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CONSERVATION - HEADFRAME FRIEDRICH-WILHELM (KEGEL) IN TSUMEB, NAMIBIA



TOWN AND LANDSCAPE: TSUMEB STAMPED BY ITS MINING HISTORY; SHAFT 1 (BLUE FLESH)
Screenshot Google Earth Oct. 2019

LOCALISATION OF SHAFT 1, FRIEDRICH WILHELM
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HEADFRAME MAKE PROMNITZ,  FÖRDERGERÜST TYP PROMNITZ, BEFORE CONSERVATION.

SHAFT 1, FRIEDRICH WILHELM – NAMED IN HONOUR OF SOUTHAFRICAN DIRECTOR OF OTAVI F. W. KEGEL 1922-32  
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De Wet Shaft 

NIMT, NAMIBIAN

INSTITUTE OF MINING AND

TECHNOLOGY

Foto Frautschy 2020

POWER PLANT PALL 1
Halle 1 des Kraftwerks 

PULLEY WHEELS ON PLATFORM

Seilscheiben, -bühne
WORK IN PROGRESS, NOV. 2020

ENGIN HOUSE, DRIVING WHEEL

Fördermaschinenh., Treibscheibe

SITUATION AROUND SHAFT 1, DE WET SHAFT IN BACKGROUND

during conser-
vation process

HTW Berlin, BAM Berlin, Dundee Precious Metals, Museum Tsumeb: all rights reserved 4



SITUATION AROUND SHAFT 1, NAMIBIAN INSTITUTE OF MINING AND TECHNOLOGY, NIMT

VIEW FROM PLATFORM: TECHNICAL EDUCATION, NIMT, IN FORMER HOUSE OF THE DEPUTY OF MINE [„STEIGERHAUS“] - DURING A BREAK
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VIEW FROM PLATFORM: Power plant hall with added constructions - power machines from different periods and countries; Maschinenhalle 

mit angefügten Funktionseinheiten, Sicht von Friedrich Wilhelm Fördergerüst mit Aggregaten aus unterschiedlichen Zeiten und Ländern.
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SITUATION AROUND SHAFT 1, POWER PLANT HALL
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shaft

VIEW FROM PLATFORM: DISTRICT OF FORMER BENEFICIATION OF THE ORE; OPEN PIT IN BACKGROUND
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SITUATION AROUND SHAFT 1, BENEFICIATION OF THE ORE
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PRELIMINARY RESEARCH HTW 2018 – MAY VORUNTERSUCHUNGEN 2018 -MAI

GETTING FAMILIAR WITH THE FRAME: SUR-
VEY, MAPPING, SAMPLING AND REPORT OF

DIFFERENT CONDITIONS AND PARTS. 

TESTING TRANSPARENT CONSERVATION

METHODS: WHICH TEST AREAS WOULD

OFFER THE MOST RELIABLE RESULTS? 

CORNERS OF THE FRAME MID OF THE SHAFT CHOSEN

FOR LONG TERM EXOPSURE: TEST AREA CLEANED AND

COATED WITH MICROCRYSTALLINE WAXES. 

8

ACTIVITIES AND ACHIEVEMENTS - 16 DAYS, 5 PERSONS, FINANCED BY HTW: 
COMMUNICATION, COOPERATION, DOCUMENTATION, SAMPLING STEEL QUALITIES + CORROSION PRODUCTS, PLANNING CONSERVATION : 

- MULTIPLE DISCUSSIONS ON CULTURAL VALUES FOR LOCAL, NATIONAL + INTERNATIONAL PEOPLE OF AUTHENTICITY; CONCEPT/IDEA OF CONSERVATION.

- MEMORANDUM OF UNDERSTANDING WITH DUNDEE PRECIOUS METALS; COOPERATION WITH TSUMEB MUSEUM; PROMOTION BY HERITAGE COUNCIL OF NAMIBIA.
- CONSERVATION PLANNING: PROF. RUTH KELLER (CONCEPT), DIPL.-REST. D. LINKE, MA (CONSERVATION METHODS), R. JASSMANN, MA CANDIDATE + 2 STUDENTS: 

CONDITION REPORTS (PHOTOGRAPHY, MEASURING, DRAWINGS, SAMPLING STEELS) + CALCULATION (EXPANSE OF STEEL DEGRADED, LOCAL PRICES).
- JENS FRAUTSCHY, DIRECTOR TSUMEB MUSEUM: 1. REGIONAL COMMUNICATION, 2. MONITORING THE RESULTS UP TO SEPTEMBER 2019 (BY VISUAL COMPARISON).



2018 FINDING POSITIONS TO TEST TRANSPARENT COATINGS IN ARID CHANGING WITH HUMID CLIMATE; OVERVIEWS (UPPER), DETAILS (LOWER) PICTURE SERIES. 
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PRELIMINARY RESEARCH HTW  2018 VORUNTERSUCHUNGEN 2018

9



METALLURGY AND CORROSION PROTECTION

SHAFT #1 HEADFRAME AND ADJACENT COMPONENTS

Current Considerations for a Cultural Heritage Corrosion Protection Project

Thomas Boellinghaus

I.    Introduction
II.   Key questions
III.  Preliminary 

Working program
IV.  Working Program
V.   MSc & PhD theses
VI.  Conclusions
VII. Perspectives

Copy out of presentation of 

Prof. Dr. Thomas Böllinghaus, 

Lecture at HTW Berlin, 21st Jan. 2020 © Böllinghaus

PRELIMINARY RESEARCH BAM-HTW 2019  AUG.– OCT. (BAM - FEDERAL INSTITUTE FOR MATERIALS TESTING AND RESEARCH)

IMPORTANT FOR SUSTAINABILIY AND SUCCESS OF THE PROJECT: COOPERATION WITH BAM, BERLIN: 

• TESTING ORIGINAL AND CONSERVATION MATERIALS ON HIGH SCIENTIFIC LEVEL, AHEAD + AFTER REALIZATION OF THE CONSERVATION WORK.  

• SUPERVISION OF MEASURES IMPROVING STABILITY OF THE FRAME BY DISTANT COMMUNICATION AND TRANSFER OF DETAILED PICTURES; FOR SAFE OF

SECURITY AND LASTING STABILITY DISTANT CONTROL WILL HAVE TO CONTINUE FOR MANY YEARS: DOCUMENTATION UNIT IN TSUMEB NEEDED.
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PRELIMINARY RESEARCH BAM-HTW 2019  AUG.– OCT. 

TESTING OWATROL OIL COMBINED WITH UV-ABSORBER TINVUIN® 900 1% AND SCAVENGER (RADIKALFÄNGER) TINVUIN® 292 0,5% . RESULT:

NO USE OF THIS COMBINATION OF TINUVIN!         EVEN THOUGH RECOMMENDED BY THE MANUFACTURER THE MIXTURE CAN NOT BE USED. 
STUDIES WITH OTHER COMBINATIONS ARE ESSENTIAL FOR THE LONG-TERM CONSERVATION OF INDUSTRIAL HERITAGE. 

Source: Böllinghaus, invited lecture HTW, Jan. 2020
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PRELIMINARY RESEARCH BAM 2006 - 2019

Changing condition of headframe shaft 1 in Tsumeb – documented by Böllinghaus

Fotos Böllinghaus 2006-2019Source: Böllinghaus, invited lecture HTW, Jan. 2020

12
HTW Berlin, BAM Berlin, Dundee Precious Metals, Museum Tsumeb: all rights reserved  



Source: Böllinghaus, invited lecture HTW, Jan. 2020

PRELIMINARY RESEARCH BAM-HTW 2019  AUG.– OCT.

WORKING PROGRAM – USED STEEL PROFILE

13

ALONG THE RAMP NOT ALL CORROSION PROBLEMS HAVE BEEN ACCESSIBLE AND SOLVED;
FURTHER RESEARCH IS INTENDED IN COOPERATION HTW-BAM. 



Conditions Parameters Expected Output

Metallurgy of used steel 

profile

As-delivered Microstructure

Hardness measurement and correlation to strength

Grain size and type

Chemical composition

Steel type

Corrosion layer types (magnetite?) and thickness

 Publishable and documented high quality 

metallography

 Identification of the steel type and basic 

mechanical properties

Origin of the steel types (?)

Comparison/Extension of the HTW database 

Type of corrosion products

Type of coating

Potentiodynamic and 

potentiostatic

measurements with and 

without coatings

(Flat specimens 5x5 cm, 

perhaps 2x2 cm) 

Condensed rain 

water (simulated)

Sweep rate 2 mV⋅s-1

Rest potentials

Electrochemical impedance (=corrosion resistance) 

Coorsion/pitting potentials

threshold potentials (?)

for the pure material, 

for the Owatrol-coated material

for the Owatrol+Tinuvin-coated material

 Corrosion resistance of the uncoated versus the 

coated material before weathering

 Compatibility of Owatrol and Tinuvin under

corrosion conditions

Weathering 2000 h

(Flat specimens 5x5 cm,

Perhaps 2x2 cm)

Simulating as close 

as possible the real 

environmental 

conditions 

(UV+Humidity)

Visual inspection of the surface for 

- Degradation of corrosion layer types

- Degradation of coatings

with respect to scratches, defoilation, etc.

Stability of Owatrol under realistic climatic conditions  

Compatibility of Tinuvin with Owatrol

Effect of Tinuvin to enhance the UV stability of Owatrol

Comparison to the pure material

Potentiodynamic and 

potentiostatic

measurements of the 

weathered specimens with 

and without coatings

(Flat specimens 5x5 cm) 

Condensed rain 

water (simulated)

Sweep rate 2 mV⋅s-1

Rest potentials

Electrochemical impedance (=corrosion resistance) 

Coorsion/pitting potentials

threshold potentials (?)

for the pure material, 

for the Owatrol-coated material

for the Owatrol+Tinuvin-coated material

 Corrosion resistance of the uncoated versus the 

coated material after weathering

 Stability of the Tinuvin-Owatrol coating vs. pure 

Owatrol and the uncoated material

 Compatibility of Tinuvin with Owatrol in slightly 

corrosive environments

 Temperature resistance of the uncoated and 

coated material in slightly  corrosive environments 

Samples prepared from a 1m and 60x60 mm angular mild steel bar

- ca.200mmfor metallurgical investigations, includingSEM+EDS for corrosion product analysesonthe as-delivered surface

- ca. 800 mm for about 30 50 x 50 mm specimens for weathering an corrosion tests

- Specimen variance I: 10 uncoated, 10 Owatrol coated, 10 Owatrol + Tinuvin (292+600) coated

- Specimen variance II: 1 Impedance (Nyquist) measurements, 2 non-weathered 20 and 60 °C, 2 weathered
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PRELIMINARY RESEARCH BAM-HTW  FROM AUGUST FORWARD

Source: Böllinghaus, invited lecture HTW, Jan. 2020

PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

WORKING PROGRAM – USED STEEL PROFILES:  REACTIONS TO CONSTRUCTIVE DETAILS

+ INFLUENCE OF WEATHER CAN BE IDENTIFIED.

14



III. PRELIMINARY WORKING PROGRAM WITH USED STEEL PROFILE – SAMPLING (mm) 

Steel type Metallurgy 

and 

mechanical 

properties, 

including 

hardness

Electrochemical impedance, 

potentio-dynamic a´ 3 

conditions 

- Without coating

- With Owatrol

- With Owatrol + Tinuvin

a´ 2 temperatures (RT and 60 

°C) 

(Flat specimens 5x5 cm)

Weathering 2000 h and 

subsequent electrochemical 

impedance, potentio-dynamic a´

3 conditions 

- Without coating

- With Owatrol

- With Owatrol + Tinuvin

a´ 2 temperatures (RT and 60 °C) 

(Flat specimens 5x5 cm)

Remarks

Steel 1 (Structure –

angular profile = 

cross bars?)

ca. 200 mm 1 for each impedance 

measurement x 3 conditions x 2 

temperatures = 6 

1 for each potentio-dynamic 

measurement x 3 conditions x 2 

temperatures = 6

---------------------------------------------

Total 12 specimens

1 for each impedance 

measurement x 3 conditions x 2 

temperatures = 6 

1 for each potentio-dynamic 

measurement x 3 conditions x 2 

temperatures = 6

-----------------------------------------------

Total 12 specimens

Reserve of about 8 

specimens for 

reproducibility, 

perhaps required 

test repetitions and 

slight cathodic 

protection

200 mm: Metallurgy, hardness measurements, chemical composition and preliminary tensile 

testing

200 mm: Uncoated = 8 samples: (1 Electrochemical impedance, 1 Potentiodynamic, 2 Rest potential) 

á 2 Temperatures 

200 mm: Owatrol = 8 samples: (1 Electrochemical impedance, 1 Potentiodynamic, 2 Rest potential) 

á 2 Temperatures  

200 mm: Owatrol+Tinuvin = 8 samples: (1 Electrochemical impedance, 1 Potentiodynamic, 2 Rest 

potential) á 2 Temperatures

200 mm: Reserve

NOTE: If the specimen size is limited to about 20 x 20 mm, the number of corrosion test specimens could be doubled ! 
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Source: Böllinghaus, invited lecture HTW, Jan. 2020

PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

WORKING PROGRAM – USED STEEL PROFILE: IDENTIFICATION OF ELECTROCHEMICAL CHANGES

15
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PRELIMINARY RESEARCH BAM-HTW  AUG. – OCT. 2019

WORKING PROGRAM – USED STEEL PROFILE: DETAILS OF WELL KNOWN + UNKNOWN HISTORIC STEELS ARE SHOWN. 

Source: Böllinghaus, invited lecture HTW, Jan. 2020



PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

WORKING PROGRAM – USED STEEL PROFILE, CORROSION PRODUCTS: HIDDEN DANGERS OR PROTECTION AGAINST FURTHER CORROSION? 

Source: Böllinghaus, invited lecture HTW, Jan. 2020
HIDDEN DANGERS OF LONG TERM STABILITY – HOW CAN THEY BE DETECTED?
VERBORGENE GEFAHREN FÜR DIE LANGZEITSTABILITÄT; WIE KÖNNEN SIE AUFGESPÜRT WERDEN? 17
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PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

WORKING PROGRAM – USED STEEL PROFILE, REPAIR BY WELDING: HIDDEN CORROSION PROCESSES:   HOW DO THEY ARISE IN

WHICH SURRONDING AND ON WHICH STEEL QUALITY?

Source: Böllinghaus, invited lecture HTW, Jan. 2020 18

Hidden dangers: How do they arise and

appear? 

Verborgene Gefahren: Wie entstehen sie und 

zeigen sie sich?
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PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

FUTURE WORKING PROGRAM – USED STEEL PROFILE, REPAIR BY WELDING: FURTHER RESEARCH IS NEEDED FOR THE CONSERVATION

OF TECHNICAL/INDUSTRIAL CULTURAL HERITAGE IN AUTHENTIC CONDITION. 

Source: Böllinghaus, invited lecture HTW, Jan. 2020A research program is about to be applied in this year; 

Observation of the headframe will have to continue for long time. 



PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

HISTORIC OVERVIEW: AROUND THE SHAFT HEADFRAME

Source: Böllinghaus, invited lecture HTW, Jan. 2020

What functions of mining are to be found around the shaft head frame?

© Tsumeb Museum, J. Frautschy 2019
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PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

HISTORIC OVERVIEW: A CHRONOLOGY

BASED ON DOCUMENTS FROM TSUMEB MUSEUM, ON LITERATURE AND, 
AMONGST OTHERS, PUBLICATIONS BY JUDITH FAIT (2019), P.G. SOEHNGE (1967), I. SCHATZ (1997). 
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PRELIMINARY RESEARCH BAM-HTW  AUG.– OCT. 2019

HISTORIC OVERVIEW: HISTORIC AND NEW FOTOS OF SHAFT AND HEADFRAME

First power plant house at the side the headframe


