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Statue of Liberty
Blemished by Artificial Patina

To The Editor:
I read with great interest the article by

Ambrose and Bendale on the beneficial
aspects of environmental instability of
materials in the September 1993 issue of
the MRS Bulletin (p. 53-58). Their con-
cluding remarks about the costs and ben-
efits of the artificial patina developed for
the Statue of Liberty deserve further dis-
cussion.

As the authors stated, significant effort
was expended to find a suitable recipe to
produce an artificial patina for those
areas of the Statue where the original
skin had to be replaced with patches of
bare new copper. Eventually, these
patches would develop a natural patina.
However, for copper, this process can
take decades. Therefore, the artificial
patina was developed so that the Statue
would have a uniform appearance for
the 1986 celebration.1 However, a few
years later the artificial patina had van-
ished from the rain-washed areas. This
indicates that the mineral assemblage in
the artificial patina was not stable under
the environmental conditions at the
Statue's site.

This situation can be explained by con-
sideration of the phase diagram for cop-
per minerals under these conditions.2

The stable mineral will be the copper
hydroxy sulfate, brochantite [Cu^OH^SOJ,
on areas where the surface is regularly
washed with rainwater, while on those
areas sheltered from rainwater the
hydroxy chloride, atacamite [Cu4(OH)6Cl2]
will be stable. These two greenish-blue
minerals have different hues and reflectiv-
ities. Therefore, the variations in the
appearance of the Statue's patina from
place to place result from this microcli-
mate effect. Further consideration of this
phase diagram leads to the counterintu-
itive conclusion that acid rain, at prevail-
ing pH levels, has a negligible effect on
the patina mineral assemblage.

The various recipes used to create the
artificial patina on the Statue contained
primarily chloride ions. Consequently,
the patina would be predominantly cop-
per chloride minerals. Even if the main
mineral were atacamite, the patina
would be unstable in rainwater. Simple
copper chloride minerals would be even
more soluble.

Sadly, this problem of an unstable arti-
ficial patina is not limited to the Statue of
Liberty. In the last decade many outdoor
bronze statues have undergone artificial
patination. In this process the existing
natural patina is sandblasted off, using
any one of a number of abrasives.3 The
bare metal is chemically treated to pro-
duce an artificial patina, which is then
usually covered by a protective wax or
lacquer coating.4 This drastic interven-
tion is rationalized on the basis of two
different kinds of arguments: corrosion
protection and esthetics. The corrosion
protection argument assumes that the
existing corrosion layer contains reactive
compounds that promote corrosion, and
hence these must be removed to slow the
corrosion rate. The esthetics argument is
that patches and streaks of corrosion
products and other deposits camouflage
the sculptor's original design. Replacing
these patterns with a uniform patina
would make it possible to read the Statue
as the sculptor intended.

However, the mineral stability dia-
gram casts doubt on both these argu-
ments. From a corrosion protection
standpoint, the natural patina that devel-
ops over long periods of exposure is by
definition the most benign because it
consists of the minerals that are closest to
equilibrium with the prevailing environ-
mental conditions and thus produce the
lowest dissolution rates. Artificial patinas
such as those applied to the Statue are
more soluble and thus increase metal
loss. Regarding the esthetics argument,
regardless of the sculptor's intent, the
surface pattern that actually develops is

determined by the local interactions
between atmospheric chemistry and the
flow of water and wind around the
Statue. A uniform appearance can be
imposed temporarily by artificial patina-
tion, but the original pattern will eventu-
ally reassert itself. An organic protective
coating, unless it is regularly maintained,
will eventually degrade. Thus it only
slows down the process of recovering the
natural patina.

Consequently, the patina eventually
returns to its original condition, but in
the process the loss of metal is temporari-
ly accelerated, first by the sandblasting of
the original patina, and second by the
increased dissolution of the artificial pati-
na. Thus the public suffers two kinds of
costs, the monetary loss of paying for a
futile artificial patination job, and the cul-
tural loss of the reduced lifetime of the
Statue.

Ambrose and Bendale's article
describes the benefits that can be gained
from understanding the environmental
instability of materials. The experience
with artificial patination of outdoor
bronze sculpture shows the costs of fail-
ing to understand these environmental
processes.

Richard A. Livingston
Office of Advanced Research

Federal Highway Administration
McLean, Virginia

References
1. J. Fiebiger, "Skin Repair for Miss Liberty,"
The Statue of Liberty Restoration, edited by R.
Baboian, E.B. Cliver, and E.L. Bellante, NACE,
New York (1990) p. 147-148.
2. R.A. Livingston, "Influence of the
Environment on the Patina of the Statue of
Liberty," Environmental Science and Technology
25 (8) (1990) p. 1400-1408.
3. N.F. Veloz and W.T. Chase, "Airbrasive
Cleaning of Statuary & Other Structures,"
Technology and Conservation 10 (1) (1989)
p. 18-28.
4. N.S. Baer, "Conservation Notes:
Maintenance of Outdoor Bronze Sculpture,"
The International journal of Museum
Management and Curatorship 7 (1988) p. 71-75.

IMIRIS1
BULLETIN

The MRS Bulletin invites readers to send letters to the editor.
Letters must be signed and should include affiliation, address,
and phone number. Short, typed letters are preferred.
Mail or fax letters to.-

Editor, MRS Bulletin, Materials Research Society
9800 McKnight Road • Pittsburgh, PA 15237

FAX: (412) 367-4373

MRS BULLETIN/FEBRUARY1994

https://doi.org/10.1557/S088376940003918X Published online by Cambridge University Press

https://doi.org/10.1557/S088376940003918X


IMIRISI
MATERIALS
RESEARCH
SOCIETY

1994 Spring Meeting
Symposium Proceedings

Place your order for proceedings of the 1994 MRS Spring Meeting
in San Francisco and SAVE!

Special pre-meeting prices effective until April 25,1994.
(After that, pay the higher price on the right.)

A: Amorphous Silicon Technology -- 1994
Editors: E.A. Schiff, A. Matsuda, M. Hack, M.J. Powell, A. Madan
ISBN: 1-55899-236-7 Code: 336
$54 $67 MRS Members
$67 $M U.S. List
$74 ,$85, Foreign
B: Advanced Metallization for Devices and Circuits - Science,
Technology, and Manufacturability III
Editors: S.P. Murarka, K.N. Tu, A. Katz, K. Maex
ISBN: 1-55899-237-5 Code: 337
$44 $50 MRS Members
$50 W U.S. List
$57 #65, Foreign
C: Materials Reliability in Microelectronics IV
Editors: P. Bergesen, W. Filter, J.E. Sanchez Jr., K.P. Rodbell, J.C. Coburn
ISBN: 1-55899-238-3 Code: 338
$44 $50 MRS Members
$50 W U.S. List
$57 $65, Foreign
D: Diamond, Silicon Carbide and Nitride Wide-Bandgap
Semiconductors
Editors: C.H. Carter Jr., G. Gildenblat, S. Nakamura, R.J. Nemanich
ISBN: 1-55899-239-1 Code: 339
$37 $42 MRS Members
$42 U8 U.S. List
$48 155* Foreign
E: Compound Semiconductor Epitaxy
Editors: C.W. Tu, L.A. Kolodziejski, V.R. McCrary
ISBN: 1-55899-240-5 Code: 340
$44 $50 MRS Members
$50 W U.S. List
$57 ,$65, Foreign
F: Epitaxial Oxide Thin Films and Heterostructures
Editors: R. Ramesh, D.K. Fork, J.M. Phillips, R.M. Wolf
ISBN: 1-55899-241-3 Code: 341
$37 $42 MRS Members
$42 m U.S. List
$48 |55, Foreign
G: Rapid Thermal and Integrated Processing III
Editors: J.C. Gelpey, J.J. Wortman, M.L. Green, S.R.J. Brueck
F. Roozeboom
ISBN: 1-55899-242-1 Code: 342
$38 $44 MRS Members
$44 m U.S. List
$51 $5& Foreign
H: Polycrystalline Thin Films -- Structure, Texture, Properties
and Applications
Editors: M. Parker, K. Barmak, R. Sinclair, D.A. Smith, J. Floro
ISBN: 1-55899-243-x Code: 343
$44 $5p MRS Members
$50 W U.S. List
$57 2*5, Foreign

I: Materials & Processes for Environmental Protection
Editors: A. Adkins, P.N. Gadgil, L.M. Quick, K.E. Voss
ISBN: 1-55899-244-8 Code: 344
$44 $50 MRS Members
$50 W U.S. List
$57 $65, Foreign
M: Flat Panel Display Materials
Editors: J. Batey, A. Chiang, P. Bocko, P. Holloway
ISBN: 1-55899-245-6 Code: 345
$44 $50 MRS Members
$50 W U.S. List
$57 ,$65, Foreign
N: Better Ceramics Through Chemistry VI
Editors: C. Sanchez, M.L. Mecartney, C.J. Brinker, A. Cheetham
ISBN: 1-55899-246-4 Code: 346
$45 $52 MRS Members
$52 $¥) U.S. List
$60 ,$69, Foreign
O: Microwave Processing of Materials IV
Editors: M.F. Iskander, R.J. Lauf, W.H. Sutton
ISBN: 1-55899-247-2 Code: 347
$37 $42 MRS Members
$42 ty8 U.S. List
$48 |55i Foreign
P: Scintillator and Phosphor Materials
Editors: M.J. Weber, P. Lecoq, R.C. Ruchti, C. Woody, W.M. Yen, R-y. Zhu
ISBN: 1-55899-248-0 Code: 348
$48 $55 MRS Members
$55 $J83 U.S. List
$63 172, Foreign
T: Novel Forms of Carbon II
Editors: C.L. Renschler, D. Cox, J. Pouch, Y. Achiba
ISBN: 1-55899-249-9 Code: 349
$39 $45- MRS Members
$45 $$2 U.S. List
$52 36Si Foreign
U: Intermetallic Matrix Composites III
Editors: J.A. Graves, R.R. Bowman, J.J. Lewandowski
ISBN: 1-55899-250-2 Code: 350
$49 $56 MRS Members
$56 3*4 U.S. List
$64 iVa Foreign
V: Molecularly Designed Ultrafine/Nanostructured Materials
Editors: K.E. Gonsalves, G-M. Chow, T.D. Xiao, R.C. Cammarata
ISBN: 1-55899-251-0 Code: 351
$48 $53 MRS Members
$55 $J33 U.S. List
$63 $73v Foreign

Materials Research Society
9800 McKnight Road
Pittsburgh, PA 15237
Phone: (412) 367-3012
FAX: (412) 367-4373

In Europe, Africa, and the Middle East:
Clarke Associates - Europe, Ltd.
Fourth Floor, The Rackhay
Queen Charlotte Street
Bristol BS1 4HJ
ENGLAND
Phone: 0272 268864
FAX:0272 226437 930282

https://doi.org/10.1557/S088376940003918X Published online by Cambridge University Press

https://doi.org/10.1557/S088376940003918X

