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THE EFFECT OF PRESERVATIVE SOLUTIONS ON HULL
PLATE SAMPLES FROM THE ISS MONITO R

IN’r RoDuCT:CN

In August. 19 , a ;oint expedition ~y the HarborBranch Foundation. National Oceanic and Atmospheric Adminis-
tration . North Carolina Division of Archives and History.
and the U. S. Navy to the wreck of the USS MONI~~R recovereda loose section of the hull plat ing, a brass lantern found
near the ~~~~~ and a camera system which was lost by an
expedition four years earlier . All of these were brought

• to the Nava l Research Labora tory NRL’ for temporary pre-
servation and preliminarj exa-’ination • The wrought iron
plate was roughly ~L’ —shaped. wei~hed 27 kg ‘60 lb~ , and
rneasured l~~- x 134 cm ‘42 x 53 in . It was severely corroded ,
the ~issing portions apparently having been destroyed ~y cor-• rosjor.. Most of the surfzic.’ was covered with scale ani mar-
inn growth. T’

~-e lantern , 46 cr~ tall and 18 ~~ in diameter
(18 x - jr. • ~ppo~ red to ~.e in r~ 1ati;e1y good condttion .
although the thin sheet metal parts were destroyed or per-
fo:~ted in places. Both artifacts h.~d been kept wet during
their trans~~rtation to NRL. The tempo rary preservative
treatnents e~-c~~~ved d ur ng their stay at ~~L. are describedbel~~~.

Ferrou s metal 31--ects recovered after l c nc th v  Lrv~ers~on
in the s~~ are not stal le in the atmosphere. as the chloride
ions present pronote continued corros~cn. Stabilization can
be accomplish -’ :~ by hydrogen reduction or ‘~1ectro1ysis. butfor ob~ects the size o,f the N~~TOR or its parts , these pro-
cedures may not be feasible. Leaching in a preservative
sc ution, with or ~..ithout descaling , i~ an alternative com-monlv us.-~d by cor.servators. Such solutions are also useful
for the temporary preser;at ion of recovered artifacts pend-
ing further tr’atment . The solution chosen by the author
for temporary preservation of the plate gave satisfactory

• results , but there was no opportunity to study the effects
• of different inhibitor~ , various concentrations, and the

infl~:ence of pH. When samples were cut from the plate in
~• du ne l~~8, one sample was requested for a limited evaluationof preservative treatments.

Not. ~t~~r’. r p 4  .ubmitt d September 9. iø7~ ,
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TEMPORA RY PRESERVAT ION OF THE ART I FACTS

The wrought iron hull plate was kept ingnersed in tapwater in a wooden crate lined with polyethylene film and
padded with bubbled pol yethylene packing material .  Toinhibit corrosion , l~ by weight of sodi un benzoate was dis-
solved in the water, and the pR was kept between 7 and 10‘slight ly a lkal ine ’ by the addition of sodium carbonate and
sodium hydroxide. These materials were selected because of
their known effectiveness in inhibiting the corrosion of
ferrous metals in water , minima l interference with later
treatment , analysis, or examination of the plate, and low
toxicity. This treatment appeared to be effective in pre-
venting further rusting of the exposed metal or exfoliation
of the scale.

A few days after the plate was received , a dark stain
appeared and spread until, in two weeks, the entire plate
was darkened. This was apparently due to sulfidation
resulting from the bacterial decomposition of the marine
growth. The Marine Biology and Biochemistry Branch of NRL
recosrunended the addition of Sodium Omadine ’ (sodium 2-
pyridirtethtol-1-oxjde . This biocide, added to a concentra-
tion of 1.5 parts per million, kept the slime and bacterial
growth under control, although the solution still darkened
with time. a

The plate was stored in this manner at tiRL for seven
months, the solution being replaced three times, and receiv-
ing additional sodium hydroxide nine times. During this -

•

period the plate was photographed , weighed , ~‘easured , and
radiographed ; and discussions were held to deter-inc the
number and location of samples to be cut from it for further
study.

The brass lantern was similarly placed in a crate lined
with polyethylene bags and filled with tap water. A trace
of sodium carb~mate was added to prevent the water frombecoming acidic, and 1 ppm of the biocide ~~~ added toinhibit slime growth. After three weeks at NRL. the lantern
was transferred to the Smithsonian Instjtutjon a Conserva-
tion and Analytical Laboratory. No changes in its condition
were observed during th~. period.

EXPERIMENTS WITH SAMPLE 0408 - PROCEDURES

Sample ‘~4O~ frc~m the ~~~~ hull plate was 6 x 2 in(20 .3 x .1 cm ’ , the lenc~th parallel to the longer dimension
of the plate, and the center 13 cm (5 in’ from the longer
edge. Judging from the radiographs, the metal thickness in
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this area was somewhat greater than average. The sample was
weighed and the accretion and scale were scraped from both
sides. The sample was then cut into 16 pieces approximately
25 r~n square with a bandsaw. These specimens were marked,
weighed, and measured .

Seven of the pieces with relatively thick scale remain-
ing on the TM up” side were placed in experimental preservative
solutions after a brief rinse with distilled water. The
remaining nine were further chipped and scraped, and pickled
in warm 20~ sulfuric acid , inhibited with thiourea, to removethe surface scale and rust. Cleaning was continued until
only a few dark areas, presumed to be slag inclusions,
rema ined.

Due to the limited number of specimens available, the
st.2dv was limited to benzoate and nitrite inhibitors at dif-
ferent concentrations, with and without trisodium phosphate
to raise the pH, and a few control experiments without
inhibitors. The solutions used are listed in Table 1 along
with th~ identifications of the specimens used. In four
cases, the corrosi-:r~ obser:ed was so severe that the speci-mens were remo~ed from the orig~na1 solutions after six daysand placed in other solutions , which are listed in the lower
part of the Table.

Each specimen was placed in a separate glass weighing
bottle having a cover with a ground joint. The volume of
the solution used was ~1ways 25 ml . Specimens were examined
periodically to dete~~ine the extent and nature of corrosion
occurring, and the solutions were monitored for changes of
pH and chlorile ion  concentration. The pH was measured with
a glass electrode and a double juntion reference electrode
with 0.1 M ?C1 in the outer chamber to reduce the amount of
chloride aided t~ the solutions by seepage from the electrode.
Chloride concentrations were measured with a solid-state
specific ion electrode (Orion Research Model 96-l7-O0~.
This electrode is sensitive to interference by sulfide ions,
a limitation which was encountered with some of the speci-
mens, especially those with scale. A liquid membrane elec-
trode ~Orjon Research Model 93-17 - • which is less sensitive
to sulfide, was found to be unsuitable due to interference
in the nitrite, benzoate, and phosphate solutions. with the
solid-state electrode, the interferences were equivalent to
0.3 to 4.7 parts per million (ppm~ of chloride, and the datawere corrected by subtracting these background levels. The
solutions were replaced occasionally to keep the chloride
concentrations low .

3



Table 1
Experimental Treatments of MONITOR Hull Plate

Specimens

Treatment Specimen Identification
(Solutions : wt $ in
distilled water’ with Scale Descal.ed

Sodium benzoat e 0. l~ - i

Sodium benzoate 0.5 7* 2

Sodium nitrite 0.1 - 3

Sodium nitrite 0.5 9 4*

Trisodium phosphate 0.5 10 5

Sodium nitrite 0.1 11 6
trisodium phosphate 0.5

Sodium benzoate 0.1 12 8
trisodium phosphate 0.5

Distilled water 14* 13*

Ambient atmosphere 15 16

‘Tran sferred after six days to:

Sodium benzoate 0.5 7 13
trisodium phosphate 0.5

Sodium nitrite 0.5 14 4
trisodium phosphate 0.5

After 119 days ~285O hrs~ , the specimens in preserva-
tive solutions were removed, rinsed , dried , weighed, and
placed in a desiccator in an atmosphere maintained at 81~relative humidity to determine their stability. A fter 15
days, five specimens which showed the presence of deli-
quescent salts were removed, rinsed , and kept in the ambient
atmosphere. The other nine were removed after an additiona l
28 days and not rinsed . After 200 days under ambient cond i-
tiona , all 14 were examined again , rinsed and dried. All of
these rinses were with 25 ml of distilled water , which was

4
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then checked for chloride content to determine the amount
released by delamination of the scale or the rupture of
salt-containing pockets.

RESULTS

The intact sample weighed 476.9 g ~wet). On the “down”
side, the accretion and scale flaked off together easily.
The total weight removed was 32.5 g (dry). The .•up ” side
accretion came off less readily, and the scale adhered
tightly to the metal. The accretion removed weighed 10.7 g
dry . The nine specimens descaled lost a total of 19.4g.
13.2 during chipping and 6.2 during pickling, and the remain-
ing metal weighed 207 g. The derived composition of the
original sample is given in Table 2.

Table 2

Composition of MONITOR Hull Plate Sample 0408

~mount
Material 

_____ 
wt ~

Metal 3.6 82.2

“Down” side accret ion and scale 0.32 7.3

“Up” side accretion 0.11 2.5

“Up” side scale 0.24 5.5

Adherent scale, both sides 0.11 2. 5
4.38 100.0

The sample was thus approximately 4~ 5 metal and 1 5 scale
and accretion. The average thickness of the metal, based
on the weight per unit area and an expected density of
7.~ g/cm

3, was 4.~ ~run ~O.18 in). The thicknesses measured
on the sawn edges varied from 3 to 7 inn (0.12 to 0.28 in).

While the specimens were in the various solutions, the
corrosion observed varied from very slight localized attack
to severe rusting. Table 3 gives the results of these cor-
rosion tests. The Table is divided into three s..~tions,the first for the specimens kept in the same solutions for
the duration of the experiments , the second and third for
the four specimens which were transferred to other solutions .

5
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Each section is subdivided to separate the results wi th  the
descaled specimens from those with scale. The preservation
rankings are interrelatable within sections, and are the
averages of many rankings made during the experiment . These
were subjective, based on the appearance of corrosion prod-
.icta on the specimens or in the solutions, and the lower
numbers indicate less corrosion.

The most extensive and genera) rusting occurred with
the descaled specimens in water and in inhibitor solutions
without pH control. The specimens with scale in these same
solutions blackened , probably due to sulfide formation. Tn-
sodium phosphate alone was f a i r l y  e f fec t tve , allowing only
slight rusting and local corrosion. Both the benzoate and
ni t r i te  were effect ive when combined wi th  trisodiwn phos-
phate. The solutions usually remained clear , and only traces
of rust and slight localized corrosion forming black deposits
were observed . The inhibitors were r~c ~t effective at concen-trations of 0.5-~, although 0.l~ was sufficient in most cases.
For higher chloride concentrations, 1~ might be necessary.

The benzoate solutions, which initially were slightly
al~zaline at a pH of 9, rapidly changed to a slightly acidicpH of 6. The nitrite solutions became gradually more alka-
line, changing from a pa of 8 to about 9.5-11. The distilled
water became the most acidic at pH — 5.5, but this is typical
for water in equilibrium with at~nospheric carbon dioxide.All solutions containing trisodium phosphate initially had a
pH of about 11.5, which slowly decreased to as low as 9.7.
Most surprising of these results was the relatively high pH
of the unbu ffered nitrite solutions, which dii not inhibit
corrosion even though their pH’s were sirnila’- to those of

• the effective solutions buffered with phosphate. It is
likely t.iat pH in these solutions is not representative of
conditions close to the metal surface where the corrosion
is taking place. When checking the pH of a preservative
solution, therefore, it is wise to also check the buffer
strength by adding a small amount of acid and noting whether
it reduces the pH drastically or only slightly. Other cheini-
cals which can be used to maintain the alkalinity of preserva-
tive solutions include sodium hydroxid. and sodium carbonate.
Sodiur hydroxide has little buffering ability and must be
added ‘requently to replace that which is neutralized by
reaction with atmospheric carbon dioxide. Sodium carbonate

• may form precipitates with calcium arid magnesium from sea-
water salts.

Sulfide formation was seen in several instances, usually
on the specimens with scale, and persisted through the entire
*tudy with specimens 9 and 14. The solutions were dark , and

8

• -•- ~~-—— — _ -  
~~~
-•-—---- —-—rn—•— • -~~~~~~



the corrosion products on the specimens were black or dark• brown. The corrosive attack on the metal was not great
despite the drastic changes in appearance.

The extraction of chlorides from the specimens was,
except for Nos. 9 and 14, successfully monitored with the
specific ion electrode. As previously mentioned, the prin-
cipal difficulty was interference by sulfide ions, most
often involving the specimens with scale. The sulfides
lowered the potential of the electrode, thus falsely indi-
cating a high chloride concentration. Severe interference
was characterized by failure of the potential to return to
its previous level when the electrode was rinsed and placed
in distilled water or standard chloride solutions. Minor
interference, however, night have affected the chloride
measurements without being apparent.

The chloride concentrations in the solutions increased
rapidLy at first , and then more and more slowly as the
specimens became depleted. Aft *:r the first few days, the
chloride extractions followed the relationship:

C0 
- - b . 10mt

where  C0 was the amount of extractable ch1orii~ originally
in the ~~~ci~~n , tc was the total amount extracted, and
‘C0 - ‘.as the remaining extractable chloride, all
expr s~~ as the weight of sodium chloride (NaCl~ , b and in
were constants, and t was the time in hours. Plots of log

- vs time thus fit straight lines of intercept log
b and slope in, typical of a first-o:~ er rate process. The
values of C0, the initial chloride contents, were found by
using a proqramabl~ calct~lator to automatically search forth’ ‘.~ilues which rr~~uced the maximum correlation coeffi-cients , which ranged from 0.948 to 0.993. The plots gave
values for the initial extractable chloride contents and
the amounts remaining at all t i n~~s during the extractions.

Some representative plots are shown in Pigs. 1—4. At
the lower edge, below 0.1. ing NaC1, the analytical technique
could not adequately detect the snail changes in chloride

* 
concentration. The data usually followed the calculated

• line down to this region, but ther e was of ten  a levelling
of the extraction rate above 2000 hours, as seen in Figs.
2 and 4.

9
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The results of these statistical ana lyses are given in
Table 4. The data for final ~C include the chlorides foundin the rinses af ter atmospheric exposure . The computed
values of C0 are in reasonable agreement with the total
amount of chloride found, EC. In the majority of cases
where there was disag reement , more chloride was found than
was predicted. This indicates that there were impermeable
poccets of chlorides which were not ext ractable until the
pockets were ruptured by drying or subsequ nt corrosion.
The intercepts of the plots indicate the amount of extract-
able chlorides within the porous structures. The differences
between the intercept s and original concentrations C0 were
due to superficial chlorides, which were removed in the
first few days. The descaled specimens generally contained
loss chloride than those with scale, as would be expected.

Unfortunately , the potentially most useful result , the
amount of chloride remaining after a given period of extrac-
tion, did not correlate well with the stability of the speci-
mens in atmospheric exposure or the amount of additional
chloride f’~:nd in rinses afterward. The amount of occluded
chloride which brok e out was usually small in comparison
with the amount originally present . However , it was of ten
large in comparison with the amount of ext ractable chloride
remair .ing , making this information less useful .

In addition to containing less chlorides, the descaled
specimens released them more rapidly than those with sca le
in most cases. The last two columns ~n Table 4 g.ve the f~ r~ t-
order rate constants and the half-lives , both of which depend
on the slopes of the extraction plots. The higher the rate
constant , the more rapid the ext raction. The h a l f - l i f e  is
the length of t ime required to re duce the extractable chloride
content of a specimen to one-half of any previous level. The
corrosion inhibitors had no clear effect on the rate of
relcase . Although some of the more effective ones had higher
rates, some of the specimens which rusted proved to be more
stable in atmospheric exposure. Rusting may have promoted
the release of chlori~~s, which otherwise would have remained
occluded , by further oxidizing arid removing the scale in
which jt was trapped . For example , among the descaled speci-
nens , H orn . 2 , 1, and 3 rusted the most during extraction
~Table 3 . These three had th~ lowest rate constants , and
were also the only ones having tc less than C0 (Table 4L
~umbers 1 and 2 were among the most stable in subsequent
atmospheric exposure. The extractions of the other speci-
mens probably would have bean similar to these three if
their occluded ch lorides had be-n released by rusting or
perhaps alternate wet and dry cycling .

10
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Table 4
Regression Analysis of the Chloride Extractions

Chloride, as wt.NaCl, mg Rate
• C Constant Half-

Speci- Found , Calcu- Inter- k Life ,
men Fina l lated cept l0’ 8sec~~ Hours

Desca led
4 43.8 43.2 22.2 100 190
3 14.8 19.9 13.9 1? 1670
6 19.8 l~.0 9.6 3C~ 640

9.3 12.6 8.2 1.5 2570
8 10.6 10.5 5.6 27 700
5 12 .1 10.4 4 .9 43 450
1 3.8 4.2 2.8 12 1640

13 10.1 3.8 3.0 59 330

Aith Scale
59.4 71.3 39.7 10 1970

10 46.5 35.8 28.1 7.8 2480
12 48.0 30.2 22.7 12 1670
11 22.9 14.8 9.3 20 960

Data base 93 to 2850 hrs .  Cthers 93 to 1850 hrs.

Exposure of the extracted specimens to an atmosphere of
8l~ relative humidity produced changes which varied from the
growth of small black or rusty spots on the su r face to the
exudation of deliquescent chloride salt solutions and con-
t~nued corrosion of the wet metal. Most of the descaled
sp ’cimens were relatively stable during the 43 days of expo-
sur”, as would be expected f rom their lower initial chloride
contents. When exudation and corrosion were seen, they were
associated with scale not completely rer~ ved by the acid
descaling. Most of the specimens with  scale collected drop-
lets or puddles of liquid , and were removed after only 15
days . The extent of deterioration seen after 15 and 43 days
correlated well with the amount of chloride found in the
rinses a f ter  atmospheric exposure , indicating tha t the cor-
rosion was due to ch lorides released during this period.

11
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• After exposure to ambient conditions for 200 days, the
specimens showed corrosion ranging from slight, powdery rust,
not unexpected on unprotected iron, to exfoliating sheets of
ru st . Again , the deecaled specimens were more stable than
those with scale.

CONCLUSIONS

Hull plate samples from the MONITOR containing seawater
salts were effec tively preserved by nitrite and benzoate
ri.st inhibitor solutions with trisodium phosphate. However,
stabilization by extraction of the chlorides was not complete
unless essentially all of the accretion and scale were
removed first. Extraction of the accessible chlorides fol-
lowed a first-order relationship. Additional chlorides
remained in the scale until it was disrupted by drying or
further oxidation.

For the temporary preservation of small ferrous metal
objects which are to be reduced electrolytically or with
hydrogen, the inhibitor solutions arc recommended . Tap
water or distilled water may be used, with between 0.1 and
1 percent by weight sodium nitrite (Na NO 2 ) or ~odi~ rn ben-
zoate, dependi~g on the amount of chlorIde salts present ,
with O.5~ t r isodium phosphate (N a 3P04 .l2H aO) . A few parts
per ~ i1lion ~f a biocide such as Sodium Omadine ( available
from Olin Chemicals, 120 Long Ridge Road , Stamford , Conn . ,,
069O4~ may be necessary to prevent bacterial growth and
sulfide formation. This biocide is deactivated by light,
and therefcre poses no environmental problem upon disposal.

For the stabilization of objects too large for reduc-
tion, removal of the accretion and scale is necessary,
followed by soaking in water to remove r’sidual chloride
salts. Therma l cycling or alternately drying and soaking
might aid the release of occluded salts. The use of rust
inhibitors in the water would prevent the unnecessary loss
of metal, improve the appearance of the surface , and help to
keep the solution clear so that local corrosion could be
seen and treated . Measurements of the chloride concent ra-
tion are useful in following the progress of the extraction.
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