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POST- ELECTROLYSIS CONSERVATION OF AN ENDEAVOUR CANNON

Photo 1.
1.

Cannon at the Australian National Maritime Museum

BACKGROUND

Cannon recovered from the sea are most often conserved by electrolytic
reduction, a process that usually requires a minimum of three years conservation
treatment in order to remove corrosive salts. More than 30 years ago this was the
procedure carried out at the Australian Defence Standards Laboratories (DSL) to
conserve six cannon from Captain James Cook’s vessel HMB Endeavour.
The cannon were mounted on cradles, submerged in an electrolyte, framed by
anodes and connected to a low dc current. During the reduction process oxidized
corrosion products (rust), in the corroded (graphitized) surface layers, was
converted to magnetite, a stable form of iron. The transformation literally reduces
the volume of the corroded material and by doing so it increased the porosity of
the cannon’s surface (graphitized layer). As a result entrapped corrosive salts
(chlorides) can more readily be extracted and move out into the treatment
solution. The negatively charged chloride ions migrate to the positively charged
anodes.
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Diagram 1.

Electrolytic Reduction of the Endeavour cannon

More than two decades after conservation treatment the under-surface of the
Endeavour cannon, (located at Botany Bay National Park, Kurnell in NSW),
cracked and began to spall in two areas. Determined to be a consequence of
corrosion activity, measures were put in place to arrest the problem.
After initial consultation with the Australian National Maritime Museum
(ANMM), the New South Wales National Parks and Wildlife Service, (NPWS),
contracted the Materials Conservation Department of the Western Australian
Museum to stabilize the cannon since it has considerable expertise in the
treatment of iron artefacts recovered from shipwreck sites.
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Photo 2 – 3. Corroded areas of the cannon on arrival at the WA Museum
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Photo 4. The Endeavour cannon after packing removed
1.1

Nature and Extent of the Corrosion Problem

(Extract from ANMM condition report – Appendix 4.5)
In late 1992, the ANMM was contacted regarding the deteriorating condition of
the cannon and asked to quote on treatment. Whilst it remained in good condition
generally, two areas of severe localized corrosion were evident on the underside,
one near the muzzle and one in the vent field near the breech. Pearson’s original
report includes a diagram of the treatment set-up showing a cannon resting on
an epoxy resin-coated, wooden support cradle for treatment, as well as
photographs of cannon on their cradles
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Photo 5.
1.2

Endeavour cannon on its cradle, note position of supports

Cause of deterioration

(Extract from ANMM condition report – Appendix 4.5)
The areas of corrosion appear to exactly correspond with the points of contact of
the cradle, the cause of the corrosion being incomplete reduction and inadequate
diffusion of salts from these two areas. A condition report by Janet Hughes at the
time, described “a visible elliptical area approximately 80mm x 90mm on the
underside of the cannon about 40 cm from the muzzle which is deeply pitted and
where metal appears to have spalled off since electrolysis. The metal surface is
rough and appears a lighter colour than the rest of the metal surface”. It was also
reported that an exudate formed there during times of high humidity. The
corresponding breech area was obscured, but several surface irregularities,
bulging and fissures could be felt there.
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Diagram 2.

Areas of active corrosion and damage
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2.

PROSPECTIVE CONSERVATION METHODS FOR RE-TREATMENT

2.1

Electrolytic Reduction

The treatment process originally used to conserve the cannon was not
considered for its re-treatment. Repeating electrolysis of cast iron objects, after
they have dried out, has the potential to promote extensive spalling of graphitized
surfaces.
2.2

Alkaline Sulphite Immersion

Since the corrosion problem was localized to two specific areas, and the
remainder of the cannon appeared stable, re-treatment of the entire cannon
using Alkaline Sulphite was not considered appropriate.
2.3

Diaminoethane Refluxing

The Diaminoethane treatment process was recommended by Dr Neil North,
(former Head of Materials Conservation Western Australian Museum).This
procedure was initiated.
2.4

EDTA Complexing

EDTA treatment was undertaken following problems and safety concerns with
the Diaminoethane procedure. The process was recommended by University of
WA chemists in consultation with Materials Conservation research staff.
2.5

Wax Removal

Removal of wax was essential prior to any chemical treatment of the corroded
areas since the wax prevents the ingress of the water-based treatment solutions.
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3.

REPORT : THE RE-TREATMENT PROCEDURES

3.1

Removing the Wax Consolidant

Following electrolytic reduction, at DSL, the comparatively soft graphitized
surface of the Endeavour cannon had to be consolidated. To achieve this, the
cannon was submerged in a bath of molten wax. On cooling the hardened wax
imparts strength and reinforcement to the matrix of graphite overlying the
residual metal core, it also provides a necessary barrier to moisture.

Photo 6.

An example of the wax impregnation process
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To fully expose the two corroded areas, and thereby allow the water-based
treatment solution to extract the trapped chloride salts, it was necessary to
remove all traces of wax. Wax removal was achieved by vapourising the solvent
White Spirit in a refluxing chamber. The process effectively dissolving and
extracting the wax after several hours.

Photo 7 : Refluxing set-up for White Spirit and Diaminoethane

3.2

Interpretation of Chloride Readings

Chloride determinations were made from samples drilled (5 mm bit) from the
cannon surfaces. The resultant swarf was analysed by Geotechnical Services.
Analysis of a sample obtained from a spalled fragment, which had become
separated due to the post-electrolysis corrosion activity, produced a chloride
level of 16500 ppm (parts per million). This result was considerably higher than
the maximum readings obtained from comparative samples taken from the stable
area of the cannon, 860 ppm in the residual metal, and 1120 ppm in the
graphitized zone. By themselves these two readings would normally be
considered unacceptably high (100 ppm, or less, residual chloride is the
accepted norm after conservation) and imply the cannon was not originally given
sufficient treatment. At the time (1969) the treatment was experimental in
Australia, with hindsight the electrolysis process should have been longer and
the cannon repositioned on its cradle to avoid the corrosion problems that
occurred.
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With the exception of the corrosion affected areas, and despite the higher than
normal chloride readings, the cannon appears stable and has remained so for
more than 30 years. In view of this general stability and the potential for more
problems to arise, if more extensive chloride removal were contemplated, it was
not recommended that the entire cannon be re-treated.

Photo 8.

3.3

Sample hole drilled to determine chloride content

Diaminoethane method of extracting chlorides

The Diaminoethane method of chloride extraction, from corroded iron, was first
trialled at the Canadian Conservation Institute and subsequently recommended
for use on cast iron cannon by Dr Neil North former Head of the Materials
Conservation Department, Western Australian Museum. The method uses the
aforementioned refluxing process, and set-up (photo 7.), replacing the White
Spirit with Diaminoethane. The heated treatment solution transforms to a
penetrating vapour that condenses on the corroding areas of the cannon.
Cooling, and reverting to its liquid state, the solution, with extracted corrosive
salts, drips back into the solution were the salt remains and the solution is revapourised and recycled. Samples of the solution are then analysed, on a
regular basis, to determine the amount of salt extracted.
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Photo 9.

Refluxing set-up illustrating sealing difficulty

In practice difficulties with maintaining an enclosed system around the curved
profile of the corroded areas of the cannon and concerns about occupational
health and safety issues (Diaminoethane is a noxious substance) prevented
further progress with this method. The search for an alternate treatment was
protracted but EDTA (Ethylene DiamineTetra-Acetic Acid) was approved
following consultation with research staff. EDTA combines with corrosive salts
and they pass into solution.
3.4

EDTA treatment process

In the first instance 5 % EDTA solution was mixed with paper pulp (acid free
blotting paper) and applied in the form of a poultice. The poultice conformed to
the shape of the corroded areas of the cannon and was retained in position with
a simple dam of plasticine. An overlying cover of cling wrap was used to slow the
evaporation rate, of the solution, permitting a reasonable contact period, in order
to draw out the chloride. On drying the EDTA impregnated poultice material was
analysed for chloride content but produced very low results (6-20ppm). The
implication being that chloride extraction by this method was slow and potentially
minimal.
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3.5

Soaking process

To expose the corroded areas to a greater volume of solution and improve the
chloride extraction rate, the 5% EDTA solution was poured into small purposemade containers, custom fitted around each of the corroded areas. The
containers, (with lids), were constructed from polypropylene sheet (Coreflute)
assembled and waterproofed with a co-polymer sealant (Selleys Blockade).
To prevent the formation of a concentration gradient, that could impede the
release of chlorides, air was bubbled through the solutions utilizing an aquarium
pump.

Photo 10.

Filling the Coreflute container with 5% EDTA solution
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3.6

Analysis

Since direct chloride analysis of the cannon material is more reliable and
accurate than solution analysis samples were acquired by drilling into the
residual graphitized material.
Over a period of months of soaking in EDTA the chloride level, in the corroded
graphitized zones, increased from 340 ppm to 3530 ppm in the rear of the
cannon and from 210 ppm to 2110 ppm in the front. At the same time the metal
beneath the graphitized zone showed a decrease in chloride from 691 ppm to
190 ppm in the rear and from 775 ppm to 310 in the front. Chloride appeared to
have migrated from the metal substrate and had become concentrated in the
graphitized material above it.
At this stage continued soaking in EDTA may have extracted further chloride
from the metal and concentrated it in the graphitized zone. However, the
chloride readings in the metal underneath now ranged between 83 ppm –190
ppm in the rear and 240 ppm – 310 ppm in the front. These readings were
comparable or lower than chloride readings obtained from metal in the stable
areas of the cannon, 230 ppm and 860 ppm. In view of these results treatment
was terminated.
The EDTA treated areas were rinsed with de-ionized water, dewatered with
methanol and covered. During a period set aside for observation the areas did
not reveal any subsequent corrosion activity. However the remaining graphitized
material still retained high levels of chloride that could cause future corrosion
problems.
3.7

Proposed Method for Stabilizing the Corroded Cannon Surface

To maximize the potential for present and future stability, of the retreated areas,
it was concluded that the most viable and effective treatment would be to
mechanically remove the residual graphitized material overlying the stable metal.
As a consequence of the corrosion activity, spalling had already resulted in
material loss and this in conjunction with the drilling process, to acquire samples
(consumed during analysis), would mean only a small amount of material would
require removal. Following excavation (max 5mm deep) the areas will be
restored with epoxy resin, the surviving spalled fragments being reinstated at the
same time. Removal of the comparatively weaker, and less firmly attached
graphitized material will also allow the epoxy to key with the metal surface and
permit a stronger bond. Epoxy is recommended since it withstands the potential
rigours of handling, such as accidental impact, and provides good support if the
cannon is laid down. To meet the conservation requirement for reversibility the
epoxy can be carefully softened, with a hot air gun, and prised out of the filled
areas if the need arises. Approval was granted to carry out this procedure.
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3.8

Removing the residual graphitized material

Prior to excavating the residual graphitized material the spalled fragments were
temporarily relocated and photographed to ensure correct placement during
restoration of the cannon surface (photo 15. & 21.)

Photo 11.

Largest fragment from muzzle area

The surface of the largest piece, spalled from behind the muzzle area of the
cannon, had bulged and cracked due to expansion of the underlying corrosion
products. To properly reinstate this piece it was necessary to reduce its thickness
by removing the corrosion products from underneath, then separate the loose
fragments and re-bond them with epoxy (Selleys Quick Set) to comply with the
curvature of the cannon profile. The underlying corrosion products were similarly
removed from the other fragments. A rotary cutting bit (Dremel) was used for this
purpose. All fragments were soaked in hot distilled water to dissolve any residual
salt and a tannin based corrosion inhibitor applied (Tanco Rusticide).
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Photo 12.

Repairing the fragment from muzzle area

To excavate the graphitized remains from each of the corroded areas of the
cannon a rotary cutting tool (Dremel) was used. A vacuum cleaner nozzle was
held close-by to collect the dust generated (30 grams). To facilitate removal of
residual pockets of the graphitized material flame cleaning was also applied to
the corroded areas (Oxy-acetylene). In some instances a gentle tap from a
chipping hammer assisted detachment. To ensure a good epoxy bond with the
intact, unaffected graphitized surface of the cannon, flame treatment was also
used to melt and vapourize wax that remained impregnated around the
immediate periphery of the areas to be filled.
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Photo 13.

Flame cleaning
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3.9

Stages of Treatment and Restoration (Front)

Photo 14.

Corroded areas after EDTA treatment (Front)

Photo 15.

Positioning of spalled pieces (Front)

17

Photo 16.

Corroded areas after Dremel excavation (Front)

Photo 17.

Corroded areas after Flame Cleaning (Front)
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Photo 18.

Epoxy bonding of spalled fragments (Front)

Photo 19.

Epoxy filed to cannon contours (Front)
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3.10

Stages of Treatment and Restoration (Rear)

Photo 20.

Corroded areas after EDTA treatment (Rear)

Photo 21.

Positioning of spalled fragments (Rear)
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Photo 22.

Corroded areas after Dremel excavation (Rear)

Photo 23.

Corroded areas after Flame Cleaning (Rear)
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Photo 24.

Epoxy bonding of spalled fragments (Rear)

Photo 25.

Epoxy filed to cannon contours (Rear)

22

Photo 26-27. Restored areas with corrosion inhibitor and wax application

Photo 28.

The cannon after restoration
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3.11

Restoring the cannon

The depth of material loss due to corrosion and spalling ranged between 3-6 mm,
the maximum depth of additional material to be excavated was 5 mm.
To prevent flash rusting of the excavated areas and to penetrate any microfissures in the freshly exposed surfaces a liberal application of corrosion inhibitor
(Rusticide) was applied to the areas to be filled with epoxy resin (Epiglue). To
ensure the epoxy filler would properly bond, to the metal surface of the residual
core of the cannon, the inhibitor coating was removed just prior to its application.
Prior to restoring the surfaces, a test sample of epoxy was mixed with the
combination of proposed additives to ensure proper curing and hardness was
achievable.
To match the colour of the general cannon surface the epoxy filler was mixed
with graphite powder and carbon black. Light Weight Filler Powder (Epiglass
HT450) was also added to the mixture to increase its viscosity and thereby
reduce any tendency for it to flow out of the filled areas whilst curing. Adhesive
tape was also used to prevent resin flow on near vertical surfaces. During the
epoxy filling process the spalled fragments were reinstated.
Allowing a week for it to fully cure, the hardened epoxy was shaped, with flat
files, to conform to the curvature of the cannon surface. Using rotary bits the
epoxy surfaces were then carefully sculpted to compliment the general
appearance/wear and tear of the rest of the cannon. At this stage a coating of
corrosion inhibitor was applied to the reinstated fragments and to the areas
around the periphery of the epoxy filling. To prevent moisture ingress and to
comply with the original finishing method a coating of wax (Hoechst 180M) was
applied. The relatively hard wax was softened with white spirit and rubbed into
the cannon surface. This procedure was the same as had originally been carried
out with the cannon following its impregnation in a bath of molten wax.
All holes drilled to obtain samples from the stable areas of the cannon were filled
with wax coloured with carbon black.
Close inspection of the cannon’s general surface revealed that the original wax
consolidant was degraded and in some areas not properly integrated with the
cannon surface. To improve its appearance and ensure a uniform moisture
barrier the surface of the wax was carefully reconstituted (melted) with the aid of
an oxy-acetylene flame.
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3.12 Protection and Security
During conservation treatment the cannon was housed at the WA Museum’s
Conservation Workshops Site. Following restoration the cannon was
temporarily exhibited to the public at the Shipwreck Galleries of the WA
Maritime Museum. Both sites are protected by security and fire alarms.

Photo 29. The conserved cannon exhibited on a temporary cradle
3.13

Condition Report (8 February 2006)

As reported in May 1998, by Conservator Sue Bassett (ANMM), “the cannon
remains in good, stable condition generally”. The principal, change from that
time, has been the restoration of the two corroded areas. The other surfaces of
the cannon exhibit the marks and wear/tear of its history. No other changes have
become apparent since the cannon has been undergoing re-treatment.
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3.14

Packing the Cannon

For its return to NSW the cannon was packed into the original box, supplied by
the Australian National Maritime Museum.
On its arrival at the WA Museum it was found that no provision had been made
for lifting the cannon out of the box. This was rectified for its return by the
provision of two (2 ton) lifting straps. These remain in position to facilitate the
safe removal of the cannon when packing is removed. The original weight of the
cannon was 11 cwt 2 quarters 5 pounds (586.5 Kg), after corroding in the sea the
weight is approximately 550 Kg.
For return to Kurnell the cannon was packed as it had been when dispatched
from NSW. Reference was made to a series of sequential photographs taken
when it was unpacked (Appendix 4.4, photos 31-36) The only difference being
that the cannon has its top-surface uppermost. Previously the corrosion
damaged undersurface was uppermost.

Photo 30. Packing the cannon for return to NSW, lifting slings provided
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3.15

Exhibition/Storage Conditions (recommended)

Temperature :
Relative Humidity :
Light Level :
UV :

20 degrees Centigrade + or – 2 degrees
50 % + or – 10 % ( less than 35 % RH preferred)
150 Lux (wax coating)
80 Micro watts/lumen

Exhibition :

Inside a building, a display case will buffer environmental
conditions and permit humidity control measures if required.
Consider installing an environment data logger (Tinytag
TGU-1500).

Mounting :

Pad areas of contact between support and cannon surface.
Trunnions must not support the weight of the cannon. Use
Polyethylene foam PE 30 (charcoal grey) – Dunlop Flexible
Foam

Location;

In a monitored/observable position/proximity of staff

Handling :

Minimise contact (wear gloves).

Inspection :

Every 6 months. Look for bulging, cracked surfaces,
fragments and detachment of the surface (spalling).

Cleaning:

Dust with lint free cloth and/or gently brush surfaces. (dust
retains dirt and moisture).

3.16
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4.

APPENDIX

App. 4.1

Method of Analysis

Chloride content of cannon samples.
Method of Analysis/Testing by Geotechnical Services Pty Ltd
1. Drying/Nitric Acid digestion/Precipitation of iron and filtration
2. Silver Nitrate-potassium thiocyanate back titration

App. 4.2

Chlorides Endeavour Cannon

Date

RHR LHR RHF LHF

7/12/04

190

83

240

310

7/12/04

-

-

-

-

7/12/04

-

-

-

-

5/8/04

3210 3530 2110 10980

Stable

Sample

Treatment

metal

EDTA solution

metal

Electrolysis*

130

graph

Electrolysis*

-

graph

EDTA solution

230-860

5/8/04

-

-

-

-

120-1120

graph

Electrolysis*

22/7/04

4670

-

1620

-

630

graph

Electrolysis*

22/7/04

691

-

775

-

-

metal

EDTA solution

14/5/04

32

-

84

-

-

-

EDTA solution

22/3/04

340

-

210

-

-

graph

EDTA solution

18/6/03

6

20

8

8

-

soln

EDTA poultice

24/7/02

11

10

9

6

-

soln

EDTA poultice

29/11/01

270

-

130

-

-

graph

Diaminoethane

Chloride reading from a spalled fragment : 16500 ppm
Sample location :
Corroded Area

RHR –Right Hand Rear
LHR – Left Hand Rear

RHF – Right Hand Front
LHF – Left Hand Front

* Electrolytic Reduction 1969 (stable area)
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App. 4.3

Materials, Chemicals and Equipment

Refluxing Process – Wax Removal
Hotplates (2) (with thermostat control) – Perth Scientific
IEC Australia, Cat No CH 1923-001, App Cs 76083V
Domestic Cooking pots (2) (domestic, stainless steel)
Drain valves (2) (stainless steel) SS /IVM 4/S4 – Perth Valve & Fitting Pty Ltd
Mylar polyester film (refluxing sleeves) – Zetta Florence
Heatproof PTFE gasket (Mylar/Cooking pot)Teadit Seal-On24B – Postfair Pty Ltd
Gaffer Tape – Cling Adhesive Products – Bunnings Hardware
White Spirit – Chemical Suppliers/Hardware stores
Conservation Treatment
Solution Containers, polypropylene – Corflute – Mulford Plastic
Sealing Agent – Selleys Blockade Co-polymer
EDTA - Chemical Suppliers
Deionized Water
Aquarium pump (inc air-lines, air-stones) - Resun AC 960-23
Methanol - Chemical Suppliers/Hardware stores
Restoration Process
Dremel Rotary Tool – Bunnings Hardware
Dremel Rotary cutting bits – Bunnings Hardware
Oxy-acetylene Torch
Chipping hammer
Tanco Rusticide – Flo-Kleen
Selleys Araldite Quick Set – Bunnings Hardware
International Epiglue epoxy – Taylor Marine
International Epiglass HT450 – Taylor Marine
Carbon black
Graphite Powder
Assorted Flat Files – Bunnings Hardware
Hoechst 180M wax – Hoechst Australia
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App. 4.4

Cannon (Un) Packing Sequence

31.

32.

33.

34.

35.

36.
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App 4.5

Conservation Condition Report (ANMM, May 1998)
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Report by
Jon Carpenter
Conservator Maritime Archaeological Iron
Department of Materials Conservation, Western Australian Museum
For
New South Wales Parks and Wildlife Service
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