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Abstract: The bust of Lenin by Memos Makris has been located in front of the offices of the Communist Party of Greece since 1986.
The sculpture is made of copper sheet 1,5 mm thick. Small pieces of copper sheet hammered to take the appropriate form are welded
together. The eyes are made of murano glass in the shades of white, blue, red and brown. The whole sculpture has been patinated by a
solution of potassium sulfide and a protective wax coating has been applied.

The influence of more than 15 years of urban atmosphere has had its affect on the sculpture: A layer of precipitated small
particles of soot, dust and other materials is forming strongly adhering crusts in places protected from rain. In other places
artificial patina has been removed by acid attack and the welded joins have been subject to galvanic corrosion. The disfiguring
“drainings”, a characteristic form of corrosion in outdoor bronze statues, is also present in places. This form of corrosion is
due to the condensation of water vapour, the dissolution of acid pollutants in water droplets and the subsequent acid attack of
the artificial patina.

Conservation work started by thorough washing of the whole sculpture from the top downwards. Tap water was used at the
beginning subsequently followed by deionized water. Non-ionic detergent was used for the removal of greasy precipitates.
During washing pH and conductivity was measured. For the removal of the hard black crusts, absorbing clay was used together
with water and a solution of EDTA. This absorbing pad, through dissolving calcium compounds, weakens the hard crusts and
makes their removal by mechanical means much easier. In places, disfiguring corrosion products were removed by mechanical
means.

Old remnants of wax were removed by repeated treatment with solvents. It is well known that old wax is not easily removed. In
small places, when necessary after cleaning, the artificial patina was restored. At the end a protective layer of microcrystalline
wax was applied.

Hepitinyn: H mpotoun tov Aéviv prioteyvnOnie aro tov Ilotpivo yivmey Méuo Moxpn t dexaetio tov 70. To 1986 tomoletibnke oro
xtipio ¢ Kevipukng Emitporig tov K.K.E., arov Ilepioo.

H mporous, dwotacewv 1,80m dwog, 1,40m mAarog xou 1,40m pijkog eivar katookevaouévy ano koupdtio, poldwv yalxod 1,5 mm
TAYOVS, KOTALANAO LOPPOTOINUEVA, TPUPHAATO. KoL GUYKOANUEVO, LETOCD TOVG LE YOI KOKOAANoN. [0101TEPNS oNUasIag Kal TEYVIKNG 0TO
EPY0 €IVal 1] ATOAOGCH TWV UOTIDV OTO YOOA LOVPAVO T AEVKO, OTOYPIOTEIS TOV UTAE, KOKKIVOD Kal kapé. To Epyo Exel motivaplotel ue
xphion drobpazog Oerobyov kaliov (K,S) ko1 éxel mepaotel ue kept.

H eupavion te mporoc éxer oAlaler petd omo 15 ypovia éxBeang oe évo. d1afptiné mepiffaliov ue atuoopaipiki poravon, OTmws avTto

g AOnvag. EmikoAdmtetar omo okovy kai GAAO 6OUOTIO AETTTOD TThY0VE TOV TPOEPYOVTOL AT TOV TTEPLPaAlovia ywpo. H teyvnti motivo,

&yel amopokpvVOEl ae OpKeTo. GNUELD, KUPIWS € aKUES Kal oIS Tio exteleluéveg meployés. Katd tomovg eupavilel amwieio g o1apaveidg

700 K0 BoLwuo. (YoAoKTHINS EUPVION), EVHD ae Truelio Tov dev NTav ekteleiuevo. atn fpoyn eixe okovpa kapé omdypwon. H alloiwon

ogeiletanr mhavototo o€ J100IKOTIES OLGPPWONG VIO TNV EMIOPOTH, KUPIMGS, THS DYPOTIOS KOI TWV 0EPLOV POTMV. ZNUAVTIKO polo ol

YOLOAKTOON EUPAVITH TOD PAIVETOL VO, ELYE 1] TPOTPOPHTH OUWPOVUEVOY cuaTioiwy. H okodpo. amdypwon umwopet vo aitioloynbei amo v

emxabion kot v mpoopognon cwuatidiov (t.y. aibiing). H pBopd tov mpootatevtikod viikod eiye 0Aloicdoel onuovTiKa Tig 1010THTES

700, ONUIOVPYOVTAS LoOnTIKd TPOPAUATE, Kot J16pawan Tov Yo koD. To Lo euPavES COUTTMUA. THS EXIOPOTNS TWV TapayovTwy plopdc

oto yAorto, eivar ta. iyviy pong” mov eupavifovial Kupimg o€ TEPIOYES OV 0V EKTIOEVTOL dueco. atnv fpoyortwan (PlLépopa, ovyévag,

70 KATW ONUELD THG UOTHG K.AT.,). AVTO TO €100C THS IIGPPWONS OPEILETAL OTH GOUTVKV@OT VOpaTU@Y. To. oToyovidio. mov aynuoTilovrol

0104000V T0V¢ 0LIVOVG POTOVE KOl KATW Ao THY 6EIV TPOCLOLN O10ADETOL 1] TEYVHTH TOTIVO. KO ONIOVPYEITOL EVO, LYVOS GOV VA EYOVUE

PO VEPOD.

Modikaocio oovTipnong:

* O xkobopiouog Eexivijoe amo Tavw TPOS T0. KOTW UE OLODOYIKES EKTADTELS, OPYIKG UE VEPO DOPEVONG KOL TTH GUVEYELO UE OTLOVIGUEVO
VEPO YO, TV ATOUGKPOVON TV 010 0TV emikabioewV (Tr.y. d10Avtd dAota) Kai pe polaxn fovptoo. Lo tig mopés emkalioeis
TPoaTéONKOY oTOYOVES 1N 10vTiKoD amoppumaviikov Texapon. Kava tn didpkeia tov kalopiopod ywvotav ovlioyn deiyuorog
exkmlopdrwv kai puétpnon tov pH kot ¢ e101KNS NAEKTPIKAG aywyiuoTnTas, yia vo, 01amiotwbel i amoudkpovon 6&vav i adkadikoy
emikoOioemv Kar O10POPWY OLAADTOV ALATWV.

o [lo v omoucKpuven te Hovpng KpovoTag, OLaIKOTIO OPKETC. YPOVOLOPa. Kol ETITOVY, YPHOILOTOONKAY ELOIKE OKEVAGUATO. O.TO
TPOCPOPNTIKI] GPYILO (GEmIOATN) LUE ATIOVIOUEVO VEPD KOl GUUTAOKOTOINTES 10VTY aofeotiov (E.D.T.A.). To vhiké torobetobvrov
EMIAEKTIKG KL OTOOI0KG. O LUKPES ETIPAVEIES, VIO. VO, UNY ELDEL O EmaQN LUE TO PETOALO KOl apnvoTay va. oTeyvaoel emtl pio. dpa. Etol
ATOOI0PYOVOVOTAY 1 LLODPH KPOVOTO. KOI 1] OPaipean yivotay e voatépl. Akolovbodoe koAn mlvon ue axioviouévo vepo.

e Apaipeon tov S1ofpwuUEVOD GTPOUOTOS TOD TOANIOD KEPIOD UE HOAOKO TTOVI EUTOTIGUEVO UE HIYUOTA OPYAVIKDY O10AVTOV (a1bovoln,
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okeTovy kou white spirit). H epyacia ovth #itav modd eximovy kar xpovofopa. yiati to ynpocuévo kepl dev dialverar edkola oe

O1aADTEG.

70V UETAAAOV KOl 0TO.OEPOTOINGH THES LE OVAYWYIKI PAOYA.

Manufacturing techniques
A) description of the sculpture.

The bust of Lenin is located in front of the building of the
Greek Communist Party in Perissos, a suburb of Athens. For
the construction of this large sculpture (1,80x1,40x1,40m),
the artist, M. Makris, used copper sheet 1,5mm thick. The
different parts are made to the appropriate shape by beating
and joined together by soldering. The distinctive blow
marks due to the hammering of the metal sheet create a
surface pattern that is essential to the aesthetic appearance
of the work. The shape and formation of each part followed
a detailed model made of gypsum. The rough brazed joins
were purposely not smoothed, in order to accentuate the
basic features of the head.

The attribution of the eyes is of great importance for the
work of art. The iris is made of white, blue, red and brown
murano glass. Fig. 1. The powdered glass was poured into
a copper mould in the appropriate shape and heated to
melting point. Then each iris was adapted to the eyes of
the sculpture.

The reddish brown colour of the sculpture is due to the
original patina created through the use of potassium
sulphide (K,S) solution. Different shades of the patina,
which were achieved by using solutions of different
concentrations, pronounce specific features of the head
(eyes, chin and neck).

B) the armature of the monument.

The bust stands on a prismatic base 1,5x1m and 4m high,
made of concrete and covered by a greyish blue acrylic
paint. The armature of the sculpture is made of steel beams,
which are attached to a central steel pipe 15c¢m in diameter
and Smm thick. Each beam was fixed to the internal surface
of the copper sheets during their placement. Polyurethane
foam was used as sealant against percolating moisture.

Condition report

The original appearance of the monument has been
significantly altered after 15 years of exposure to the
intensely corrosive environment of Athens. Data on the
environmental contusions of Athens are givenby P.E.R.P.A..
A thin layer of dust and other particles deposited from the
surrounding environment covers the surface.

Miuyovikog koBopiopog e valofovptoa yio. TNV ATOUGKPOVEN TWV TPOIOVIWY OLGfpwans kol Ty entkabioewy oto onueio porg.

Ermavadnuovpyia motivag tomixé oto onueio mov ypeioldtav pe ddlvuo Osobyov xaliov (K,S) oe vepo 5% x.6., ue mpobépuavon

2TV TeMIKN QO.oN EPOPUOTTHKE TPOGTOTEVTIKO UIKPOKPOGTOALIKO KePT DYWHAOD onueiov THNG.
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Fig. 1, The different parts are made to the appropriate shape by
beating and joined together by soldering.

A) loss of the protective layer

A thorough observation of the sculpture revealed the
localised loss of the artificial patina, mainly on the edges
and the most exposed areas. The protective coating had
lost its original transparency and in specific areas has a
dull to whitish appearance (Fig. 4). Where the surface is
protected from rainfall, it is coloured dark brown Fig. 5.

The alteration of the visual and mechanical properties
of the organic coating is probably due to deterioration
processes caused by the effects of oxygen/ozone, moisture,
ultraviolet light and air pollutants. The main cause of the
whitish appearance is the adsorption of aerosol particles
from the polluted environment. In the dark brown areas,
particulate matter has accumulated (e.g. soot, soil material),
which is not washed away from the surface by rainwater.
Besides the important aesthetic problems this causes, the
degradation of the coating can dramatically increase the
corrosion rate of the underlying metal.

B) streaking

The most evident symptom of time on the sculpture is the
presence of whitish “streaking”, mainly on areas that are
not directly exposed to rainfall, but also in places washed by
rain, such as the eyelids, the neck and the lowest part of the
nose. This streaking consist of a rather hard whitish or grey
substance, with a slight green hue. During the cleaning of this
substance it was found that no protective coating or artificial
patina was left underneath the streaking, and a bright copper
surface was revealed



Fig. 2: development of atmospheric pollution of Athens - Patision
station (1988-1997).
(mean values of the ten year period)

Temp.“C, mm, RH
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Fig. 3: development of climatic parameters of Athens - Patision
station 1988 - 1997.
(mean values of the ten year period)

Fig. 4: Dull / whitish appearance.

In order to determine the composition and origin of
this substance, a sample taken from the streaking was
examined under a scanning electron microscope equipped
with an energy dispersive X- ray analysis system (S.E.M./
E.D.X.A)).

The analysis of the substance, showed that calcium-
containing material, probably of atmospheric origin,
predominates within the makeup of the crust. Considerable
amounts of silicon, copper, magnesium, aluminum and
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Fig. 5: Dark crusts on areas protected from rainfall.

potassium were also present. Iron and zinc were detected
in small quantities. According to the analytical data and
relevant references in the literature, the streaking
material probably consists of salts that originate from
various particles (e.g. soil material). The streak begins
in places where a preferential condensation of water
vapour occurs when ambient temperature reaches the
dew point. In these water droplets acid pollutants,
suspended particles and other corrosive materials are
accumulated. All these materials can contribute to the
attack on the artificial or natural patina or even the
underlying copper metal through two main processes:

a. Direct contact of corrosive substances present in the
various deposits (e.g. sulfur oxides, organic acids).
b. Withholding humidity on these specific areas of the

sculpture.

These corrosive effects are responsible for the etching
of the copper along the streaking. The detection of
copper in the streaking material probably originate from
copper corrosion products, which also give the observed
characteristic green tint.

C) copper corrosion products

Layers of green copper corrosion products were observed
on specific areas of the sculpture, especially around the
brazed joins. From a well protected point on the neck
of the sculpture we were able to take a sample of the
corrosion products which was then observed under an
optical microscope. The different corrosion products were
identified by x ray diffraction carried out at the Demokritos
laboratories.

As shown in Fig. 9, copper is covered by a continuous thin
layer of cuprite (Cu,O), followed by a thick green layer
of paratacamite (Cu (OH) , Cl). The local formation of
paratacamite on the surface can be explained by the attack
of chlorides on areas where the coating had been removed
or was loosely adhered
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In the samples examined, there is no evidence of pitting
beneath the layer of cuprite. However, the formation of
paratacamite instead of other corrosion products usual on
outdoor copper sculptures (e.g. copper sulphates) indicates
the high concentration of chlorides in the surrounding
environment, probably from the sea. The potential for a
more severe attack in the future should be given serious
consideration, as shown in previous work done by Organ
(1970), Sharkey et a/ (1971) and Elwyn et al (1996).

D) iron corrosion products

Powdery orange-brown layers were observed around
the joints of copper sheet and the steel armature. They
probably consist of iron hydroxyoxides (Fe203.H20, FeO
(OH)) released through the cracks of the brazed joins. The
direct contact between iron and copper probably leads to
the galvanic corrosion of the steel beams (Fig. 12).

E) cracks on brazed joins

Several cracks and small holes along the welding revealed
the presence of polyurethane foam in the internal space of
the sculpture. Through these cracks and holes, water and
other corrosive impurities can reach the internal surface
which cannot be protected.

Conservation plan

Taking into account the above observations and results we
can draw out our conservation plan.

The selection of the appropriate conservation method and
materials was based on international ethical considerations
for the maintenance of the outdoor metal sculptures and on
the recent experience from relevant conservation work in
Athens by Argyropoulos et al (in press) and Lins (1983)
in USA.

1. Surface washing using tap water at a pressure of 2 - 3
kpa/cm?. Washing finishes with deionized water.

2. Mechanical removal of the disfiguring corrosion
products using mild abrasive techniques (glass-bristle
brush) and hand tools (dental drill, scalpel).

3. Cleaning of the surface using a neutral detergent,
deionized water and soft brushes, followed by the
monitoring of the pH and the conductivity of the
rinsing.

4. Local application of cleaning poultices for the removal
of black crust.

5. Removal of any chemical cleanser or by-products
by washing the surface with deionized water and
measurement of the pH and the conductivity of the
rinsing.

6. The removal of the old deteriorated protective coating
using a combination of organic solvents.

fig. 6. "'Streaking” on the surface of the monument.

Sum Spectrum|

Full Scale 83588 cts Cursor; 0.024 (64593 cts)

Fig. 8: EPMA analysis from the “streaking” shows the presence of
suspended particles (calcium, aluminium and silicon compounds)
with some corrosion products of the metal.

7. Repatination of the cleaned surfaces using 5% w/v
solution of potassium sulphide in deionized water.

8. Final washing with deionized water, monitoring the
pH and the conductivity of the rinsing.

9. De-greasing of the surface by gentle scrubbing with a
soft cloth impregnated with acetone.

10. Protection of the metal surface by applying
microcrystalline synthetic wax.
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Fig. 9: Photomicrograph of the corrosion products,
showing the successive layers of cuprite and paratacamite.
A thin cuprite layer in contact with copper and a thicker

paratacamite layer on top.

Fig. 10: Layer of green corrosion products.

Z - Theta - scale

o s

s om Cu Copper, syn (WL 1
24 - 0325 1 (Cu, Zn) Z (OHXCT Ppo

Fig. 11: Results of analysis by XRD from the points of fig 9, 10.

Conservation treatment
Methods and materials

Conservation procedure

For the implementation of the conservation work,

scaffolding was placed a round the monument Fig. 13.

*  Cleaning tests were carried out on selected areas of
the sculpture, in order to determine the effectiveness
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Fig. 12: Example of galvanic corrosion on welds.

of each method and the time required for the removal
of the various deposits and the dark brown crusts.

The cleaning was started from the uppermost surface
by rinsing with tap water and subsequently, deionized
water followed by gentle brushing. In this way, most
of the soluble or loosely adhered deposits were
washed away from the surface. A non-ionic detergent
(texapone) was used for the removal of grease. During
cleaning the occurrence of soluble salts or any acidic or
alkaline substances was observed by the measurement
of the pH and the conductivity of rinsing samples.

The application of sepiolite poultices with deionized
water and the chelating agent E.D.T.A. removed the
dark brown crusts. This time consuming procedure
was carried out repeatedly and locally on the crusts,
with special attention given to avoid contacting the
metal with the poultice. The areas were pre-wetted and
the poultice was applied and left to dry for about one
hour. The repeated application of the poultices led to
the collapse of the crusts, which were finally removed
with the use of a scalpel. After treatment, the area
was thoroughly washed with deionized water, as any
residues could cause salt crystallization problems.

The removal of the old coating with a soft cloth
impregnated with a mixture of organic solvents
(ethanol, acetone and white spirit), a time consuming
treatment due to the insolubility of the deteriorated
wax.

Repatination of the bright areas of copper which had
necessarily been revealed during cleaning (e.g. along
the streakings) with the application of a 5% w/v
potassium sulphide solution in deionized water, after
pre-heating and using reducing flame afterwards.
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Fig. 13. The monument with the scaffolding placed for the
implementation of the conservation work.

Fig. 14: Front view after conservation.
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Fig. 15: Side view after conservation.

Protection

For the protection of the monument against the rough
outdoor environment, microcrystalline synthetic wax
applied by heating the external metal surface to around
100 °C. The wax coating also toned down the variations
in colour, and gave the surface a darker appearance than
before, as was the artist’s original intention. After the
application by brush, a thin cohesive film is created, which
is impermeable to water and resistant against acidic,
alkaline or other corrosive substances. It is stable in
temperatures up to 90°C and can easily be removed using
the appropriate organic solvents.

Future Danger

The contact of the internal surface of the sculpture with
polyurethane!'® 12 foam can enhance the corrosion, as
indicated by the research work of Proctor (1987), Oertel
(1993) and Seinfeld (1986), via two processes: The first
is related to the ability of this highly porous material to
absorb and accumulate water and subsequently, pollutants,
a serious problem for an outdoor metal sculpture exposed
to rainfall. The second is related to by-products released
from the degraded foam (such as nitrogen oxides, acrolein
and hydrogen cyanide), which can directly attack the
internal metal.
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