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By means of a generic risk-based approach and a test 

setup derived from this, it is shown that the danger resulting 

from rouging for products and patients may be regarded as 

slight. 

resulting from derouging actions must also be considered in the 

overall assessment.

described tests and practical experiences in rouging formation 

Part 3 of this article describes test and practical experiences 

gives a summary of the results and assessment (Part 1 to 3).

Tests and Practical Experiences

Cleaning Methods

a

which has been exposed to rouge-forming conditions (see part 2 

The following results were found:

 The rouge coatings present were completely removed from 

the tank surface (see Figure 1c).

Figure 1c).

 The measurement of the arithmetic average height Ra by 

compared with the initial condition.

rouging was observed (see Figure 1d).

at the end of the test was subjected to pH-neutral derouging 

found in this case:

 The rouge coatings present were completely removed from 

the tank surface (see Figure 1f).

 The time needed for pH-neutral derouging was very much 

shorter than the time required for acid derouging.

compared with the surface condition after acid derouging  

(see Figure 1f).

 The dark discolorations that the hot sodium hydroxide solution 

clearly visible after derouging (see Figure 1f).

The comparison of the two derouging methods can be summa-

derouging variant

 No change of the tank surface by the pH-neutral derouging 

solution

 High selectivity of the pH-neutral derouging solution toward 

surface loads due to rouging)

The surface conditions of the test tank before and after the 

respective derouging method used are illustrated in Figure 1.

The derouging solutions used in derouging were quantitatively 

of corrosion products (rouge) formed per unit time and surface 

area under the CIP and SIP conditions employed here.

which amounts of rouge will be formed under the given conditions 

completely removed and transferred into solution by both 

loads due to rouging on the basis of the metal concentrations 

of the derouging solutions used as well as the known tank 

operations.
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-3 kg/(a*m²) 

(kilograms per year * square meter) for the acid derouging and 

3.56*10

surface load determined for acid derouging therefore represents 

a worst-case value for any calculations of rouge ingress that may 

be carried out.

The value for the pH-neutral derouging is lower approximately by a 

layer but also from the base metal itself. The metal concentrations 

listed in Table A illustrate this circumstance.

mounted in the test tank while it was undergoing acid derouging 

and were then investigated as regards their weight change.

The resistance of the test plates to an acid derouging solution 

solution C) is illustrated in Figure 2 on the basis of the measured 

the greatest change toward a matt surface and also exhibited 

the most pronounced weight loss due to the derouging solution. 

loss or visually perceptible changes of the material surface 

(surface condition illustrated in Figure 7 in part 2).

The surface changes as well as the weight losses of material 

to etching attack caused by the acid derouging chemicals.

Above and beyond the derouging of the test tank with acid and pH-

understanding of the chemical and physical mechanisms during 

cleaning with phosphoric acid or a combination of phosphoric 

acid and sodium hydroxide solution. A particular goal was to 

investigate acid CIP in order to appraise its suitability for removing 

extent to which phosphates are formed on the rouged material 

surface due to such a treatment.

cleaning by means of phosphoric acid and sodium hydroxide 

solution and a further test plate was used as the rouged reference 

as an additional reference. This permitted a direct comparison 

non-cleaned material surface.

The cleaning with phosphoric acid comprises the following 

treatment steps:

  

  

Chromium 364.06 0.54 1.28 0.06

Iron 1535.90 2.68 12.90 0.60

46.65 1.08 0.09 0.07

Nickel 250.29 0.21 2.50 0.09

Manganese 27.30 0.07 0.13 0.06

Total 2224.20 4.58 16.90 0.88
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2. Intermediate rinsing with PW at room temperature

perceptible surface changes could be observed on the rouged 

test plates in comparison with the non-cleaned test plates (see 

particularly obvious that the iron oxide content in the cleaned test 

plate is much smaller than that of the non-cleaned test plate in the 

down to a depth of 90 nm.

The chromium oxide peak of the cleaned test plate is much 

broader than that of the non-cleaned test plate. In both test 

approach a distribution corresponding to the alloy composition.

Phosphating of the cleaned test plate was discernible only on the 

but even at small sputter depth it was no longer detectable 

initial condition could not be restored by cleaning with phosphoric 

acid.

Steel Surfaces

is often asserted that derouging of pharmaceutical systems does 

not cause any change of the electropolished surface condition.

Two independent approaches were followed to check this thesis. 

solutions on already rouged surfaces.

Part 1: Non-rouged Test Plates

electropolished. No rouge is present on the test pates.

Positions to be used for repeated investigation by means of the 

carried out respectively at the beginning of the test and after 

solutions. No repassivation is carried out between two cycles.

Table C lists the derouging solutions used. These correspond to 

the various state-of-the-art derouging solutions currently used in 

the pharmaceutical industry. One derouging cycle includes the 

steps listed below:
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1. Cleaning (degreasing) with isopropyl alcohol/water (70/30)

2. Complete immersion in the derouging solution at the 

temperature indicated in Table C for six hours

The corrosion rate was calculated after 15 cycles (Figure 5). For 

0.001 mm/a.

The small corrosion rate of neutral solution D compared with the 

acid derouging solutions is therefore consistent with the results of 

while at the same time causing less material removal.

The metal surfaces before and after the 15 derouging cycles 

electropolished surface was changed only slightly by the treatment: 

defects and grain boundaries are still clearly discernible. In the 

grains are attacked so intensively that it was no longer possible 

grains are completely removed (Figure 10b). The surface exhibits 

matting.

present on the metal surfaces.

the sample most severely attacked by solution E (Figure 11).

solutions.

Part 2: Rouged Steel Samples

corrosion rate or rate of material removal at various temperatures 

is investigated by means of various acid solutions. Pipe samples of 

The acids or acid mixtures that were used are shown in Table D.

The pipeline to be investigated was cut apart longitudinally and 

samples of approximately 2.5 × 5.5 cm were prepared from the 

(cleaning ability) was estimated from an optical comparison with 

the untreated sample.

An attempt was made to determine the cleaning ability by means 

to evaluate the obtained spec-

tra quantitatively. The cleaning 

ability was therefore estimated 

only visually.

rouge coating could be com-

pletely removed only by 30 mi-

3
 

under these conditions was 

5349.15

5348.87

0.28

0.000052

A pH < 1 approx. 70°C

B pH < 1 approx. 70°C

C pH < 1 approx. 70°C

D approx. 70°C

E pH < 1 approx. 30°C
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rouge coating.

be observed after the various acid treatments. For 

The conducted investigations show that only 

that it causes. All other chemicals exhibited slight 

material removal during the derouging process.

measurement has very limited or no suitability for 

a meaningful assessment of the possible surface 

changes due to derouging solutions.

Test to Determine the Degree of Rouging by 

Color Measurement

method proves to be highly subjective. An objective 

measuring technique would have the advantage of 

being able to express the subjective color perception 

assessment scale for rouged surfaces could be 

an objective estimate of the degree of rouging and 

therefore of the success of derouging actions. In 

color model. This model covers all visually perceptible 

thus spanning a Cartesian coordinate system in 

three-dimensional space. From these three color coordinates it 

A triplicate measurement was made for each measuring point. 

with increasing rouging through dark-gray and yellow to an 

intensive red hue.

technique is not suitable for a completely objective appraisal of 

the degree of rouging:

DIRUNEUTRA – process and cost optimisation 
thanks to neutral pH derouging

Ateco Tobler AG
Weidenweg 17 
CH-4310 Rheinfelden
Fon +41 61 835 50 50 
Fax +41 61 835 50 55

www.ateco.ch

Before cleaning … … visibly clean afterwards

A patented proprietary development by Ateco Tobler AG

Visible advantages at a glance:
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values for surfaces in the initial condition and for surfaces with 

of the discolorations should be measured.
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Summary of the Results and Assessment

listed in Table 7 from Part 1.

Conclusion

show that rouging does not cause any risk to product safety. 

No evidence was found that the water quality in a WFI system 

many years of study. The requirements of the pharmacopeias 

were always safely complied with.

can be made for dealing with rouging in pharmaceutical produc-

tion:

 Rouging within pharmaceutical production should be moni-

are due to rouging and not to other kinds of surface changes. 
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 In the case of rouging in systems having direct contact 

considered if any signs appear of a reduction of cleaning 

detected with certainty.

the surface quality is not negatively impaired by derouging.

 The derouging procedure should be set forth in local 

instructions.

preferred over acid-based solutions.

 The success of derouging should be demonstrated on the 

and/or visual investigations.  

Glossary

API

 active substance)

CIP Cleaning in Place (usually with hot NaOH solution)

Carry Over Entrainment of impurities into the next batch or into a 

 subsequently manufactured product

EDX

el.pol.

EMEA European Medicines Agency

ESCA Electron Spectroscopy for Chemical Analysis (also known as 

ICP-MS Inductively Coupled Plasma-Mass Spectrometry

mm/a Millimeters per year

PW

RD

REM

 (Raster Elektronenmikroskop)

Rouging Denotes both the surface color change due to oxidative corrosion

 products of corrosion-resistant steel alloys as well as the process

 by which these corrosion products are formed

RT Room Temperature
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