









محاضرات في



استخدام تقنية البلازما في ترميم الآثار




































[image: ]

























[image: ]


[image: ]


[image: ]







[image: ]




[image: ]

[bookmark: _GoBack]
image1.png
2.3 Low-pressure Plasma treatment of Metallic arte-
facts

Several studies were performed for evaluhting the effectiveness of cleaning the dif-
ferent types of metals such as iron, silver, copper and bronze.

2.3.1 Cleaning of iron artefacts

D. F. O’Kane and K. L. Mittal compared the effectiveness of the use of plasma clean-
ing with argon and helium/oxygen mixture and the cleaning with organic solvents of
metal surfaces. The plasma conditions were power 10 - 200 W, time treatment 1-6 min,
gas pressure 1 Torr. The plasma cleaning was more effective than the solvents cleaning.
The results were good for rhodium specimens cleaning with argon gas after 6 min with
40W power and caused a 45% decrease in the amount of carbon and sulphur. Moreover,
the best results for Fe-Co samples cleaning were obtained with a mix of helium-oxygen
at power 10, 80 and 200 for 1 min [28].
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Figure 2.4: Space and laboratory plasmas on a lognversus log T, diagram
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In 1979 V.D. Daniels et al described the plasma glow discharge and what exactly happen
through applying high energy on a gas. Glow discharge excited by d.c power supplies
or a radio frequency these two methods cause ionizing the gas. The types of gases used
were Oxygen, Hydrogen and mixture of 1: 1 argon-oxygen. The Oxygen plasma is able
to oxidize organic materials at the room temperature to form carbon monoxide and
water, whereas hydrogen plasma is able to reduce different corrosion products back to
metal. After the experimental test they described the efficiency of the plasma cleaning
for different materials as follow in figure 2.5 the oxygen plasma causes oxidization for
all organic materials tested. For inorganic materials there were some residues but it
was easy to clean them by brush after the treatment. The amount of removing organic
materials was not changed with the treatment time.

Material Density (Mgm=3) Rate of removal
By weight By thickness
ghim? pm b1
Shellac (heat cured varnish) 11 16 14
Araldite (AV/HV 100) cured complete
€poxy 1-14 33 28
Araldite (rapid cure) systems 114 37 32
Colloidal carbon (from aqueous
dispersion) — 2:0 —
Cellulose acetate (plasticized) 13 22 17
Nitrocellulose lacquer (Frigilene) 123 65 52
Poly (styrene) 1-05 27 26
Poly (ethylene terephthalate) 1-15 4-6 40
Poly (ethylene) 092 25 27
Poly (vinyl acetate) 12 34 28
Regenerated cellulose film (plasticized) 1-45 2:4 16
Poly (ethylene glycol) Carbowax 8000 111 25 3
Microcrystalline wax 09 14 16

Figure 2.5: Rate of removal organic materials in O,/Ar plasma.

As seen in figure 2.6 the oxygen plasma cause slight oxidation of the copper and
high oxidation of the silver and formed Ag,O . On the other hand when they used 1:1
hydrogen/argon plasma for 1 hour no detectable changes happened on the metal sur-
face 2.7. The operating conditions were 600 V at 40 mA and 7 Pa pressure of 1:1 H,/Ar
mixture. The conclusion of this experimental work is that the hydrogen plasma has a
good efficiency for cleaning tarnished silver. as well as for cleaning organic materials
from the metals surfaces[29].

In 1985, S. Veprek et al performed a test for cleaning iron artefacts using low-pressure
hydrogen plasma. The used apparatus was a Pyrex glass discharge tube ( 15 cm inner
diameter and 45 cm length) connected with two external water-cooled electrodes. The
tube is connected with a high frequency power generator of 80 MHz, 2 kW. The ro-
tary pump produced vacuum 1073 Torr. The hydrogen purity 99.99% and the used a
mercury thermometer covered iron sheet see 2.8. The condition of the test for clean-
ing some iron artefacts performed at 1 Torr pressure and hydrogen flow of~100 Torr
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Figure 2.6: Effects of O,/ Ar plasma

Material Effect of H2/Ar plasma
Paper No detectable change
(mesh electrodes) see text
Araldite (rapid and AY100 system) No detectable change
Shellac No detectable change
Gold (24 ct) No detectable change
Steel (Cu-steel) No detectable change
Silver No detectable change
Zinc No detectable change
Lead No detectable change
Copper No detectable change
Tin No detectable change
Soda glass No detectable change

Bottle glass—green and brown

Pottery—Etruscan buchero
—Bronze age pot
—Greek black figure
—Greek white ground

Haematite

Magnetite

Lead acetate

Basic lead carbonate

Old corroded lead

Cupric acetate
Malachite f
Paratacamite
Silver sulphide
Tarnished silver paint

(silver flake in gum arabic)
Silver chloride

Cuprous oxide l

No detectable change
No detectable change
No detectable change
No detectable change
No detectable change
Reduced to black magnetite
No detectable change

Grey coating on surface

Blackening of surface which went brown in air
overnight

Brown layer formed on surface

Reduced to silver
Partially reduced to silver

Reduced to silver

Figure 2.7: Effects of H,/Ar plasma.

ml/sec™!. The temperature was between 350-380°C. The time of the treatment depends
on the corrosion products, the thickness of the layers and was typically between 20-70
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Figure 2.8: Pyrex glass plasma apparatus[30].

hours.The result were satisfactory due to the disappearance of the hematite (Fe,03)
after 1 hour of treatment substituted by wiistite (FeO).This work improved the good
efficiency of the low-pressure hydrogen plasma in cleaning of iron artefacts, who is es-
pecially efficient in the removal of chlorides, and in the reduction of the oxide layer due
to the time of the treatment.

In 1986 J. Patscheider and SVepiek performed some other work for cleaning the iron
artefacts using low-pressure plasma. In this work they mentioned the difference be-
tween using of the low pressure plasma and atmospheric plasma. There are two disad-
vantages in the use of atmospheric plasma:

1. The possibility of explosion due to the interaction between hydrogen and air

2. The temperature in this condition above ~500°C

In the case of iron artefacts cleaning using Low-pressure plasma the glow discharge
pressure is between 0.3-1 torr and the temperature between 300-400°C.In addition, low-
pressure plasma is safe for the artefacts and it has a significant efficiency for cleaning the
chlorides and oxides from the iron artefacts surface. Due to the treatment time hematite
(Fe,03) is removed completely but magnetite( Fe30,4) and wiistite (FeO) increased as
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Figure 2.9: Time-dependence of the surface layer composition of a thermally oxidized
iron platelet during treatment in hydrogen plasma at about 380°C[30].

described in figure2.9.

In the same work the reduction of chlorides is tested to evaluate the efficiency of
hydrogen low-pressure plasma.The artificial iron oxychloride (FeOCl) was treated by
plasma and after 25 h it was removed completely faster than the oxides
[30, 31].

In 1988, S.Veprek, et al. tested radio-frequency (RF) generator(27MHz,4kW) coupled
with the plasma discharge by two external water-cooling electrodes fixed along the
pyrex tube. They performed the cleaning of different metals as iron, silver, and bronze
artefacts. They used mixture of gases. The first mixture was hydrogen with 25 mol.%
methane for the reduction of oxides. The second mixture used to remove the chlo-
rides content was (~39mol.% hydrogen + ~17mol.% Methane + ~22mol.% Nitrogen +
~22mol.% Argon). The treatment time was between 2-20 hours. SVepiek described in
figure2.10 his experiments as follow ” the free energy of the reduction of iron oxides
with molecular and atomic hydrogen. Accordingly, the reduction of hematite(Fe,0;3),
to magnetite(Fe;0,), occurs easily with molecular hydrogen, but the further reduction
to FeO and to iron requires high temperatures and a large excess of hydrogen. The free
energy of the reaction with atomic hydrogen is strongly negative for the FeO reduction
as well as for the other iron oxides. This means that the rate-limiting step in the reduc-
tion under plasma conditions, when the degree of dissociation reaches several at.% or
more and the corresponding fluxes of atomic hydrogen to the surface exceed a value
of 1 —10"em™2s~", should be the bulk diffusion of hydrogen into the oxide and/or the
diffusion of the reaction product from the reduced surface layer”.




