made a major contribus
tion to the phosphate pallution of bodies
of water, Reduced-phosphate detergents
came ot the market from 1980, and by
1989 Henkel had switched to phosphate-
free formulatdons for all of lis ‘!:tﬂmnm
in Germany. These measures, together
with the introduction of the third purificas
tion stige in sewage treatment plants,
have considerably reduced the phosphate
Pdl lution of bodies of water, Boron ix also
neluded in detergents, in the form of the
bleaching agent sodium perborate. The
introduction of bleach activators improved
the efficiency of the sodium perborate, so
that lower amounts eould be used,
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Environmental data

Detergent dosages, e.g. Persil

Recommended dosage
for normally soiled laundry

250 in water hardness area 111

o
&
i grms
)
= B Normal product
B Coner i 1}
200 LConeentrate (Persi] supral
=
-
150 E
100 & By developing ever more efficient
detergent formulations and
dispensing with fillers and mixil-
tnries i far a5 possible, consider-
50 able reductions have been uchieved
in the recommended detergent
dosage por wash cycle. This
maans that the chemical pollution
of domestic winewiter has also
a3 a6 B 60

0 been rediced,

(s

Packaging matenals

E Average amounts of packaging
utinwrl&lu for detergents ind
a0 @ eleaning agents produced by
Q - Henkel xchn
=; in kilograms per metric ton of
80 E praduect
70
]
50
10
30
20
10
1]
G B4 50 §1 92
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A

Additives Substances that are added

for the purpose of imparting specific
properties w i product,

Algehols Organic compounds whose
moleailes  contmn  an QH-grmp,
This mikes them more soluble in
water than the = aliphatic hydrocar-
bons from which they are derived,

Aliphatic  hydrocarbons Class of
orgmic compounds with malecalir
structures in the form of straight or
branched chaing. Unlike the = pro-

matics they do not contain & benzene
ring

Alkaline Aquepus solution with a
= pH above 7.

Alkyl polyglycosides (APG) New
type of = surfactants, made anly from
matural raw materials such as starch,
sugar and == fatty aleohols,

Anionic eurfactants — Surfactnis
that break down into electrically
charged = ions tn aquenus solutons,
and whose special surfactant prop-=
erties are aftributable to the negatively
charged = anions,

Anlons Negatively charged = ions.

ADYX value Messure of the sum of the

arganic halogen (especially chlorine
compounds in wastewaler,

Aroma chemicals Raw materials for
the manufacture of perfumed ails
These perfumed oils sometimes con-
tiin up to 100 aroma chemicals,
whose combined action reslts in the
chamacteristic odor of the perfumed
oil

Audit Technical term for review or

hearing,

Aromaties Class of organic com-
pounds derived from benzenc. The
characteristic structural feature of s
molecules is the hexagonal benzene
ring,

Biochemical  oxygon  demand
(BOD) Measure of the sum of the
biodegradable organic pollutants in
wastewister, The BOD is the amount
of oxygen conmimed by = microor-
ganiams when they degrade these
pallutints,

Carbohydrates Mawrally occurring
vegetable raw materials. Examples of
cirbohydrates are sugar, sareh and
cellulose,

Carbon dioxide Guscous

combustion product of oll = organic

submtances that contain carbon, ;
Carbon dioxide contribiutes D
considerably 1o the greenhouse

effect. The main source of carbon

diosddde s the :uplnlmtkm of fossil

row materials such as coal and

mineral ail imainly for energy

production or vehicle traffio),

Catalyst Specal substance that
necelerates a chemical resction while

itself remaining unchinped.
Catiang Positively charged = jons,

Chamical oxygen demand [COD)
Mensure of the sum of all = orginie
substnnees in wastewater, The COD
indicates how much oxygen is
needed to oxidize these substances
completely.

Chiorinated hydrocarbons
= Halogenated hydrocarbons that
cantain chlorine.

Glossary of chemical terms

Chiorofluarocarbons [CFC) Mon-
woxde, non-fammable = halogennted
hydrocarbons that contain fluorine
and chlorine. They damnge the
ozong layer,

Chromate Spedial salis of the metal
chromium, which are used mainly
foor surface treatment of metals and
for tnning leather. The presence of
chromates in waktewater s regarded
as especially critical, and they
therefore alwiva have to be
converted 1o less eriticn] chromiom
compainds

Colloids Systems in the transition
zone between —* dispersions or
“emikions and geniine solumons,
In colloids, the particles are so finely
distributed that they annot be
recognized with the naked eve,

Complexes Higher order
eompounds, including those of

= heavy metals, which are often
characterized by considerable
stability ond excellent solulsility in
wiler.

Disporsion Finely diswibuted solid
particles in water.

Distillation Process for splining and
purifying liquids by vaporizng and
subsequently liquefying the vapar,
Liguids with different boiling points
cain be upnmu;] by distillation.
Imturitics remain in the distillation
residue.

Eloctrolysis Decomposition of
dissolved and melted sbstanaes,
especially salts, with the help of a
direet current. Used, for example, 1o

extract very pure copper from
solutions of copper salts,

Emissions Gascous, liquid or solid
substances that enter the atmosphere
from industrial production plasts,
motar vehicles with internal
combistion ﬂﬁnu. domestic
heating systems or during the course
of other indusirial processes.
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Emulsifiers Substances that support
the formution of siable = emulsions,

Emulsion Dispersion of fine drops of
i liguid in imother lquid, for
example water in ol

Enorgotic oxplaitation Explaiting
the energy content of residues and
wastes, Enerpetic exploitation cn
take the form of direct incineration
of wastes, of materials with a high
ailoric vilue cin be sorted out for
Inter incinermntion.

Eators Widely varied clss of
compounds formed by reactions
betwisen dbeohiols and aeids, Esters
are not only valuahle siarting
inaterinls for chemical syntheses but
aree also used for a lirge number of
applicntonal purposes.

Ethylenediaminatetraacotic acid
[EDTA) Mirogen-contiining organic
compound that reacts with = heavy
metals to form very stable = com-
plexes, Used in metal tremment,

Fatty acid astors Producis oblained
when == ity acids renct with
“*aleahols. The best known fatty acid
cxters are the natuml oils and s
Chther fany acid esters are
intermediate and end products in the
widely branching field of
oleachemistry.

Fatty acid mathyl esters = Fauy

acid exters with = methanol;

imermediate product in the a
manufacture of = fatty aleohals,

Fatty acids Class of subsuinces thi

are found - bonded to glycerin - in

all vegetable and animal fats and oils. H
Imponant saning materials for '
numerows oleochemical dervatives.

Fatty alcohol sulfates [FAS)
Important group of = surfactants
based on = fauy alcohols.

Fatty aleshols Long-chuin
== alcobols, which Henlel obiains

from = fatty acid methy] esters or

directly from fats by reacting them
with hydrogen = hydrogenation).
Fatty scids are impmn nt riw
materials for the manufactore of
LT TLRTHON

Filter cake Solids left on the flter
after filiration,

Filtrate Clear liquid freed from solid
matter after having passed through o
filter.

Flogeilation Proces for removing
finely dispersed solid paricles from a
liguid. The fine solid particles
agplomerate, forming larger flocs that
can be casily removed from the
wallor,

Flotate Solid particles carried 1o the
surface with the air bubbles during
= [lotation, The flote ain sib-
sequently be removed.

Flotation Process for sepamiting fine
salid particles selectively from others
in liquids. Air is blown into the
ligquich, o that air bubbles atuich
themselves to the selected solid
purticles - e.g, plgments from
printing inks - and Girry them to the
surfnee of the lguid, where they ean
b skimmed off.

Flue gas desulfurization plant [t
that removes sulfur disxide from the
flue gis of power plants, furnoces,
(515

Gravure printing Printing proces in
which the printing areas are below
the non=printing surfiice of the
eylinder,

Halogenated hydrocarbons
Organic solvents that have lost their
combustibility as a result of having
had halogens Hluoring, chlorine,
bromine, iodine incorporated inmn
their molecular structires by chemical
means. This means that they are safe
1o handle, but this advintage is offset
by numerous disadvantages with
respeat 1o health proteation and
environmental profection,

Hoeavy metals Metals with a density
grenter than 4 grams per cuble
amtimeter, Beciuse many heavy
metals and their compounds are
wide and environmentally
hazardous, they are the subject of
eritteal mienton. There are, for
example, strict limits on the amounts
of heavy metals in drinldng water
and foed, arable soil, and wastewater
dischurged into sewage treatment
pilnnts or bodies of water,

Hydrogenation Chemical renction
with hydrogen,

Hydrogen peroxide Liquid wsed as
an oxidizing, bleaching and
disinfecting agent. Hydrogen
peroide s regarded s espedially
advantageous from an
environmental poini of view,
because its decomposition products
are water ind oxygen.

Hyperfiltration (Reverse osmosis)
Heverse osmosks - used 16
comerntrate and ultrapurify
substanees = is cirried out with on
extrenely thin "pore-free”

= membrane, through which water
and a few solvents can only fass At
high pressure 20 o 100 bar). As
they pass through, dissolved
substanors such as salts and larger
molecules are held back. Reverse
oamnivits i suitable for extracting
potable water from sea water, and
for obinining extremely pure water
isuperpure waterh,

Immisslans Action of smosphetic
pollution, noise, vibration or
mdiation on people, animals, plnnu
or orbjects,

inhibitor Substances that inhibit or
prevent an undesirable process ifor
e.urn-ple gorroaon inhibitwoes),

lang Electrically charged particles,
ereated when certidn substances
dissolve in water.

Lime suspensian Lime suspended in
witer.



M Mambrana Thin films or shects,
usually of plastics or natural
products, whose pore structure
permits liquids and small particles to
pass through while larger particles
are held back, This effect is exploited
in = membrane filiration,

Mambrana filtration P'rocess for
removing very finé particles or even
dizsolved substances from solutions.
0n the basts of the pore diamerer
and the dependent particle size, o
distinetion is drmwn between three
membrane filiration processes;

= microfiltration; == ulrafiltation;
== hyperfillration.

Matabolites Intermediate producs
when substances are degraded or
dmm]mwd by blologienl or other
action, The metabolite tes is used o
test whether substanees are
completely odegradable,

Mathanel Simplest compound in the
group of substinces known as

= alcohols. Toxde, Mummable,
readily biodegradable liguid, which
is miscible with water.

Methyl esters Psers that conualn
= methanol as their = aleohel com-
ponent -+ fatty acid methyl esiers,

Micrafiltration Microfiltration is an
inermedinte between conventional
filiratian and — ultrafiltration
techniques, [t is used for npplimr.h:m
in which substances have 1o be
separated or conditioned. A very
thin = membrane with pore
dimensions between 0.1 and 1.0
mierometers is used, (A micrometer
is a thausandth of a millimeter. By
mn\jmr{mn, a hiilr has nn average
diameter of 100 micrometens,)
Membrane openings of this size
erable undissolved substances and
collaids to be removed from
solutions, while dissolved sulstinees
can pass through with the = solvent.
Microfiliation can be used, for
example; to remove baderia and
yeast from solutions, a process
kenawn as “sterile filtration,”

Microorganiams Microswopelly
small organisms, for example
bacteria,

Malecular welght Measure of the
muias of 0 molecule.

Hitrogen oxides Compounds of
nitrogen and oxygen, formed for
cxample from atmosphene nitrogen
during all combustion processes. [n
arder 1o keep the atmosphere clean,
the permissible concentration of
aitrogen oxides in exhaust gas s
limited,

Manlonie surlactants Gmup of
=+ surfuctants that do not form

= lona In Aqueous solutions and
are surface-active in both aad and
alkaline environments.

Qlecchamicals By analogy t©
petrochemicls, collective term for
mclustrial ehemicals based on aatural
ails and fatz.

Organie substances Sulsuince
whose characteristic main clements
are carbon and hydrogen. Crrganic
stibstianees oocur naturally, but cin
also be manufactured synthetically,
for example from coal or mineral oil,

pH A measure of the basic (alkaline,

acidie or neutral charneter of aqueous "
solutions. pH 7 is neutral; alkaline '
solutions have a pH greater than 7;

acidic solutions have a pH lower

thin 7.

Phosphates Salts of phosphoric acid.

They are essential plant nutrients,

but their presence in too high aon-

centrations in bodies of water can ;
eaise over-fesiliztion 5
{eutrophication). The main sources of
phmphmn i bodies of waner are

faeces and fertilizers, The phosphates

that were previously present in

detergents can now be repliced,

Palyethylena Plasic manufnctured
solely from ethylene, Used for
consumer articles and packaging
materials.

Polymars Substances that are
eomposed of a large number of
rup-:nmd bhasic units, for example
plastics,

Polyurethana Plastic with on
extremely wide range of specifically
adjustable applimtional praperties;
for ndhesives, sealants, foams,
molded articles and many other
applications.

Pelyvinyl acotate Plastic usually
manvifactured in the form of a
ﬂdlapﬂs{nn and used, far ﬂumplﬁ.
as adhesive

Preaipitation flocculation
Combined process for the
physicochemical removal of
dissalved substances from water, The
dissolved substances are first
precipimted out of the wastewater
(= predpitation reaction), then the
precipitated fine solid particles
agglomerate 1o larger flocs that can
casily be removed from the water.

Praclpltation reaction Chemical
reetion in an pgquecus sokition,
involving the formation of an
ins0luble reaction product that ks
precipitated out of the water.

Rocaiving water Waters into which
wastewater is discharged, [n onder 1o
prevent receiving water from

becoming polluted, wastewater musi

usually undergo suitable prior
purification.

Recycling Heuse of old mmerials,

Solvants Substinces in which high
concentrations of other substances
an b dissolved. Often understond
to refer only to arganie solvents,
although water is frequently wsed as
i solvent.

Stabilizor Additive that increnses the

resistaney of products 1o extornal
influences such as heat, light and

atsnospheric oxygen,
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“Stirfall* harardous incldent
Disturbance of normal operations, as
a consequence of which a specific
substanee @n cuse serious danger,
either immediately or later, asa
resilt of events such ns major
emissions, fires ar explasions,
{Definition in line with the German
hazardous incidents arder )

Sulfates Salts of sulfuric acd

Sulfur dioxide Gaseous combustion
product of sulfur and its compounds.
Beiuse sulfur is present in coal and
fuel oil, sulfur dioxdde §s present in
tht flue gases of these produds, In
onder 1o lkeep the atmosphere clean,
this sulfur dioxide must be removied
in flue gos desulfurization plants,

Suspansion Dispersion of finely
distributed solid pardeles in o liguid,

cg ~— lime suspension.

Surfactants Surfuce-active
substances that reduce the surface
tenwion of water,

Uitrafiltration Ulraflliraiion is
suitable for applicaions where
siibstnnces have o be conditioned or
concentrated, The == membine
surfaces have small pores through
which dissolved subsances with low
molecular weights - for example salts
- nnd the soluton isell can pass.
Substances with a high molecular
weight and undissolved substances
are held back, Ultenfiltention s
carried out at low pressure 2 1o 10
barl, The membrines are permealile
to substances between 0,005 and
0.05 micrometers. A well-known
cxample of an ultrafiltration
membrane Is the artficial kidney
(dinlyxis),

Viseealty Measure of o substance's
resistance to flow, Substanoe: with a
hkgh viscouity flow with difficulty,
whercas substances with a low
viseosity flow rendily.

Wator hardness roperty of water
amsaciiied with s content of calcium
and magnesium = jons, Water
hardness is expressed in millimale
por biter (mmol/D, Soaps form
calcium and magnesiom salts in hard
water, ond ay i sesult they lose thelr
washing power. Gilcium soap is
formed, and this not only leaves
ring in washbaying bul cases saing
on fabrics and imparts a rancid adar
tis them,

Watting agents = Surfnetnts
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