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Derouging of discoloured sterilisation chambers  

Supporting device value  
conservation 
Stainless steel surgical instruments tend to discolour if 
they are frequently sterilised with steam when being re-
processed . Even brand-new instruments being reproces-
sed for the first time can exhibit such discolouration .

The cause is often assumed to be silicate deposits from 
the ultra-pure water used in the sterilisation process, ho-
wever the transfer of flash rust from the steriliser to its 
contents is an obvious culprit, especially in the case of 
sterilisation chambers that already have reddish disco-
louration .

Incredibly, even the high-quality stainless steel surfaces 
of sterilisation chambers develop reddish discolouration 
caused by corrosion, a process known as «rouging», sin-
ce they are exposed more frequently to the harsh sterili-
sation conditions than the instruments they are used to 
reprocess . After considering this phenomenon, we pre-
sent the patented «derouging process» below for remo-
ving rust under gentle conditions and for passivation and 
renewing sterilisation chambers .

Derouging of discoloured 
sterilisation chambers  
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Derouging of discoloured sterilisation chambers  

Surgical instruments can exhibit various 
types of surface change due to incorrect 
handling after use or during reproces-
sing, as well as due to inadequate wa-
ter quality . The «Red brochure» from 
the AKI [1] provides a summary of the-
se . However even with correct handling 
and reprocessing, mechanically stressed 
areas such as joints found on scissors 
can be exposed to the risk of corrosion 
when the protective «passive layer» on 
the stainless steel surface is damaged . 

This problem can present in individu-
al areas in the form of pitting, through 
fretting corrosion or as a result of laser 
marking .

Rust on stainless steel 
The role of the passive layer

If, on the other hand, corrosion phen-
omena occur over a large area, e .g . as 
reddish discolouration in ultra-pure 
water systems, distillation columns and 
pure steam systems or in chambers of 
steam sterilisers, they are referred to as 
«rouging» . The reddish-brown coatings 
(«rouge») are iron oxides and hydroxi-
des of varying degrees of oxidation [2] . 
Depending on temperature, pressure 
and availability of oxygen, FeO, Fe2O3, 
Fe3O₄ or FeO(OH) are formed [3] .On the 
one hand, the rouge itself acts as a kind 
of passive layer . On the other, in sterili-
sers with a heavy rouge coating, there is 
a risk that during the harsh conditions 
generated during sterilisation (vacuum, 
overpressure, water vapour-saturated 
atmosphere) the rouge will also transfer 
to the medical devices being sterilised .

If the protective passive layer is damaged,  
the stressed areas are exposed to the  

risk of corrosion .

«

«Extensive, reddish  
discoloured corrosion 

phenomena are referred 
to as rouging . »
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Normally, steriliser chambers are made 
of high-quality stainless steel . These 
are typically austenitic chromium-ni-
ckel-molybdenum steel alloys with tita-
nium stabilisation (material No . 1 .4571 
or AISI 316 Ti) and a high chromium 
content of approx . 17 .5% by weight [4] . 
With a minimum chromium content of 
≥10 .5% by weight and a carbon content 
of ≤1 .2% by weight, the passive layer 
provides sufficient protection against 
corrosion to be able to be described as 
«stainless» according to DIN EN 10088-
1: 2005-09 [5] . 

The functioning of a passive layer can 
be easily understood using the examp-
le of the passive layer on aluminium . 
Since aluminium itself is a relatively 
«base» metal, i .e . it easily oxidises spon-
taneously, it forms a protective alumi-
nium oxide layer on the surface which 
protects the base metal from further 
oxidation (corrosion) . In the case of steel 
however, it is the alloying elements 
chromium (Cr), nickel (Ni) and molybde-
num (Mo) that oxidise easily and form a 
protective layer of metal oxides on the 
steel surface . While the passive layer is 
relatively thick in the case of aluminium 
(up to 400 nm), its thickness in the case 
of stainless steel is only a few nanome-
tres (approx . 1 .5-5 nm) . The thickness, 
quality and corrosion resistance of the 
passive layer of steel is determined by 
the weight proportions of the various 
alloying elements chromium (Cr), nickel 
(Ni) and molybdenum (Mo) [6] . 

Passive layer 1,5–5 nm

Stainless steel

Aluminium

Passive layer  400 nm

Rust on stainless steel
The role of the passive layer

The passive layer of stainless steel, 
which can be compared to tooth 
enamel, consists of the alloying 
elements chromium, nickel and 
molybdenum . The metallic alloy 
underneath corresponds to the 
dentine . 
The passive layer is formed by the 
reaction of the metallic chromium 
on the surface of the stainless steel 
with oxygen from the environment 
and is only 1 .5 to 5 nm thick .

Comparison of passive layer
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Rust on stainless steel
The role of the passive layer

So far, the exact mechanisms of corro-
sion inhibition by the passive layer of 
stainless steel have not been fully exp-
lained . However, experimental data has 
produced various scientific theories [6]: 
there is evidence that the iron oxides 
and iron hydroxides contained in the 
passive layer, as well as chromium, ni-
ckel and molybdenum oxides, act as a 
bi-directional, bipolar barrier (Fig . 1, Fig . 
2) . On the one hand, a cation-selective 
layer of molybdate anions exposed to 
the medium prevents aggressive halide 
anions (such as chloride from saline so-
lution) from migrating in, while the un-
derlying anion-selective layer of chro-
mium oxide prevents iron cations from 
migrating out to the surface [9] . 
Recent studies confirm the structure of 
the passive layer with an upper layer 
rich in iron and manganese oxide and 
an inner layer rich in chromium oxide 
[7] . The exact mechanism of depassiva-
tion by chloride ions is still the subject 
of debate . 

Figure 2 
Schematic representation of the bipolar passive layer model 
(after Chung et al . [8])
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Figure 1
Model of the passive layer on stainless 
steel (modified after Wang et al . [7])
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Accelerating the formation of a passive layer  
with chemical processes

Under atmospheric conditions, the pas-
sive layer on steel forms spontaneously, 
but very slowly, through oxidation of the 
alloying elements Cr and Mn [11] . Howe-
ver, the passivation process can be ac-
celerated considerably by using chemi-
cals . The oxidation of the chromium and 
molybdenum atoms can be supported 
by oxidising agents such as nitric acid 
or hydrogen peroxide . Free iron ions can 
be removed by using iron-binding che-
micals such as phosphoric or citric acid, 
which can also increase the chromium 
content in the surface . The concentra-
tion of the oxidising agent significantly 
influences the success of the passivation 
[11] .

If only an iron-binding chemical, such as 
citric acid, is used for passivation, free 
iron is effectively brought into solution 
and retained, but the formation of the 
chromium oxide layer is slow due to 
oxidation by oxygen in the air . Oxidi-
sing agents such as nitric acid, but also 
hydrogen peroxide, accelerate this oxi-
dation process and the build-up of the 
passive layer . Ultimately, a combination 
of both chelating and oxidising proper-
ties is required for the rapid build-up of 
a high-performance passive layer .

The passive layer should not be considered as a static layer;  
it is continuously influenced by the environmental conditions and  

is in a dynamic equilibrium between degradation of the layer («de-passivation») 
and its reconstruction («re-passivation») . 

[10]

«

»

The concentration of the oxidising agent  
influences the success of the passivation . [11]

«
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Impairment of the passive layer 
and influence of steam sterilisation 

The passive layer can be damaged by 
the application of mechanical force, 
such as instruments colliding with each 
other, which exposes the base metal 
of the instrument to unprotected cor-
rosive environmental conditions at the 
damaged points [12] . Similarly, mecha-
nical surface treatments such as sand-
blasting, brushing or welding attack the 
passive layer and promote corrosion,

depending on how much the steel sur-
face has been treated .

Therefore passivation after surface tre-
atment significantly increases the re-
sistance to corrosion . However, it is not 
just the surface finish that influences 
corrosion resistance, but also the quali-
ty and processing of the stainless steel 
itself . It has been shown that non-me-
tallic impurities in the steel alloy pro-
mote corrosion, which may be related 
to incomplete formation of the passive 
layer [8] .

Another mechanism that can destroy 
the passive layer of a stainless steel 
surface is influenced by the stainless 
steel structure: under mechanical 
stress, displacements can occur wi-
thin the material in areas known as 
persistent sliding bands which can in 
turn cause a crack in the passive layer, 
which ultimately becomes visible as fa-
tigue corrosion [13] .

Rouging occurs over a large area, as 
opposed to localised corrosion phen-
omena . Rouging promotes depassiva-
tion under the conditions found in the 
steam steriliser . A major cause of this 
is that hot water vapour, which, due to 
the high temperature has no or only a 
low oxygen content, comes into contact 
with the stainless steel in the overpres-
sure environment and prevents pas-
sivation . Very pure water is also used 
for steam sterilisation (according to  
EN 285), which, due to its purity, fa-
vours the dissolution of ions from the 
stainless steel, such as chromium chlo-
ride ions from an already attacked pas-
sive layer . High temperatures also en-
courage the diffusion of iron atoms to 
the surface . The pH of the water influ-
ences the relative solubility in water of 
Fe2+ and Fe3+ ions and this in turn influ-
ences the ratio of the various resulting 
iron oxides and hydroxides, and there-
fore the colours of the deposits [14] .

Passivation after surface treatment  
significantly increases the resistance  

to corrosion .

«
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Depending on the origin and chemical composition, there are different categories 
of iron oxides on stainless steel surfaces that can be removed with varying degrees 
of ease [15] . On the one hand, there is the possibility that flash rust has been in-
troduced upstream in the system . This can usually be easily removed by wiping . 
On the other hand, bluish-black, poorly soluble magnetite (Fe3O₄) layers, which are 
primarily found in high-temperature steam systems, can usually only be removed 
with complex abrasive mechanical processes . In steam sterilisers, adherent corros-
ion products (likely to be primarily haematite, Fe2O3) are usually found which have 
developed in situ due to a damaged passive layer . These are removed using ab-
rasive methods such as sanding, electropolishing and pickling or with a chemical, 
non-abrasive derouging method [4] .

Mechanical removal of rouge, as well as the use of concentrated inorganic acids for 
pickling and electropolishing, requires enclosure of the steriliser due to the metal 
abrasion and aerosols produced, which significantly impairs the operation of the 
central sterilisation unit . The passive layer is also damaged by mechanical proces-
ses, which can promote the reappearance of rouge and make chemical passivation 
necessary . As an alternative solution, in Borer Chemie AG‘s patented derouging pro-
cess, iron oxides are removed from the rouge layer without the underlying stainless 
steel being etched by strong acids or parts of it being removed mechanically or 
electrochemically .

In Borer Chemie AG‘s 
patented derouging  
process, iron oxides  

are removed from the 
rouge layer without  

the underlying stainless 
steel being etched by 
strong acids or parts  
of it being removed  

mechanically or  
electrochemically .

«

«

Derouging of steam steriliser chambers
and the influence of steam sterilisation 

Derouging of discoloured sterilisation chambers  

Impairment of the passive layer 
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Derouging of steam steriliser chambers
and the influence of steam sterilisation 

Poorly soluble iron (III) oxides (Fe2O₃) 
are reduced to sodium sulphate and 
bivalent iron (FeO) with the reducing 
agent sodium dithionite at approx .  
70 °C . This can be dissolved as a  
water-soluble iron (II) oxalate dihydra-
te by binding as Fe2+ to oxalic acid as 
the complexing agent and rinsed away 
from the surface (Fig . 3) . Derouging is 
carried out in a closed steriliser using 
the circulation method, doing away 
with the need for enclosure . The im-
pact on the operations of the central 
sterilisation unit is then merely the  
«outage» of the autoclave for one day . 
The removal of the iron oxide is followed 
by chemical re-passivation in order to  
accelerate the build-up of the protecti-
ve layer of chromium oxide on the sur-
face .

Figure 3 
Derouging involves the following steps: 
After preparatory work (manual pre-cleaning, e .g . removal of adhesives / glue, 
generation of an oxygen-free protective gas atmosphere, alkaline pre-cleaning 
and subsequent neutralisation), the three key steps of derouging are carried out: 
Using a reducing agent, poorly soluble iron (III) oxides are converted into iron (II) 
oxides, which can be dissolved and rinsed off thanks to their complexing with 
oxalic acid . After derouging, passivation takes place .

1. Reduction

Na2S2O2

3 H2O

NaHSO4

2. Complexing

3. Passivation

Fe2O3

FeO

H H

H

H
Fe2+

H2O2

Derouging of discoloured sterilisation chambers  
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Conclusion

Even at the procurement stage for me-
dical instruments, the material and 
manufacturing qualities influence their 
corrosion resistance in the use and re-
processing cycle . Damage to the passive 
layer, as can happen in everyday clini-
cal routines, are neutralised by periodic 
chemical passivation which can signifi-
cantly extend the life of the instruments . 
Thus, repair costs can be reduced and/or 
the need for replacements is eliminated 
or delayed .

Corrosion phenomena in steam sterili-
sers and ultra-pure water systems, on 
the other hand, are a naturally occurring 
process that is difficult or impossible to 
prevent and can be counteracted by pe-
riodic derouging .

Discoloured steam steriliser chambers, 
look like new after a derouging process 
(Fig . 4), which also minimises the risk of 
transferring rouge and contaminants to 
the instruments .

Figure 4:
Example of a steam steriliser before and after derouging .
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Corrosion phenomena in steam sterilisers are a  
naturally occurring process that is difficult to prevent .  

This can be counteracted by periodic derouging .

«

Derouging of discoloured sterilisation chambers  

Derouging of steam steriliser chambers
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Borer Chemie AG
The specialists in cleaning and disinfection

Competence and innovation – worldwide
We have been researching, developing and manufacturing 
products in Switzerland for demanding applications in the 
fi eld of cleaning and disinfection since 1965 . Our deconex® 
and decosept® branded products are used in the industrial 
sector, in hospital hygiene, in laboratories, in the pharma-
ceutical sector and in hand and surface disinfection . We 
distribute our products worldwide through a network of 
subsidiaries and distribution partners .

Highest demands on the reprocessing of medical devices
For all healthcare facilities, the health and safety of patients 
and staff is paramount . Our deconex® product portfolio is 
synonymous with superlative cleaning performance and 
maximum protection of your investment . In-depth process 
expertise, closeness to customers and a comprehensive 
range of services from basic cleaning and passivation to the 
derouging of autoclaves and customer-specifi c product and 
application training round off our range of services .

The Borer Competence Centre: 
the only one of its kind in the world of reprocessing
In our test and training centre at our headquarters in 
Zuchwil, we offer our customers and partners training pro-
grammes tailored to their needs in the fi eld of application 
technology . This includes application tests on different 
types of washer-disinfectors with process chemistry of their 
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Disclaimer
The information above is based on the present status of our knowledge . It does not, 
however, constitute any guarantee of product characteristics and does not establish any 
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