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water treatment tailor-made
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ChemiCAl ConsumAbles | Water used as raw material and for 

technological processes in the brewing industry is by no means 

chemically pure and undergoes rapid changes in terms of  chemi-

cal and microbiological composition. Depending on hydrogeologi-

cal conditions, compositions of  waters vary, as does the quality of  

natural waters. The fact that water is a good solvent for polar and 

ionic substances with high thermal capacity and heat of  evapora-

tion makes it suitable for many technical applications.

WAter is A speCiAl fluid. To put it pro-
verbially: “Water is inseparable from life and 
without water, no life is possible” [1].

Chemical composition of  water compo-
nents differs from one location to another, 
as do the specific requirements applicable to 
any one brewery. An individual treatment 
concept for every hydrophilic system is 
thus required, even though some common 
characteristics exist. Waters used have to 
be treated and handled in such a way that 
negative impacts on the operation in ques-
tion are excluded and commercial factors 
are taken into account.

Operation of  modern power and refrig-
eration plants is often affected by chemical 
and microbiological problems associated 
with the water circuit, e.g.:

 ■ corrosion of  metals;

 ■ formation of  deposits such as limestone, 
gypsum, silicates or phosphates;

 ■ microbial growth (bacteria, algae, fun-
gi).
It is thus important to be familiar with 

the fundamental interrelationships in wa-
ter treatment and to adjust the chemical 
mode of  operation in line with operational 
requirements. Intelligent chemical con-
sumables e.g. from the Weicogard product 
series may be used for this purpose, taking 
account of  the ecological, commercial and 
legal requirements of  an individual treat-
ment case.

lboiler water treatment –  
water-steam circuit

Cleaning, disinfection and pasteurisation 
are just a few of  the processes in the brew-
ing industry in which warm water is used 
(fig. 1).

A boiler can be operated only if  the feed 
and boiler water is prepared and monitored 
appropriately in order to ensure safe and re-
liable boiler operation. The German Techni-
cal Regulations for Steam Boilers (TRD), in 
particular TRD 611 “Feed and Boiler Water 
of  Steam Generators of  Category IV” and 
TRD 612 “Water for Warm Water Genera-
tion of  Categories II to IV” and, most recent-
ly, DIN EN 12952-12 “Water Tube Boilers 
and Auxiliary Installations” and DIN EN 
12953-10 “Shell Boilers” contain mini-
mum water chemical requirements that 
have to be observed. In addition, the Associ-
ation of  TÜV e. V. (VdTÜV) (German Associ-
ation for Technical Inspection) and the Ver-
einigung der Grosskesselbesitzer e. V. (VGB) 
(German Federation of  Owners of  Large 
Boilers) issue guidelines relating to the qual-
ity of  boiler feed water and boiler water for 
boiler plants, taking account of  the various 
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Fig. 1  schematic of a water-steam circuit in a brewery



pressure stages. Shell boilers of  
various designs, with operating 
pressures from about 8 to 15 
bar, reflect the most usual boiler 
plants installed in breweries.

lCorrosion and  
schikorr reaction

Feed water quality has to be suf-
ficiently good at all times in or-
der to limit material corrosion 
and corrosion products and 
corrosive foreign matter enter-
ing the boiler.

According to DIN 50900 or 
DIN EN ISO 8044, corrosion 
(Latin: corrodere = to abrade, to 
gnaw to pieces) is an unwanted 
chemical or electrochemical re-
action of  metallic material with 
its environment (here: water 
and steam) that causes a meas-
urable change in the material 
and can lead to corrosion dam-
age [2]. Below is a listing of  the 
main types of  water-related cor-
rosion:

 ■ oxygen and standstill corro-
sion;

 ■ erosion corrosion;
 ■ warm water and hot steam 

oxidation;
 ■ stress corrosion;
 ■ pitting corrosion;
 ■ on-load corrosion.

Prevention of  corrosion 
damage is of  the utmost com-
mercial and ecological impor-
tance. Being familiar with and 
able to influence the so-called 
Schikorr reaction to magnet-
ite (Fe3O4) plays a major role 
(fig. 2).

Corrosion attack result-
ing from the action of  water or 
steam on steel, leading to for-
mation of  iron oxides, can be 
generally limited when a protec-
tive layer i.e. a compact, firmly 
adhering and uniform oxide 
layer develops on the steel sur-
face. The only iron oxide that 
can exist in direct contact with 
metal is magnetite on which ox-
ides of  trivalent iron can grow – 
depending on redox condi-
tions [2]. Such protective layers 
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restrict transport of  corrosion 
products to pore diffusion and 
reduce the area available for a 
reaction between steel and wa-
ter or steam, thus minimising 
material removal (protective 
passivity layer).

Conventional degassing 
(removal of  oxygen), either en-
forced (e.g. thermally in the feed 
water vessel) or by means of  so-
called “chemical degassing”, 
protects against corrosion.

Brewers to-date use non 
steam volatile sodium sulphite 
for chemical bonding of  oxygen; 
this reacts to sodium sulphate in 
the presence of  oxygen and does 
not influence the Schikorr reac-
tion.

When using Weicogard-B 
200 and B 201 on the basis of  
neutralised ascorbic acid, it is 
possible to achieve very rapid 
bonding of  oxygen on the one 
hand and passivation of  the 
metal surface as well as forma-
tion of  a desirable protective 
magnetite layer on the other 
hand. These consumables are 
recommended for complete 
all-round protection (chemical 
degassing and conditioning) 
in boiler water treatment, also 
when steam gets into direct con-
tact with food, as components 
are FDA listed. According to 
TRGS 608 (German Technical 
Rules for Hazardous Substanc-
es), ascorbates are approved as 
hydrazine replacements for use 
in steam boiler plants.

lparameters in the  
water-steam circuit

Analytical monitoring is imper-
ative in all operations in order 
to quickly recognise deviations 
from standard operation and, if  
necessary, take chemical coun-
termeasures. Representative 
sampling and analysis is recom-
mended so that chemistry of  
the water circuit and that of  the 
steam circuit can be monitored 
with improved accuracy (fig. 3). 
The most important chemical 
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parameters in the water-steam circuit are:
 ■ pH;
 ■ alkalinity (acid uptake capacity);
 ■ conductivity (direct conductivity/acid 

conductivity);
 ■ oxygen;
 ■ hardness (sum of  alkaline earths);
 ■ phosphates;
 ■ silicic acid;
 ■ iron and copper;
 ■ sodium;
 ■ carbon dioxide;
 ■ organic substances.

lboiler cleaning using an  
online process

Formation of  deposits in the boiler system is 
undesirable; this has two main reasons:

 ■ boiler efficiency is significantly reduced 
due to non-uniform heat transfer;

 ■ overheating of  the flues (> 480 °C) leads 
to pitting corrosion that may result in 
damage to the flues.
All deposits in boilers reduce heat trans-

fer. The extent depends on the conductivity 
of  the substance. Figure 4 shows the values 
of  thermal conductivity of  the most impor-
tant substances. Scale formation is mainly 
due to:

 ■ inadequate water treatment;
 ■ failure of  hardness removal or osmosis 

unit;
 ■ corrosion products resulting from inad-

equate boiler or condensate treatment;
 ■ inadvertent inflow of  raw water;
 ■ phosphate overdosing.

Deposits in boilers are conventionally re-

moved using acid. The acid is circulated for 
several hours or days, depending on boiler 
volume, thickness of  the deposit layer, com-
position of  deposits and temperature. Boil-
ers are treated when idle. Acidic cleaning 
has disadvantages:

 ■ high degree of  corrosion;
 ■ difficulties in removing deposits;
 ■ no boiler passivation;
 ■ the waste solution needs to be neutral-

ised and disposed of  (disposal costs);
 ■ chemicals used for cleaning are hazard-

ous and can harm health.
Weicogard-B 400 cleans in an online 

process using a polymer-based solution that 
is highly effective against limestone, iron 
oxide and silicate deposits. The specific poly-
mers act as complexing agents and disperse 
the deposits.

In the course of  time, deposits are dis-
solved out and formation of  new deposits 
is avoided. Old deposits are removed by 
desludging. During the initial weeks of  
treatment, the desludging water can be 
very hazy. This indicates that the cleaning 
process is progressing as intended. In online 
cleaning, removal of  the various deposits 
takes 6 to 12 months, depending on thick-
ness of  the layer of  deposits and incrusta-
tions. The process has advantages:

 ■ effective removal of  deposits;
 ■ boilers need not be switched off;
 ■ treatment costs not high;
 ■ simple treatment and handling using a 

single chemical.

lCooling water treatment

Water is used as a refrigerant in different 
units in breweries. Design of  the various 
cooling systems (open and closed cooling 
water circuits) calls for different specifica-
tions in the cooling system and different 
methods of  cooling water treatment. Water 
treatment necessary for assuring optimum 
cooling water quality is the centrepiece of  a 
cooling tower facility that operates without 
any upsets [3] (fig. 5). 

The most important specifications appli-
cable to modern water treatment for cooling 
systems are listed below:

 ■ elimination of  biofilms and pathogens;
 ■ prevention of  mineral deposits;
 ■ corrosion protection;
 ■ cost efficiency.

The quantity and type of  microorgan-
isms and their origin as well as water treat-
ment are responsible for growth of  micro-
organisms. The microbiological situation 

3 Fe → 3 Fe2+ + 6 e-

2 Fe2+ → 2 Fe3+ + 2 e-

8 H2O → 8 H+ + 8 OH-

8 H+ + 8 e- → 4 H2

Fe2+ + 2 Fe3+ + 8 OH- → Fe3O4 + 4 H2O

3 Fe + 8 H2O	 →	Fe3O4 + 4 H2O + 4 H2

A protective magnetite layer in water is formed by oxidation 
from Fe to Fe(OH)2:

Fe + 2 H2O → Fe(OH)2 + 2 H+ + 2 e-

At high temperatures, Fe(OH)2 is immediately oxidised further 
in accordance with the Schikorr reaction:

3 Fe(OH)2 → Fe3O4 + 2 H2O + H2

Fig. 2
build-up of a protec-
tive layer by schikorr 
reaction
Source: VGB  
PowerTech e.V.

Monitoring as a func�on of cleaning stages

make-up water feed water tank boiler hot steam turbine/
user

co
nd

en
sa

te

Con�nuous: 
direct conduc�vity
Regularly: 
Water analysis: 
pH, conduc�vity, chloride, 
o-phosphate, acid capacity 
pH 4.3 and 8.2, calcium, 
magnesium, total hardness, 
calcium hardness, iron, 
silicon, total 
phosphate (PO4)

Con�nuous: 
direct conduc�vity 
(or acid conduc�vity)
Regularly: 
SiO2

Con�nuous: 
• direct conduc�vity
• acid conduc�vity
• oxygen (during 
  O2 dosing) 
Regularly: 
• SiO2

• analysis of water &
  copper if required

Con�nuous: 
• direct conduc�vity
• acid conduc�vity
• pH if required
Regularly: 
• SiO2

• water analysis 
  if required 

Con�nuous: 
• acid conduc�vity
Regularly: 
• SiO2

Con�nuous: 
• acid conduc�vity
• organics/DOC 
  if required
Regularly: 
• water analysis &
  copper if required
• SiO2

Condensate cleaning facility, if required 
only par�al flow treatment

Fig. 3  useful minimum extent of analytical monitoring 



Cleaning and disinfeCtion | Knowledge | BRAUwelT inTeRnATionAl

may change considerably in some cases. 
In addition to fungi, protozoa and algae, 
numerous types of  bacteria of  different 
genera are often detected. These may also 
be relevant in terms of  epidemic hygiene. 
Some of  them are not even known or typed 
in microbiology. An enormous variety of  
microbiological compositions exists and 
detection of  critical microorganisms in 
cooling waters is difficult using cultures. 
From this it follows that it is a complex un-
dertaking to measure the effectiveness of  
biocides in terms of  inactivation (killing) 
and detachment (cleaning) of  biofilms 
from surfaces in cooling systems. 

Microbiological pollution in cooling 
water systems caused by legionellae is cur-
rently the subject of  very in-depth discus-
sions on the part of  legislators and vari-
ous research institutes, in co-operation 
with industry. Operational findings of  the 
respective microbiological status quo are 
determined in many places in order to for-
mulate approaches to facilitate disinfection 
that can be translated into practice.  Typical 
water bacteria having a pathogenic poten-

tial (opportunistic pathogens) can colonise 
biofilms in cooling water systems, such as 
e.g. legionellae, atypical mycobacteria or 
Pseudomonas aeruginosa. These cannot al-
ways be killed off  with standard cleaning 
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and disinfection processes because the mi-
croorganisms are embedded in a slimy ma-
trix of  extracellular polymeric substances 
(EPS) and are thus protected against bioc-
ides [4].

In recent years, first attempts were made 
to research the molecular and genetic basis 
of  biofilm development in detail (with the 
focus on Pseudomonas aeruginosa) [5]. How-
ever, many scientists feel that the biofilm 
phenomenon has not yet been adequately 
addressed.

Extensive research is still required in or-
der to obtain detailed information on pur-
poseful cleaning and adequate killing of  mi-
croorganisms. Important questions have to 
be addressed such as formation of  biofilms, 
adherence to a surface, propagation and in-
ternal cohesion of  bacteria, components of  
EPS, diffusion into the gel matrix and com-
munication in the biofilm.

However, the EU Regulation on Biocidal 
Agents and Biocidal Products (Regulation 
(EU) No. 528/2012) has an almost counter-
productive effect: development of  novel and 
intelligent agents for combatting unwanted 
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biofilms is overregulated. As a consequence, 
known and proven agents and biocidal 
products are in danger of  being no longer 
usable whereas intelligent and novel agents 
become unmarketable.

lFighting biofilms

In the industry, biofilms testing positive 
for legionellae in cooling systems are in-
creasingly disinfected with chlorine diox-
ide alone. It is known that chlorine diox-
ide
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 – compared to chlorine – can penetrate 
biofilms better. However, it should be ques-
tioned whether chlorine dioxide alone can 
kill and detach the microorganisms because 
chlorine dioxide reacts with organic mate-
rial (e.g. ESP) and corrosion products pre-
sent. This reduces the effect of  disinfection 
considerably [6].

From a present-day perspective, so-called 
combination processes should be employed 
for fighting biofilms [7]. This is defined as 
use of  one or several biocidal agents in com-
bination with a so-called biodispergator or 
biodispersant. Weicogard-T 910 e.g., a bio-
cidal product on the basis of  a highly effec-
tive activated bromide compound in com-
bination with a biodispergator, can induce 
very potent hygiene protection (detach-
ment and killing) in cooling water systems. 
Its effectiveness is about 30 - 40 percent 
higher than that of  conventional oxidising 
biocides. It is effective against aerobic (le-
gionella) and anaerobic bacteria, algae and 
fungi. As T 910 acts as a dispersant, the bi-
ocide penetrates even existing thick micro-
biological deposits, kills them and removes 
them. The following aspects are important 
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Fig. 5  schematic of a cooling water system Source: EMEC Deutschland GmbH

for cooling water treatment in open systems 
(evaporative condenser and cooling tower): 
in open cooling systems, in particular in 
evaporative condensers, galvanised steel is 
mostly used. In most instances, a protective 
layer of  zinc is applied to the steel surface 
that is not protected but attacked (removal 
of  zinc). Numerous non-ferrous metals 
such as aluminium and copper are sheeted 
in many cooling systems. These elements 
are in most instances not analysed when 
taking stock of  a system. Thus, products 
providing protection for non-ferrous metals 
are generally not used. Development of  nov-
el products that take account of  the Langeli-
er Saturation Index (LSI) makes it possible to 
have considerably higher concentrations in 
cooling water circuits, resulting in a signifi-
cant reduction of  water consumption. ■
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