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IT is always both interesting and instructive to refer back to 
the early history of any art, and trace it through the various 
stages of its progress ; and the art of protecting ships from the 
ravages of the sea worm and the adhesion of marine life is no 
exception to the rule. For Liverpool this subject has a special 
interest, and I anticipate being able to show you that it is also 
one of considerable importance. While also it is a subject 
 which must have engaged the attention of the earliest navi 
gators, its importance has been considerably increased within 
the last twenty years, in consequence of the extensive em 
ployment of iron ships, all the submerged portions of which 
it is necessary to prevent from coming into contact with sea 
water. The coatings employed for this purpose, however, 
were not, until lately, at all successful in preventing very 
extensive fouling and corrosion.

Although the' sheathing of the present day is a compara 
tively modern invention, evidence is not wanting to show that 
attempts were made at a very early period to protect ships 
from fouling and the ravages of sea worms.

The first sheathing used was probably tho hides of animals 
covered with pitch; but it is also on record that sheet lead 
was employed at a very early period. An old writer* refers to 
the raising of a ship of the Emperor Trajan, after having been
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sunk and neglected for 1300 years, when he observed that the 
pine and cypress of it had lasted most remarkahly, being 
coated with pitch, sheets of lead being fastened over all with 
small copper nails.

The earliest subsequent period when I have been able to 
find any reference to the protecting of ships' bottoms is 1C25, 
when a patent was granted to a Mr. Bealo for an uriinflam- 
mable compound to preserve ships from barnacles, wildfire 
&c. The nature of the article is not specified; for in those 
days and, indeed, till a much later period, patents were granted 
without any necessity of defining the nature or composition of 
the article thus protected. Mr. Beale says that it is " a new 
" invention, by him lately found out, by which ships may be 
" preserved in fight at sea from burning by wildfire, nnd also 
" how ships on long voyages may, without sheathing, be pre- 
" served from hurt by the sea worm or barnacle, whereby many 
" ships of great value are oftentime utterly destroyed." He also 
undertakes to pay His Majesty forty shillings per annum for 
fourteen years, and the King, in return, informs all his loving 
subjects that no one else shall make the said material, under 
pain of his heavy indignation, &c.; though how his subjects 
were to know when they were infringing sucli a patent is not 
specified.

Forty years afterwards a patent was obtained by Sir Philip 
Howard and Sir Francis "\Vntson, for a similar invention and, 
from a transfer of this patent having been made to a company 
for carrying it out, we learn that it was for the use of milled 
lead. We have shown that this article was used at a much 
earlier period, but it had probably been discontinued, in con 
sequence of the great expense entailed in its manufacture and 
application ; for that the cost was burdensome we gather from 
the fact that in ] 725 a mixture was introduced to keep the 
worms from eating through the planks, and as a recommenda 
tion it is stated that it hnd been proved in the ship Magdalcna,
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bound to St. Domingo, "which ship came home free from 
" worm holes, although the said const is so much troubled 
" with worms, that in twenty-four hours these vermin will so 
" far penetrate into the bottom of a vessel as to make it 
" unserviceable and entirely useless, if not sheathed with lead, 
" the usual custom to preserve the same, the charge for which 
" is forty times moro, and not so durable." What this com 
position was I have not been able to learn ; but later it was 
proposed to coat ships with tar, and then to strew it with 
ground glass. The operation was to be completed by covering 
the whole with sheathing boards in the usual way, through 
which, says the sanguine projector, " the worm may pass, but 
" in the ground glass he will, it is apprehended, meet with his 
" ne plus ultra."

But even at this time the value of copper sheathing was not 
unknown, for Mr. Pepys, Secretary to the Admiralty in the 
reign of Charles II, suggested the great importance of using 
this metal, and says, somewhat despairingly, " I wish it were 
" tried on one ship." The experiment, however, as far as the 
navy was concerned, was delayed for nearly a century, and 
when it was tried, although answering beyond expectation^ 
the prejudice against innovation was so strong, that in Admiral 
Keppel's fleet, in 1788, there was only one coppered ship. By 
the end of the century, however, its superiority over every other 
sheathing previously adopted was so self-evident, that the 
whole British navy was coppered. In this, as in many other 
respects, the merchant service was many years in advance of 
the navy ; and there is no doubt that copper sheathing had 
then been in use a considerable time.

Efficient though it was, there was one drawback, viz. the 
great expense entailed, not only in the first cost, but also in 
the frequent renewal required. The value of the metal alone 
on a 120-gun ship was more than .£2,000, and fresh sheathing 
was required every four or five years. Nor was this all; there
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was found to be very great difference in the power of copper 
to resist the action of salt water. The general belief was that 
sea water had no action upon pure copper, and that the rapid 
decay of sheathing on certain ships was owing to its impurity. 
Chemical analysis, however, did not support such an opinion; 
for sheathing which had lasted remarkably well was found to 
bo alloyed, while other sheathing which was nearly destroyed 
in four years was found to be made of very pure copper.

In 1823 Government determined to provide, if possible, a 
remedy for the large expenditure necessary to maintain their 
ships efficiently sheathed, and Sir Humphrey Davy was re 
quested to undertake an investigation into the cause of the 
rapid decay of copper sheathing, and the best means of pre 
venting it. He made many experiments and, by applying his 
electro-chemical theory to the solution of the question, he 
successfully explained the reasons why copper was acted upon 
by sea water, and suggested a remedy for the evil complained 
of. When ho considered that copper is but weakly positive in 
the electro-chemical scale, and that it can only be acted on 
when iu a positive state, it occurred to him that by rendering 
it slightly negative, the corroding action of sea water would be 
prevented. The plan he devised was extremely simple, being 
nothing more than to attach to different parts of the sheathing 
strips of iron or zinc, which, acting as the positive pole of a 
galvanic arrangement, effectually prevented the corrosion of 
the copper.

Practice, however, does not always bear out theory, and the 
results obtained from experiments on a small scale are often 
found to be fallacious, from causes which are only noticed 
when the operations are extended. So it was with Davy's 
experiments ; they were tried in a tank of salt water and were 
eminently successful; but, when the vessels were protected 
according to his plan, it was evident to all on board, from 
their dull sailing, that tho bottoms had become very foul, and on
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being examined, it was found that the copper was completely 
covered with sea weed, shell fish of various kinds, and myriads 
of small marine insects. Upon their removal, however, it was 
found, on weighing the sheets, that the copper had suffered 
little or no loss, thus proving that the principle of protection 
was true, although its practical application had failed, from 
circumstances which could only be ascertained by experience. 
So serious, however, was the foulness of the ships thus pro 
tected, that Government was obliged to order the discon 
tinuance of the protectors, and return to the old plan, which 
they have adhered to to this day.*

Up to this period it had always been supposed that the 
value of copper sheathing depended upon the poisonous salts 
formed on its surface by the action of sea water, but it was 
now seen that it was the solution, or wearing away of the 
metal, which, by keeping the surface always smooth and clean, 
prevented the adhesion of foreign matter.

It has frequently been noticed that our lightships outside 
the port, when docked for repairs, are extremely foul, and this 
is usually attributed to their being stationary; but I believe 
that their extreme foulness arises from their being moored 
with very massive cables, which, as they enter the ship_ but 
a few feet above the sheathing, act through the moist wood 
like Sir H. Davy's protectors and prevent the copper from 
dissolving.

From 1823 to 1832 few, if any, improvements were intro 
duced into the material used for ships' sheathing, but in that 
year Mr. Muntz took out his patent for an alloy of copper 
and zinc the yellow metal of the present day. This alloy 
consists of any proportions of the two metals, between 50 per 
cent, of zinc, with 50 per cent, of copper, and 37 per cent, of 
zinc, with 63 per cent, of copper. The latter proportion of 
copper was found in practice to be the best, as when furthe
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reduced, not only were the sheets difficult to roll, but the zinc 
was liable to be separately acted on, when of course the effi 
ciency of the sheathing was materially diminished.

Yellow metal has been singularly successful in superseding 
sheathing made of copper only, as it not only costs less in the 
first instance, but wears longer and is very efficient.

For many years yellow metal has been manufactured by all 
the copper smelters, and everywhere, except in the navy, has 
superseded the old copper sheathing. This used formerly to 
lose from 40 to 45 per cent, in weight in two East India voyages,
 while the yellow metal sheathing loses only about 33 per 
cent, under the same circumstances. It may fairly be said 
that good yellow metal has an advantage over good copper of
*rom 15 to 20 per cent., independently of the difference in 
price, which has given during the last ten years from 15 to 20 
per cent. more. The price is 1 %d. $  fb. less than copper, and 
the specific gravity, or relative weight, 7j per cent. less.

The* actual cost per annum of sheathing a vessel of from 
400 to 500 tons, may be set down, under ordinary circum 
stances, at not less than £120.

There is no doubt that the presence of sulphuretted hydrogen 
in water would act very injuriously upon yellow metal; and I 
believe the immediate circumstance which caused the manufac 
turers to withdraw a guarantee, which they gave during several 
years, was the rapid corrosion of a quantity which had lain 
for some time in the London docks. That it wears away in 
many instances, from causes over which they have little 
control, is undoubted. If it were owing to the quality of 
metal, why should a small number of sheets, made from the 
samo charge and rolled under the same circumstances, be 
affected, and the remainder be perfectly sound ? Why again 
should the metal placed on one ship be acted upon, while por 
tions of the same charge, placed on other bottoms, are not 
dissolved and worn away ?
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Sometimes, in consequence of the sheets not having heen 
properly cleaned during manufacture, a portion of oxide may 
be pressed into the body of the metal and, a voltaic effect 
being produced when the sheathing is immersed, the sheets 
affected are rendered more liable to wear. Very little is to- 
quired to form a voltaic circle iu a sheet of copper; in fact 
the slight difference between the composition of the nails and 
sheets is sufficient, and the plates are always found most worn 
in the immediate neighbourhood of the nails. At times, no 
doubt, the wear of the sheathing is owing to the ship itself. 
A weak vessel, or one built with green timber, especially oak, 
wears metal rapidly. In the first case, the vessel strains and 
works, wrinkles and breaks the sheathing, and the action of 
the current on the irregularities of the surface soon cuts 
through the metal. In the latter case, the sap from the 
unseasoned oak is a very powerful acid, and would, without 
doubt, increase the wear of the copper.

A few years since a new description of yellow metal was 
introduced, the peculiarity of which was that a little phospho 
rus ^Yas added to the metal during the process of melting, 
and it was guaranteed as being 25 per cent, more durable 
than the ordinary sheathing; but in this case, as in that of 
Sir H. Davy's protectors, theory did not coincide with expe 
rience, which has shown that little or no advantage was gained. 
At the same time it must be observed, that from some experi 
ments in H. M. dockyards, although phosphorus did not 
increase the durability of yellow metal, it had a decided 
protective effect on pure copper.

There is an expression very frequently seen in advertise 
ments of ships for sale viz.: that they are " coppered and 
" copper fastened." This recommendation is to distinguish 
them from ships which, although they may be coppered, have 
their bolts made of iron, when, unless precautions are taken 
to prevent not merely contact, but the presence of any sub-
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stance saturated with salt water between the copper and the 
iron, the bolts will all very quickly be destroyed. To remedy 
this, it is now usual to cover all the iron portion with gutta 
 percha or some other non-conductor, to prevent any galvanic 
action ; but, with all those precautions, the holts are frequently 
found to have been seriously injured, even though there has 
been no copper within several feet of them the moisture of 
the timber being sufficient to form a galvanic circuit.

For iron-bolted ships, however, zinc sheathing is in great 
request, as there is no action of any consequence between the 
zinc and the iron and a very durable and economical sheath 
ing zinc is ; hut, unfortunately, it docs not possess the power 
of throwing off barnacles and sea-weed in an efficient manner. 
Ships sometimes come in clean, but as a rule they are very 
foul, and it would be little used were it not for the injurious 
effects of copper sheathing upon iron fastenings.

When iron was first suggested for ship building, many 
objections were foreseen, but no one anticipated any difficulty 
from their fouling. Red lead paint was considered quite suf 
ficient to keep them clean, but it was soon found to be totally 
inadequate for sea voyages, and within the last few years has 
also been proved to have a very injurious action upon the iron. 

My attention was first called to the subject by Mr. John 
M?Innes ; and, after examining a large number of iron ships, 
when docked for repairs, I found abundant evidence of the 
injurious action of red lead upon iron after prolonged immer 
sion in sea water. The subject being important to the shipping 
interest, a detailed report of the result of my observations 
appeared in the City Article of the Times of the 12th May, 
1859.

On examining the bottom of an iron ship which has been 
coated with red lead, the first point which attracts attention 
is the great extent, to which the iron has been corroded, 
patches of rust protruding through the paint, and being
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thickly spread over the uuscraped portions of the bottom. 
On a closer inspection, the red lead coating is found to be 
covered with blisters, from each of which, on being opened, 
a clear fluid escapes, leaving exposed on the surface of the 
iron a number of brilliantly-shining crystals of metallic lead. 
To this there is no exception every blister yielding its modi 
cum of lead crystals ; and that they arc formed at the expense 
of the iron is evident from the corroded and pitted appearance 
of the plate beneath every blister in the paint.

The novel condition in which lead is seen under these 
circumstances is extremely interesting in a scientific point of 
view. It affords a most striking illustration of the production 
in a crystalline form of a metal not often seen in that con 
dition, and is a proof of the slowness and regularity of the 
action by which the deposit has been effected.

Each blister is in fact a galvanic battery in miniature, and 
as, wherever there is electrical, there must also be chemical 
action, we are at no loss to account for the corrosion of the 
iron which immediately surrounds these innumerable metallic 
points. As long as any red lead remains, that can be brought 
within the influence of these little voltaic circles, it will most 
certainly be decomposed, and the iron not only, acted upon in 
an equivalent ratio, but a condition is brought about which 
keeps up a voltaic action nt the expense of the iron. The 
metallic lead once formed is no longer acted upon, but, as 
the negative pole of the battery, maintains its brightness by 
the very destruction of the iron it is aiding to effect. And 
the fluid to which I referred as flowing from the blisters has 
a very close connection with the formation of the lead crystals, 
as it is a solution of chloride of iron, produced by the com 
bination of the chlorine of the sea water with the iron of the 
ship; and, though we need not be surprised at its presence 
under nuch circumstances, it has never, that I am aware of, 
been before pointed out that the " sweat," so well known to
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every person interested in iron ships, is not, as is generally 
supposed, salt water, but a solution of chloride of iron. That 
this " sweat" is due, in a great degree, to the use of red lead 
paint in immediate contact with iron I am well convinced; 
and, from its chemical properties, there must be great difficulty 
in preventing any composition with which a " sweating " ship 
is afterwards coated from being thrown off.

Soon after the first publication of my remarks on the 
action of red lead on iron in sea water, I received several 
communications confirming their correctness, and, within the 
last few months, I have received another from M. Jouvin, 
Professor of Chemistry in the School of Naval Medicine, 
Rochefort, in which he says, " Permit me to acknowledge the 
" entire justice of your assertions ; there is not a word which 
" does not agree entirely with, my proofs, by numerous analyses 
" which I have made of the coagulations of oxide of iron, and 
" of the liquid in the blisters, which I gathered on two splen- 
" did boats of the Brazil line, the Guienne and the B^arn. 
" In the interior of the blisters I have, like you, sir, found 
"many crystals of metallic lead; also, after scraping the 
" vessels' sides, I passed by places all covered with them."

The question therefore arises seeing the plans hitherto 
adopted have been inefficient, what is the best method of 
protecting the submerged portions of iron ships ?

We at once naturally turn to the means which have been 
found so successful in protecting wooden ships. But I am 
sure I need not say one word on the disastrous effects which 
would immediately ensue if a copper sheathed iron ship were 
sent to sea. Yet an incredible number of propositions have 
been made, and patents have actually been taken out and 
applied for, to sheathe iron ships with copper. One projector 
would coat them by electricity, floating them in a dock filled 
with a solution of sulphate of copper, whereby the iron would 
be covered with an equable coating of metallic copper.
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rub the surfaces of the iron plates with metallic copper, and 
thus, hy means of friction under great pressure, to cause a 
surface of copper to adhere. But, most surprising of all, 
Mr. M?Connell, one of the head engineers of the London and 
North Western Railway, who is always recognised as a man of 
superior abilities, actually applied, in 1852, for a patent to 
coat iron with copper, to prevent, to use his own words, 
" decay, chemical or otherwise, of the iron so protected and 
" covered."

Many other equally absurd proposals have been made the 
great idea, after copper, being, only coat a ship with some 
water-proof substance which will keep the iron from contact 
with the water, and your object is at once attained. Accord 
ingly, we have proposals to use, as coatings, gutta-percha, 
india-rubber, marine glue, asphalte, and, above all others, 
glass. One man proposes to make a mixture of ground glass, 
borax, soda or other ingredients which, when fused and 
spread over the iron sheets, will protect them with a coating 
of glass enamel. If a waterproof coating would answer 
the purpose, there would be no difficulty; or if simply a 
poisonous coating was wauted, the difficulty would also be 
easily overcome ; but what is wanted is a surface approaching 
as nearly as possible in its nature and properties to the sheath 
ing found so successful in wooden ships.

The most common articles in use after red lead are oxide of 
iron and zinc paints, coal tar, or a mixture of tallow with 
black lead or yellow ochre. A composition, manufactured by 
Messrs. Peacock and Buchan, was some time since very popular, 
and is still, I believe, a good deal used in the South of 
England. It is a chromate of zinc paint, but I am given to 
understand that in consequence of its having little body, it is 
always usual to paint the ship in the first instance with red 
lead. Coal tar is a very objectionable substance; the tar
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acids always present cannot fail to attack the iron, and it is 
also very questionable -whether its carbon does not act as the 
negative pole of a battery, and produce a galvanic circuit. 
The majority of iron ships sailing from Liverpool are coated 
 with an insoluble soap of copper, patented by Mr. M°Innes, 
and this is, I believe, the most successful composition yet 
applied. When immersed in the water it presents a smooth 
slippery surface, to which it is hardly possible for barnacles 
and sea-weed to adhere more than they do to the ordinary 
copper sheathing of a wooden ship. But it will no doubt be 
urged, how is it possible to coat iron ships with a copper 
compound without injuriously affecting the plates ? In the 
first place, the hull is always well coated with a non-conducting 
varnish, so that the cupreous soap shall never come into 
direct contact with the iron ; and in the second place, an 
organic compound of copper is far more difficult to decompose 
than an ordinary salt, such, for instance, as the sulphate of 
copper, and, until the copper is reduced to the metallic state, 
no injurious action can take place. I have examined a num 
ber of ships coated with this composition, but have never 
been able to detect any deposits of metallic copper, and I 
believe it approaches nearer to perfection than any composition 
yet introduced.

In tho Corn/till Magazine for this month, in an article on 
our iron steamers, there is a remark made by the writer on 
the drawbacks to the use of iron for ships having to go long 
voyages. He says, " The fouling of the submerged portion 
" is the great difficulty to overcome but that is no real diffi- 
" culty. We have but to deal with the bottoms of iron ships 
" as we have already dealt with their sides, and coat them with 
" a suitable resisting material. We have had to apply iron 
" to their sides to keep out shell and shot; let us similarly 
" apply wood to their bottoms, and coat it with copper or
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" mixed metal, to keep it clean, just as we coat the bottoms of 
" wooden ships. We really hope that henceforth we shall 
" hear no more of the uufitness of iron ships for foreign 
" service on this ground, seeing that they can he made fit by 
" such a ready process as we have pointed out."*

Now the writer of this article is evidently in total ignorance 
of the effect of bringing metallic copper within several feet of 
iron, unless there is a perfectly non-conducting substance 
intervening; and in this lies the difficulty. No amount of 
wood planking will prevent moisture from getting between 
the sheathing and iron of the ship ; indeed I was struck by a 
paragraph iu the Times the other day, bearing upon this point. 
It was remarked that u difficulty iu the use of armour plates 
had presented itself, which it appeared almost impossible to 
overcome, viz. to attach them in such a way as to prevent 
 water from penetrating between them and the hull of the ship. 
The most successful attempt to apply copper sheathing to iron 
ships has been patented by Mr. Daft, and consists in firmly 
attaching to the copper, sheets of vulcanized india-rubber, a 
perfect non-conductor ; but here again arises a difficulty which 
has yet to be overcome. How can these sheets be attached to 
the hull without the use of metal bolts and fastenings, and 
at the same time prevent moisture from permeating between 
the joinings ? Mr. Muntz has, I believe, taken up the patent, 
but it is totally inoperative, for want of a method of perfect 
insulation and attachment.

Taking all circumstances into consideration, I do not think 
inventors are looking in the right direction, when they endea 
vour to discover some method of successfully sheathing iron 
with copper. Supposing all the mechanical and chemical 
difficulties to be overcome, there still remains the important

  Cornhill Magazine, No. 84, p. 719.



94

question of expense. Shipowners would soon see, that if iron 
ships were first to be covered with wood or india-rubber, and 
then sheathed with copper, they might as well build wooden 
ships at once, for all the advantages of iron would be 
neutralized.

The question is still engaging my attention, and perhaps at 
some future period I may have another communication to 
make to the Society on the subject.


