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The Chairman . | am sure we mag congratulate ourselves
upon having the second meetln% of the Session of the Institute
In this, thé Congress Hall of the Franco-British Exhibitjon.
1 W our Tt et when, annapply, 3 dacd many
it w | Ing, when, u ily, 4 good.

of our members, who had ome 1o the- ExNbitlon with iht
Intention of hearing Mr. Durtnall, were unable to find the
Congress Hall. | Rope that difficulty has not been experi-
enced on this occasion. To-night we” have. the good fortune
of being able to listen to a lecture by Mr. Milton on the * Cor-
rosion and Decay of Metals.” It néeds no words to commend
to q gathermg (.if marine enqmeers one so well known in the
en%m ering world as Mr. Milton. | am sure we may antic|-
pate that a lecture by one s experienced, and dealing with
a sukﬂect S0 _important '[O_fl” engingers as the corrgsion of
metals and their decay, will not ‘only prove interesting and
Instructive, but extremely valuable. "Mr. Milton has devoted
a great deal of fime and attention to the subject matter of his
lecture, . He will glve us the results that he has found and
the opinions he has formed after his long and extended obser-
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vations, and the experiments he has made on corroded metals.
The sub ect of the lecture is one, | may say, which very fre-
uent rtl forces |tseIf on the attention” of ‘maring_engineers,
an o occaslons demands immediate attention. ~The lecture

ly repay your closest attention on this occasion,
and afterwards your most careful study.

The Subject of the lecture to- nlght 'f of such |mﬁortance %oth
to the constructive engineer, and also to the e ﬁmeer whose
business It Is to attend to the mamtenance of the structures
laced In his charge, that no apology is needed in bringing it
efore the Instituté of Marine ngineers.  To the constructor,
because he has to provide an excess of material 1n his design to
aIIow for an |neV|tabIe deterioration which he knows™ will
tak ePace and thus at the outset, and right through the use-
ful life of the structure he creates, it is handicappéd by hay-
Ing to carry more werﬁht than would be necessaty It he' could
ensure that no weakenin g eca¥]or corrosion wouId occur
To the engrneer in charge bécause |sever da¥wor Inc udes
the taking of precautlons dalnst the failure of each gne of a
Iar?e number of small dgtal s, the failure of any one of which,
owing to the mterdepen ence of so many partsof the mechan-
Ism mag roduce Serious con% quences.out of all proportion
to the séeming importance of the'detajl in question.

By far the” most important material used In engrneerrn%
structures, 1s iron In 1ts various forms of cast Iron, ‘wrough
iron, and mild steel. and unfortunately iron 1S one . of
the metals most liable to decay or corrosion.  The corrosion
of iron 15 almost but not invariaply due to its affinity for
ox en, and the consequent formation of oxide or rust. Cases

ecay of caat [ron however occur, to whrch reference will
be made, In which the formation of’ rust does not appear to

be the soIe cause of th trouRIe but ra er the for atJon 0
%ome soluble comp oun whic |s washed away or |ss|pate

th e COrrosive |anuence itself.

%ugh the formatlon of rust is of such a common oceur-
ren%e there is not b means ac ncurrence of oplnron as
tot e precise wa |n whr h rustmg takes ga%e The'p refence
of water seems eessentra ut waér itself will not
rust |ron Wh en rrg ht tron IS immersed in p ur%w ter whrch

5 been freed from™dissolved air it remains bright for an

efinite period, but, given the access of air or oxygen in solu-
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tion in the water, rusting almost immediately sets in. It is
stated that the actjon of oxygen and water is comparatively
slow except there is also the presence of a small amount of
free C03 ‘and that when_ this Is present the rustrn% IS much
more rapid. It is on this ?ccount that in cases w ere 0XY-
?enate water has necessarily to be kept in contact with iron
he presence_ of a IrttIe caus |c lime in’ the water is found to
be preservative. The lime (calcic oxide) has a strong affinity
for'C0? forming calcic carbonate, and prevents the gas from
remaining in the water.

In thecases of many metals which are readily oxidizable
(lead 1s an example) it"is found that when the outer surface
of the metal has combined with oxygen, the thin film of oxide
so formed prevents the access of further oxygen to the metal

and so stoos further corrosion. In the case of iron however
thrs IS not the case. It I unfortunately true that iron
once rusted corrodes more ﬂurck than cléan iron when ex-
posed either to moisture wrt access of air or pxygen, or when
exposed to mojst air, The reason for this 15 0 scure but
It has been said that the oxide of iron formed (Fed 3) will
under certajn conditions, either of temperature or moisture or
both, occlude orseparate out and_absorh from the air an excess
of oxygen whilst 'in other condrtrons of temPerature etc., It

|ves uRt eoxrr]gen S0 occu ded. Evrdent this Is the case,

w hen t e occlyding con Itions occurt ec atrng of oxid ecan

st read Irtl% btain th eoergen from the sl eneareﬁ the
whilst when the reverse conditions occur it can equa yrea |
divest itself from the excess of ox gen |e ing UP
some of It to the contiguous_Iron on ong side as orvrn t

g to the air on the ofher side of the film. Whilst this is a

possible reason, it may not be the only reason for the continu-
ous xrdaHon of the iron covered by @ film of oxide. It maé
be that the oxide gself IS not an a squteIY co erent soIr
mass such as the ordinary senses imagine metals to be, but it

?/reall tie of a orou? structure, wrth openrngs or vacuities

sufficiently large for molecules of oxygen to fr eI%/ penetrate
t em and’ so obtain access to the ifon underneath, or even
su frcrent 3/ porous to contain sufficient morsture t0 suP port
an eectr lytic actjon, to which reference will present
ma e, However the important fact remains that a co trnq
? HSt once formed on iron Is no protection whatever agains
urther oxidation, but the reverse, so n all cases where rust
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lias once formed it is best to remove it as soon as possible.
Evidently the best way to prevent iron from oxidation Is t0
prevent the corrosive influences from coming into contact
wrth it, and for this purpose, whenever the use of the structure
will permit it, the surface should be covered with somethlnq
to keep air and moisture away from It. The most usua
protection is parnt whilst cement, asphalt and galvanizing
are also employed with more or Iess success

The subject of paint is one ver)r well worth study b{ engin-
eers, but 1S too complex to be dedlt with in the presen ecture
beyond making the statement that an ideal parnt IS one which
can pe easily Spread on the iron, will not tlake off, and will
quickly dry into a hard coherent coatrn? s continuous or free
from porosity that it will not permit of th ePassa e of mors
tyre or of air'through it.  Such arﬁ)arnt ha? no een found
although man 8 00d paints whe proper}/ put on do protect
mﬂa very marked degree the metal under them from corrosive
Influencés.

Portland cement is usually employed only for parts where
water s awa%/ gresent and ex errﬁnce with the inner
surfaces of the bottoms of iron and steel ships shows that where
It has been put on of sufficient thrckness to ensure durabrlrty
It effectuall}/ J)revents corrosion both when aWJ ljed or| ginall
to the bare fron and_to iron prevrously coate th good paint.
The thin coatran] of *cement wash aﬂ plied to parts WhICh
cannot be cemented in the ordinary way, however, cannot ave
the same ood character given to’it, as we see br the severe
Wastlntg ich occurs o the floors and reverse frames, tank
E LP efc., of vessels which have been treated in this way whilst

GaIvanrzrng ;! process of covering the iron with
a thin film “of zinc IS ver effrcren for a time n
most cases |n whrch I can bbe a |ed an w ere only atmos-
errc influences have to srste but after a’time It
|nc be mes wasted artr)d Its prese vatrve effect 15 lost,
en as t e |ron cannot n ga vanrze the further
preservatron must be attem P means of arnt
At frrst protectron IS affo ed sr becau e the frrst coat-
mg of oxide which the zinc suracea urres protects the metal
m further oxidation, but this in tr ewearso more oxide
ormf and at last the zinc coating, in spots, becomes com-
pletely worn through, leaving the i¥on surface exposed. The
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preservative effect, however, has by no means been lost,
and the iron in the exposed Parts Is still preserved by the zinc
remaining on other parts through what is called” galvanic
action ; ‘and not until the zinc "has practically disappeared
C(r)(}hg)dtehe whole surface does the now exposed “iron begin to
I two dissimilar metals are immersed. in a corrosive liquid
or exposed to a corrosive atmosphere which will act on both of
them, so long as they are not brou%t Into eIectrlc contact
each is acted upon in preuseyt esa emanner as if the other
was not present; but if the two metals are brouPht Into
electric union, then the whole of the corroswe influence Is
transferred to, one of the metals, the other e|n rotected ;
at the same time an Iectrlc current |?] e]t LIIP wh |c proceeds
from the most corrodible metal throug the liquid to the other
metal, and thence through the electriC path or connexion_back
to he mo?t corr%dlbe metal, In the case of a Plate of zin
one of iron being both immersed, say in salt water an
eIeetrlcaIIy connected the tron will not corrode, but the zinc
will, ommon anguage the Iron, |s protecte %t he ex
E)enseo the zinc.  This IS the princip ? ﬁon hic eens
he preservation of hoilers by means of zinc plates placed in
them. 1n a worn piece of galvanized iron there is electrical
communlcatlon between the iron and the remaining zinc, and
s0 the iron Is preserved at the expense of the zincso long as
anx remains,

t the same time let it be noted that there is a galvanic
current produced flowing through the electrlc c?nnexmn from
the ﬁrotected metal to the more corrodible metal.  The energy
of this current Is progortlonal to the chemical action, which's
represented by the ¢

Although e have taken iron and zinc af our |Ilhstratlon
the same results hold with any two dissimifar metals, one at
least of which 15 acted on_by the corroswe fluid, and we con-
stantly meet with cases in which dissimilar metals placed in
electric contact at one part, and subject to the same corrosive
action at other parts, Set up a galvanic action which results
In the protection of one of the metals af the expense of the
other. "Even when two metals so much alike In chemical
and physical properties a? wrou%h iron and mild steel are
used together the slight ditferences between them lead to some
galvanic action when’ they are exposed to suitable conditions,

rrosion
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and usuaIIy the wrought iron is then preserved at the expense
of t e n] steel.
et us take a glass vessel (see fig. 1) put in it a

Irqurd of slight corrosive power,1 and insert in"it two plates,
one of iron, the other "of copper. So long as there is no
electric contact both pIates are acted uporiin the manner
peculrar to themselves and fo the corrosrve liquid; but con-
nect the p ates say )Ba wire, and we have at ‘once a current
set ug as indicated by the arrows, and at the same time
t e iron plate 1s more actrvely corroded than before whil st the
Rer IS preserved. 1T now_[nstead and C being
ot immersed in the same liquid, which |t WI|| have been ob-
served conducs the. current from | tg C, they were immersed
In separate_cells which have no electric condUctivity between
them (see fig. 2), then no current is set up and no protection

is afforded to / by Z even aIthou?h they are connected by the
wire. For the galvanic action fo take place theref ore it |§
essentral that the current S oud flow fr m | |nto the liqui

d from the liquid Int T IS can earranﬁ; bY |mmer
srn%aconnectro B In oth cells and we then Rave the com-
lete galvanic action produced. Note that the corrosion
akes place where the current leaves | to 0 Into the cor-
rosive liquid. Now, mfstea of the ri ht an cell let us sup-
Pose we have a source o eectrrcrtay Sl(J:p lied altogether distinct
rom that obtained through the pldte C (see fig. 3), 50 that we get

1 In. these experiments the Irqurd used was water with one part
of nitric acid to 200 of water, a little common salt to increase its
electric conductivity, and d a small uantrty offerrocganrdeof otassrum
Trheeselatter gives anintense blue coIoratron when there Is a trace of Iron
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a current en_terln? | of the same mtenflty as before, and the
same intengsity of current consequently “leaving | into the
|Iq%lld,/ will then be under precisely the(fame conditions, as
before in being exposed to g corrosive medium and |n havin
a current passing through it. and it will be found that i
corrodes exactly as, before. We see then that one condition
to ensure corrosion is that a metal shal| be exposed to a corro-
sive influence, and that a current shall flow out of the metal
Into the corrosive liquid. This action is the cause of much
trouble occasioned by the wasting of water and gas pipes, etc., In
the earth by currents dug to leakages from electric mains, and
from the réturn ﬁaths of electric rails in tramways, etc. We
mu?,t return to this question of %Iectrol SIS b% and by when
dea mq with the deﬂosmon of scale on screw shafts but at the
present 1t 1s enough for us to note that all that is required

A? 3

to set up corrosion in a piece of metal is that a current, pro-
duced fomehow, either by the corrosive influence itself or by
some a together extraneous means, floes leave éhe metal where
It 15 in cOntact with a corrosive element, and that then the
amount of corrosion so produced is proportional to the amount
of the current and to the time during which it acts. It Is
evident that If the same_current 15 distributed over a large
surface, 0 that its intensity per unit of area Is small, the cor-
ro,Tlve fffec or loss of welght of the metal ger unit of area
will be less than if the same Current Is concentrated on a smaller
area. Hence we see that if the surface of the metal is for any
reason generally obstructive o the flow of the current, but at
the same time certain parts of it are less so than others, so that
these parts conduct more than their own share of the current,
then these parts will receive more than the average of the
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resulting corrosion,or in other words they erI become “ pitted.”
It 15 this whrch leads to severegrttrngr gaces where amt or
protective scale has been accidently local removed and
Rornts fo the |mﬁortance where scarn as to be done, of
aving it thoroughly done, otherwise the freshl¥ cleaned parts
will réceive the corrosive Influence which ought to have been
distributed over a larger area.

We will now take two cells and a battery, and we will arrange
matters so that in one cell the current from the battery enters
the Iron plate o be corroded, flows through the liquid to the
other pole, which we will make of carbor, which is an, incor-
rodible materral thence to a srmrlar carbon pole in the
sec n cell ten th r% the liquid to anothe Iron P]Iate
and thence back to the batteg We shaI |nd that in the
first cell, as before, corrosion dccurs on the plate where the
current feaves the plate to enter the mYurd but |n the second
cell where the current enters the metal from the liquid no cor-
rosion whatever occurs, even aIthou? ere is precisely the
same current passing through both cel

In the next ex errment we will make the current concentrate
a more than ysual proportion on one particular spot, and n
th |stcase we shall find the iron in a short time will be pitted
rl rough

gTwo mstances only will be mentioned of sources of current
affecting corr%sron on board ship : First, electri machrner
second, the differences of temperature to which different parts
of the structure are subjected. Electric leads are constructed
on two systems, the single wire with hull return, and the double
wire. In the single, wire the current leaves one pole of the
dynamo and Is drstrrbuted as required b{ a system of branch-
ng marﬂs From the |{3ht% etc,, it is reu %dtg thestructure

thes In, and thence fo t eother pole of the dynamo.
con ductivity ftwe steel hull of the ship 1s s0 enormr])us that

%ems at frrst sight that absolutely no gurrent could leave

etween the gornts where 1t entefs and the connexion to
the ynamo pole; but where there are sever? ways oEen for
a current to traverse, it I1s_known that it wil drvr e itself pe-
tween all of them, the portion flowing through each Pat ernrtr

Inversely proportional to %he resrstiance of hat path, so tha
some current, h weversr must flow th rouq1 every 0ssib
path between the electric light connexion and the’ dynamo

pole ; and if one such path lies along a way where the current
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will leave a corrodible metal to enter a corrosive medium, some
corrosion will take place there.  With a leaky cable the leak
similarly distributes itself over every possible path. to the hull
of the ship, and it may be that in Some cases it finds a short
path throgh some prp s or fittings which it corrodes .and which
otherwise would pe affected In”the double wire system
a defect In gne cable only will not Ieak eIectrrcrtK unIess there
Is @ means for the electricity to return to the other ca le.
there are defects in both Cables, then the leakage from one
to the other divides itself between every possrble course. In
this way, with either system, we get what engineers,on board
ship term * stray currents,” very difficult to detect, buf very
serious in the long run, not so much on account of the |oss of
power of electric plant the¥ represent, but because of their
sdreththough Islow action in etfecting the corrosion of some part
of the vesse

It.Is, however, perhaps from the differences of temPerature
of drfferent arts% the vessel that we have the mo? erious
results ensu? %ar steam vessels. 1t is a well known
experimenta act that given two pieces of the same kind of

metal eIectrrca ly connected, but at different temperatures, the
vvarmest will awa s be electro_positive to the other, and f they
oth are |n % me corrosive medium a current will flow
rom on e ot It is 1n the double bottoms under the
ool erst att IS fin sthe reatest |IIustrat|on Here we have
%II the conditions for cofrosion. The uPcP%r Part IS heated

the boilers, the lower plates are kept co he sea.

are In communication by the floors, etc., and are surrounded
either by sea water when the tanks are full, or by moist air
when they are, so -called, empty. Acurrent Is set (p an cor
rosion occur(? Th eremed [[r)lpears first, to as much as Ross}
lessen the differences of “temperature Preventrn gt e
of the boiler from reachrn% the shrﬁ] stricture, and ‘second by
ensurrn(t; that there 1S no corrosive medium erther of sea water
or moist air in these spaces. This can onl be one Iyensur
ing _that the spaces are kept absolutel hird|
aying particular attention to keeprnt]J these arts thorou%h%/
tected by paint inside, and by paint or gther means
srde h? ornts have much more attention grven to them
now than or etr ut they are s0 very important that they

ear repeatin emiphasizin
Anot er |?)art gof the \Pesse\ % which  differences of
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temperature must affect the structure and set up currents is
In way of refrigerating spaces. Here, however, the reverse
conditjons occur, The parts of the vessel hidden from view
behind the Insulation are kept cooler than normal, and so
they tend to be preserved instead of corroded ; moreover, they
are"kept dry instead of moist, and on these accounts they do
not corrode or give undue trouble or anxiety. The same
influence of djfferences of temperature can offen be seen In
boilers. . For instance, the shellof a donkey boiler, If corroded
at all, will be found to be corroded on the side nearest the main
boiler chimney, and to_be free from corrosion on the other side.

We have spoken of corrosron as due to the action of a
corrosive liquid or medium on the metal either under normal
conditions, or intensjfied b%/ electric current so arranged that
the cyrrent leaves the mefal to enter the corroding medium.
Now for a moment consider the reverse action. Turning to
our orrﬁrrnal experiment, we saw that if both the plates weré by
themselves corrodrble in the liquid, when electric contact
was ma e the one Whlgh Wa? |east corroollble was ﬁrotected
by the arrangement, and we also saw that it was not necessar
tg have two dissimilar metals to make the one corrode; a cur-
rent, however generated, was suffrcrent to effect the same pur-

ose provi e(? it was made to |eave the metal  Now [ef us
everse the |rect|on of the current, and we shall_find that,
provided it 1S made to enter the metal from the liquid, cor-
rosion is stopped This experrment shows that elettric cur-
rents may be made to Rrotect as well as to corrode.

S0 far our remarks have all been made to apply to the case
of ametal of homogeneous structure, that IS to say one of which
each and ever Romt has the same physical % erties. Let
us see what will gpen If the metal |s ot homogeneous.
metals are absolutely pure. How are the various |mpur|t|es
which exist In the m tals actually distributed through the
mass, When two or more elemen arK substances are mixed
together we produce either one of three different krnds of
arrangement of the |nd|vrolual articles. We maﬁ/ have. firs
what scalle a mechanical mixture, |n which eac dtndlvrdua
particle of each substance has retained its, own individuali a/
and 1s merely mixed up with the other Partrcles and if we ha
gatlence enou%h we could again separate each from each.

n nstance, consider a mass of jron and prass filings mrxe
together as Intimately as possible. Each particle” of iron
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remains iron distinct from all the particles of brass, and the
use of a magnet will be sufficient to again separate all the iron
from the mixture. _ o o

Next we may have a chemical combination; definite num-
bers of atoms of each component unite to,%ether and form a
new substance with altogether different physical properties from
those of either of the component parts. A Chemical combination
has the property that each part of it, however minute, con-
tains precisely the same definite proportion of each constituent
as every other part, whereas in a mechanical mixture we may
have very considerable variations of the different constituents
when we closely examine very minute parts of it.

Thlrdl){ we Have what is cdlled a solution. As an example
take a solutjon of salt in water. Here we have, when caretully
examined, the same proportion of salt and water in each and
every part, but the_proportions, instead of bemﬁ,defmlte_as
they“are in a chemical compound, may be anyt mg rangin
from the very smallest amount of the dissolved subStance u
to that particular amount which saturates the solution. (Under
certain ‘peculiar circumstances it 1 Po_sslble In some cases, to
have a uPersaturated solution, but this s always a condition
of unstable ea1un|br|um. . _

W% not. only may nave liquid solutions, but the same
equable distribution”of the ope subsﬁan,ce within the other,
If'In the solia state, is also_called a solution, but In this case
It.1S gbne_rally called a “solid” solution, The three states of
distribution of different elementary substances then are: (1)
Chemical compounds distinguished b% every part, however
minute, by belngcomposed of precisely the same definite atomic
P_ropor_hons,_an conseﬂuentl bemrg[ homogeneous , d(Zg solu-
lons In which each and eveéry ga also IS composed of Pre-
CI_86|¥] the same proportions, and the substance is therefore
still homogeneous; but these are not atomic proportions and
may be varied indefinitely below the maximum_or saturated
condition of any one of the constituents; and (3) mechanical
mixtures in which, when mmute!y viewed, the substance Is not
homogeneous, some small measurable portions being composed
wholly of one constituent and others of oth?r constituents.

When we come to closelly examine metals we find in them
all three forms of these arrangements. As an example of g
chemical compound let us take a yellow hrass composed of
about two atomic parts of copper to‘one of zinc.  If the copper
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IS first meIted in one crucible and the zinc is then added either
by havmg een separately melted and poured Into the copper,
of even ¥ being g) ut as a solid mtotemoten cogrn com
bination ak ce W|th the evolution of a considerabl
amount of eat an the_resulting metal is altogether dn‘ferent
from either of its copstituents. ~ It s perhaps not so ductile
as the copper, but is immensely more so than' the zinc. [t has
a different colour from either of Jhem ang is stron(fer than either,
Whereas coRper can be worked either hot or cold, this cannot
be worked hot—in fact it is a different metal altogether.  If
Instead of takin two parts of co Per to one of zinc we take
about equal ato uantltles and treat them in the same way,
we obtain another chemical compound. Like the other 1t Is
Yellow harder than copJJer and._ possesses considerable duc-
ility, and s altogether different in its physical qualities from
either coP]per or zinc. It is g true chemical comPound
Now instead of taklnth] either_of the proportions named,
suppose we take some intermediate. proportion, say 60 per
cent,. copper and 40 per cent, zinc, which is the com-
posmon of the alloy so. well known™ under the name of
Muntz Metal.” We still, on mixing the molten metals
0 ta|n chemlcal action with the evolution_ of heat, but what
reall ta es place I1s_that we get a mixture of the two
chemjcal com ounds CuZn and CuZn. There is not enough
zinc In the mixture to make all CuzZn, nor is there enougn
cop per to make all CuZZn, so when equilibrium | |s obtalned there
%a mixture of these two copstituents in suc a. r% rtlon
that every atom of copper and every atom of zinc is combined
in one, or. other of these proportions. . While the resultlng
metal is fluid each of the components is mutually dissolve
In the other and we_have a homogeneous solutin of CuZn
In Cuzn, or of CuZniin CuZn, whlcheverwa We cnoose to view
the matter. If now the mass can be coole ep/ uddenly we
arf able to retain the two constituents In the| homo eneod
? ution, and we have ahomo?eneous solid so utlon as a result.
however, the COO|IHQ1 Is allowed to take place more slowly,
then each of these metals seep%rates ?ut 1ro theother and the
result i1s that we have a mechanica mlxture of the two con-
stituents. _Here then we have in one al OZ “Muntz Metal,”
an exemplification of two different chemic fcomPounds each
differing from the constituent metals, of solid solution of one
of thent in the other, and of a mechanical mixture of the two
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chemical compounds, the condition of solid solution or mechan-
ical mixture” being_solely in this case due to the con-
ditions of cooling “from 3 high to ordinary temperatures.
Actually the separation of the two constitugnts. takes place
at a temRerature lower than that of solidification, so that
here we have a wonderful instance of the transference of
solid metallic. molecules. through the solid occurring. during
the *segregation,” as It is called of the different constituents.
This.is a stbject which has not been fully investigated and 1s
outside the scope of the present lecture, byt some llustrations
erI be_given to show what actually takes place, as the mechan-
ical miXture or separation of these two Mmetals has a distinct
bearing on our subject,

Theactual mrxture of the two constituents is shown by the
mrcroscooN Both the compounds are of the same yéllow
colour. When the metal is cut It appears to the eye a
homogeneous, and when it is carefully polished and micro-
scoprcall}é examined It strII presents the a pearance of a yellow
mirror-like surface \grt no n&arkr éever onit. “Letit
now tI etche wrth ac de |nrte mar rnlg
on It, ce arn portions of esurace ecome darkened whilst
others remain’ bright.  What has haﬁgened is that the acid
has really commenced to djssolve the surface of the CuzZn
portions,” leaving that of the CuZn untouched.. How we

recognize each constrtuent which we see Js by taking, several
sar%?les of alloy varyrnﬁ n com osition from uzn to
Cu treatrn them” all in the Same way, we find that

th eCuZn allo rs composed entire t)h()f the dark etchrn? con-
stituent, the CuZZnentirely of the other, while In those al oysof
mtermedrate composrtron there is alw %s a mixture of “the
two substances, and t(e proportion of them varies just as the
composition would lead one to expect.

Now returning to the questron of corrosion, The etch-
|n by the acid whrch reveals the structure is srmply a case
f rrosron Here we have two distinct metals, each
|tse corrodible by the acid. ~ They are n excellent eIectrrc
contact and are both immersed in"a corrosive medium, -
vanic actron ensues, the one least corrodible is reserved
through the contact wrth Its neighbour, which however s
more vrg{orousy attac ed and eaten away hy the acid. So far
the matter is simple, and this explains what used to be con-
sidered to be so very mysterious, the decay of Muntz metal
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and somewhat similar aIons when exposed to the action of
sea_water. Some examplesof this dec I\/}/ are eref own,

There were exhi |ted ortions of a untz metal condenser
tube plate and of a Muntz metal diaphragm pIate some
sRemmens of deca ed %/ellow metal boIts takén from Wooden

ships, some brassp ots aken from a_circulating pump chamber,
and a metallic air pump _valve. The Iatter was apparently
sound, but it could be easily broken up ¥]t e hands.

It was noticed that In each case where a decayed piece
of metal has been broken the surface appeared to be dull and
non-metallic; where, however, the |ece was filed it had a yellow
metallic appearance, glvrn% Cpractrca y no _indication “of it
actual character, altholigh a careful comparison with_a piece
of sound metal 5|m|IarIy filed will show a distinct drfference
In_brightness.  How i this to be accounted for ? It we
take as an illustration a wall built with red brrcks and white
mortar, and supposrnﬂ the bricks are stronger than the
mortar, then if the wafl js broken down by force the ruptured
sorfaces will show principally the white colour of the mortar.

however, the wall is sawn through or carefully cut right
through the bricks without draggrng anY of them ‘out bodrIY
the fracture erI show maln g the red colour of the brick t
IS similar in the case of the decayed Muntz metal, In t
sound, metal the two constituents (%re mixed UP mechanrcalley
One of them then becomes decayed, and then it Is represented
by the mortar of the illustration, the other remains practrca y
sound and s represented by the bricks. On fracture by blow
the rotten Portron grves way, and we observe Its colour as dull

rown filing the metal some of the sound portions
are fil ed through and we get the bright metallic ‘appear-
ance.

It ma asgn blg be asked why is it that in some (ases
the metal w $ or corrodes’seems to do so In a (i er
ent manner from tha shown In the specimens exhibited,

|sap£ears entirely with tlr [pr servrn% Its qutward form’>

ganatlon IS probably to be found In the variation of

the intensity of the corrosrve Inflyence. ~Where ther are no
extraneous eIectrlc currents to assist in the corrosion, fo Iy
the action of pure sea water, then the (icay Is slow and af ec
nly the one constltuent roba }/ consists of a_ slow
oxrdatron of the zinc, eavrngt ecop rin an extremely finely
divided metallic state.  The zinc oxide formed must in part get
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dissolved away, because the total volume of the deca¥<ed metal
and oxide 1s only equal to that of its original bulk, but In
part it surrounds the minute pieces of copper left and partially
Insulates them. 1f, however, there is in addition to the
chemrcal action of the water, an added electric current
the actron ma be suffrcrenty strong to oxidize not on Y
zin¢ hut aso he copp the mgst corrodible constitugnt
and the effect of th current then falls on the other constitu-
ent, and it also begins to oxidize and decay with the result of
the formation of a pit hole or the loss of orrgrnal shape If
the added electric current is strong it ma actua from the
first overcome the profective |anuence of the CuZn on the
GuZZp, and then corrosion of hoth constituents will take place
srmultaneousl¥
The case of Muntz metal has been taken because of the
srmpllcrty of 1ts structure and the striking effect of the cor-
rosron of ecag to w |c it |s sometimes subgect and it i
therefore an xam le of what may be expécted when a
heterogeneous meta 15 subjected to corrosive, influences.
The effect of impurities in metals may be inferred to be the
following. It the impurity is of a nature to be dissolved uni-
*formly into the metal'so that the impure me(sal IS homo?eneous
Ioc?I currents will not be set up at all, and the impure metal
will be onIy supject to corros on pure and srmpI and will
erther tend to be Ipreserve or to be more rap dly decayed
according to t e effect the impurity has. For Instance, take
a brass which has not a du Iex structure, sa that used In
ordinary. condenser tubes, 70-30 as it Is cal I there |s
a little tin in it, either as an |mRur|ty or intentionally added
the tin drffuses unrformlﬁ/ throu? the metaI and has the effect
of retarding or diminishing cofrosion. [T, however, the im-
purlt?/ be a“small proportion of lead, it aIso will be diffused or
dissolved uniformly through the brass, but its presence will
render the brass more co rodrble
When we come to more complex alloya we in general get
a still more complex structure an in ofdinary Muntz metal.
Most, It not all, of the so-cal eﬂ s(pe%al bronzes used for
ropeIIers etc,, owe their strengt the iron they contain,
arg marnn¥ copper-zinc alloys of the Muntz metal
5]( e with a small proportion of |ron tin, and sometimes
other metals. The tin appears to go into solution Wrth one
or other of the constituents, and cannot he separately ob-
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served The iron grobably combrnes with some of the zinc,
d the compound dissofves in the metal so On% as It
proportron does not exceed that at which the metal hecomes
saturated, which | believe is with about 1 per cent. iron,
When, however, the iron exceeds this 1 per cent, there can
always be seen In a prepared polished section of annealed metal
num rous small points harder than and of different colour to
the rest and these contain the excess of iron combined most
robably with zinc.  When etched these points are the first
be attacked and dissolved. ~ These bronzes do not always
e ave in the same manner. In iron or steel vessels théy
enerally last well. — Inseveral composite vessels with coppered
ottoms the bronze propellers made for the different Vessels
bX different makers all dezincified on the surfai:e In the first
case noticed this was attributed to the vessel lyin foralong
time inimpure river water.  The propeller was filed” bright an
the ship was then employed In 'deep sea water, and It was
foundt at the same ‘thing occurred in the new condrtrons
In subsequent vessels the same action took Ipace Now in.iron
orsteel vessels this kind of action has scarce y ever been noticed.
It was, therefore, reasonable to |nfer t at’ it was due {0 the
exceptional circumstances of the vessel ernghcoppere In fact
the bronze propeIIer and the copper sheathing’ Immersed In
sea water f orme agavanrc battery,
_ eavrn% bronzes now, let us turn to cast iron, which
5 well known to suffer severeh{ rom decay. In certain con-
rtrons although In_ other conditions 1t remains good for ap-
parently an indefinite time. Cast iron is perhaps the most
comlolex in structure of all the metals used in every-day work,
as also It 1s the most varied in chemical composrtron Every
known brand of pi se?ms to have a drfferpnt com ﬁosrtron
e ending on the o? rom which it is smelted, while even
urnace workrng with the ame coke, ore
e produced. [n all cast
srderable Rroportron —S m%

rom the same blast
and qux ditferent grades of Iﬁ
Iron?we have besrd s iron a o
trmes as mu% as 3’5 per cent.—of carbon, some of w p
be combined Wrth Iron formrng carbrde of |ron whilst
the remainder exists as g raphrte we awas ave asolpresent
In various propprtrons silicon,  sul hur gsrp orous
manganese, a whrch re reco gnized a?] ordinary constrtu
ents,-and often we have other elements such as copper arsenic
etc., as well, which are looked upon as impurities. 'Each of
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these elements, according to . its amount, influences the
physical properties of the cast iron,
hen the iron Is molten the whole of the elements, however
they may be combined amongst themselves, must be in a |qurd
for .untformly diffused through the mass, and_the molten
cast iron Is homogeneous, or majnly'so. _On cooling, the first
to solidify and to” separate out is SomeJjf the cartion, which
separates out In plates or partly spherical shells of graphite,
It"the cooling s very slow thesé graphite plates sepdrate out
In larger sizés than where the cooling is more rapid, and the
|ron IS more gre%/ and soft. Next, other parts separate oyt.
The silicon com |nes with iron and_manganese, forming sili-
cides. The remainder of the carbon combines also~ with
iron and_manganese, forming carbides. The sulphur com-
bines with some iron, forming a brrttIe slag- Irke substance
FeS, (iron sulphide,) which separates out in”small ?artlc es
throughout the mass and finally the portron whrch olidifies
last 1S a com ound of iron andg) osphorous. - When cast iron
|s carefu lh/ %epared for examination bv pohshm%the ?raphrte
plates ca e cear seen, even. with small ‘magnification
as can also the small artrctes of iron or man anese sulphide,
but the rest of the materials remain bright. By etching, how-
ever, and by heat '[Intln(i] the different consfituents can be
seen and reco%nlzed and It is found that the phosphldeof Iron

Is always at the greatest drs]tance rom the % aphite flakes,
occuPymg, It max be said, the centre of the Paces between
the Tlakes. In this comp 1ex metal we have he very con-

ditions for aIvanl actron to be s t up, directl ry a corr?srve
medium envelops the cast iron. The mlnute aphite plates
are not readrnv xidizable, the mmedratelfv becomethe mute
oles of a uItltude of m| iature galvanic batteries.
Phosphrde of Iron also aPpears to be very resrstant of oxrda-
lon, so that the parts of this constituent also probably serve
as Poles of other minute batteries. At anZ rate we have
eve ?ndrtron for a rapid oxr atlen of the Surface.

w et us see how the decay.of cast iron proceeds. It is
only too common t? find iron castm%s which have been subject
to the mquen%e of sea water so_3oftened that they can” he
cut with a knife, and in this condrtron theé/ are generaII sald
to have been converted into plumbago. carefully prepar-
Ing a section of a wasted cas ng at the Junctlon of t esound
and unsound portions, it can b€ seen that the decay tirst at
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tacks the i |ron at Its ’unctlon with the graohlte pIates |t then
advances aon the plates, and th engra procee ds th rough
the metallic port|on surround| ’\gl plates, leaving the phos
phlde compound till the last. oreover |t is found that these
osp hide portions have not only been left to the last because
Y have been the last attacked but they are Ieft Intact in
arsw ich have evidently been decayed for a long time, so
hat it IS clear that they themselves offer great resistance to
corroston
So, tar_we are considering corrosion of cast iron by itself
but it will be seen. that, %lven in addltlon a galvanic current
In the right direction from an outside source, we need not be
surprised-at the rapid rate at which corr05|on will oceur. Now
agaln, let us consider another point.  If the corrosion |s simp ry
OX|dat|on then |ron omde belng racticall |nsqubIe In wate
will itself'form a thick coating of rust on the cast iron, wh |c
although 1t will probably transmlt oxygen through itself, a
mentigned i the earlier part of the lecture, and lead to further
oxidation, will_not in" any way account for the Iumbago
like condition in which, decayed cast iron is sometl es found
To account for this it is "evident that plain oxidation IS
insufficient and that there must be, in some way, other cor-
rosive Influences which permit of a solution or partial solution
of the prodycts of decay and the consequent removal of
some of the_rop.
An analysis of some of the plumbago-like substance formed
by the decay of cast iron is given fere.

..... T 1 |
G,ra [1CT— 18
SHICON oo, .. 4-66
Phoslphorous .. 3-68
Squhu ........................................... 5

........................................

From thls |t hs aear that whilst all or nearlg e}ll of ttste carPon
silicon and pr osphorous have been retalne one half of
the metallic |ron ha gn removed w iIst the remalnder ?f
the Iron 1S Fiaft reduce (to th%form of oxide.  Such a resu
will probab hyb accounte for by the formation of chloride of

Iron throug the action of ?alvanlc currents and sea water.
Il\dowt folr a few minutes fet us return to wrought iron and
mild ste

Speaklng very roughly or roundly, we say that whereas
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cast iron consists of iron with a large proportion of car-
bon, steel consists of iron with a considerably less pro ortlon
of carbon, while wrought jron Is iron contammg 0 carbon
that 1s, It'is spoken of as being pure iron. [t 13 the general
experience that, given the same exposure to corrosivé influ-
ences, high-class wrought iron, such asLowmoor, Bowling, etc.,
rusts more quickly than the more common iron uséd for
ship an ndg}\eI plates, and that mild steel corrodes more
qmc y still. Now let us see 1f the structure of the steel in
anr way explains this.

n.cast iron much of the carbon exists in the form of graphite
but in the case of steel all the carbon exists in a combined
state, either as FedC, or Mn3C.  The carbide itself becomes ver\
intimately mixed up with a definite proportion of iron; the
mixture of jron and carbide 1 called “ Pearlite,” and this mix-
ture 1S such that the percentage of carbon in it is o) in
steels containing less than Per cent, of carbon—and 'these
steescompnsea structural § e—|t is found that the carbon
all exn}s in definite areas of “pearlite,” leaving the remaining
parts of iron free from carbon ThIS Pure ron‘is called * Fer-
rite In steel contalntn% er cen carbon such as chisel
stee get the whole Structure comprise earhte IP
cont Ining *4 per cent, carbon alf 0 |t be pear
|te and half ferrite. In stee containing say <22 per cent
carhon, such as some b?| erfate steel, w elget abou(s uar
of the whole area pearfite, and the rest ferrite, an feera
the amount of pearlite Is proportional to the amount of carpo
In the steel. In steel con alnlng a greatergrornortlon of carbon
than -9 per cent., such as somé tool steels, the structure cop-
sists of pearlite and carbide, which is then called * Cementite.”

Now Iet us take two polished s emmens of steel, one con-
taining ess than - é)er cent, carbon, and the other more,
One WI con3|st of fi nte and H}earhte the other of cementjte
and pearlite. both of the specimens In dilute acid,
and in both cases the portion first acted on s the pearlite.
After considerable action has, taken place in the ‘pearlite
then the ferrite in the low carbon steel I1s commenced to be
attacked,_but the cementite in the high carbon steel escapes
actlon The explanation here is galvanic action, The car-
bide of iron |s electro ne%atlve to the ferrite, and so In the earl
Ite where the two constituents ar? in close jUXtatiJOSI'[IO
carbide 1s not acted on, but the ferrite, is Tapidly dlssotved

r—!-
('D
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This leaves the surface rough, and it therefore shows up dark
coloured under the microscope.. After a time the acid has
eaten most of the exposed ferrite out of the Rearllte_, leaving
only its carbide fo be acted upon, then the action com-
mences on the adjoining crystals of ferrite, and _the}q com-
mence to_ dissolve in the case of the soft steel, but in the case
of the high carbon steel, where there is no free ferrite, the
action is Still confiped to the pearlite. Now instead of the
acid used for rapid etching let us assume ordinary oxida-
tion to be takln? place. In’the chisel steel we have the sub-
stance practically all_ pearlite. It oxidizes quickly at first
by reason of the Tron in the pearlite, but the pieces of carbide
hold the rust so formed, and the action is rendered slower.
In the mild stee] we have the innumerable small galvanic
batteries formed by the pearlite and ferrite in jUXtapOiltIOD,
and consequently “the metal oxidizes rapidly” by galvanic
action, and' the action will be %uwkest when_ the proportion
between the pearlite and ferrite is that which gilves the greatest
Intensity of local current.  Consequently mild steel corrodes
more quickly than the harder steel uséd for tools. .
. Next we come to the Lowmoor irons, known as “ steely
irons. We have a metal containing only a small quantity of
carbon, and we find in it small patches of pearlite, g]ust enough
to Sf’[ up some galva_nlc effect, and conse(iu ntly in their case Wwe
([]et ess rapiq corrosion than in mild steel, but’still more action
han there is in the commoner irons which contain scarcely
aney carbon, and which are known to rust less rapidly than
the_better class 1rons and structural steels. _
There are, of course, other reasons which affect corrosion.
For Instance mangélnese IS a very oxidizable metal, and It is
only what would e expected that stee| comparatively high
in manganese should corrode more rapidly than that in'which
It does not so much predominate, ~ S 'f ur also, whep it
IS in seel, seems to exist_mainly. in sn}al_lsolatedlvfaartlcle
of sulphide or manganese situated’in the territe, but Mr. Stea
has found that sonie of the sulphur becomes dissolved in solid
solution In some of the ferrite, and that It is then by no means
uniformly distributed through the metal. The gar,ts where
It 1S segre ated are called * ghosts.” by microscopists, and
they corrode or etch. much more ,qumk_!)y than the rest of the
mefal, probably again by %alvanlc action.  Sulphur, then, as
well as ' mangariese”is objectionable from the point of view of
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corrosion.  The effect that rPhosphorous and silicon play
n reﬁard to corrosion IS not known with certainty.

What has been said about local or stray currents existing in
a.ship may not appear to be quite clear. It may be easily apgre
ciated that in a case where there is powerful electric ma-
chinery, leakages from the electric mains may set up local
currenits ; but éven then the matter seems obscure and requires
a deal of, shall | say, faith, to believe that these leakages are
the cause of corrosions at a distance from them and technjcal
skill of a high order is required to trace out the connexion:
but when we come to a car% steamer without electrical
app jances, it does not seem unreasonable to say * How can
these things be ?” but_that such currents do exist even In
such cargosteamers | will now proceed to show.

We have seen that when a current is made to flow from a
surface into a corrosive medium, corrosion isset up. Now let
us consider what happens In electro plating, and in the electro
deposition of metals. Here we have a current made to
row from the anode throu?h a Ilqturd to the cat} Oéj 3
|qU|d |sasoI tlon ofasalto the metal r rLuued to e ePosue

eca hode. The anode is made of the same kind of metal
as it 1S desired to deposrt When the current flows, the salt of
the metal 15 split_up. its metal is deposited on the cathode
and its acld s formed ?n the anode, where, meeting the
metal It mﬁes with If, re ormmﬁ; an e uaI amount of the saIt
to that whic il split urrl) oweve the anode were ma e
of an mcorrodlbesubsta ce, the splitting up of e salt I solu-
tion Would still take place with the c?rrespon In deP ?rtr n
of metal on the cathgde, and thls woud contmue ntil all the
salt was used uri It now we find that electro de%osmon o
a metal takes Pace we re swe that there must have been
an_electric cur ent to effect t

Now for the instances referred t%

My attention was drawn two or t ree years ago to the case
of a carrIro steamer which was then four ears old, with no
electric Tight f|tt|n?s and_with a cast-ron Bro eller.
screw shatt was fitted with a continuous gun-metal Imer

and 1t had ngt been previously drawn sincé it was fitted,
It was very difficult to %et out, and It was found to be covered
at the Rarts between the stern tube bearings with a_hard
brownisn scale of % %recater thickness than the reduction of
radius of liner whic been made between the bearing sur-
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faces, Some, of this scale was submitted to me and | examined
it microscopically, and found it full of br|?ht metallic_spots
apparently of copper. | had the scale analysed, and it ‘was
found that no less than 14 per cent, of it was pure metallic
copper, the remainder being mainly carbonate, not sulphate,
of lime. . There was a little fron in 1t, probably as |ron 0XIde,
but no zinc or tin. Where did the co per corme from ? The
stern tube was of cast |ron The onl ¥] apossmle source of the
copper was the gun-metal liner of the shaft or thegun-metal of
the stern bush. ™ The liner, however, was found to be erfectly
sound under the scale, and perfectly sound and brlﬂqt where
workmg In the lignum-vita: bearings, and the metal of the bushes
was not in any way wasted. Minute examination of the scale
showed that the copper and the calcareous parts of the scale
THMUS St Of Copper N b Geposied on s cunmetd
Inu | u
liner, Whl%t'[ ne sp acgf between themphad been flﬁg up with
scale; further de osmons of copper had taken gace on some
of these first crystals, and more scale had., beend posne some
of the crystals” hecoming buried g in the "scale. Then
those still unburled got more Ccopper deposned on, them ;
then some of them % buried up in"scale so that in time the
exposed. copper crystals became much fewer in number than
at starting, and the whole scale began to take on a nodular
ﬁ?] earance Some samples of such scale are here exhibited.
e explanation of the presence of the copper appears to be
that the rotation of the shaft rubs off exceedmgly minute
partlcles of the gun-metal from the bearing surfaces, these
particles become “dissolved in the water in” the stern tube,
robably as chlorides of copper, zinc and tin. The solution
ecomef electrolyzed by a current WhICh wherever |t ccimes
rom, leaves the water and enters the unm mer
between the hearings, deposmngt e copper | omlg
leaying the zinc and tin' chlorides unacte(d on, |n acco ance
with the well-known law that with weak_ currents ony the
most negatlve metal 15 deposited. This Js not ﬂng
meaps an f olated 0ﬁse for in several cases since | have G|
similar scale brought to me from conﬁlnuous liners, and  In
every case | have found a considerable amount of metalllc
coPper In the scale. In each of these other cases the
Be lers have been manganese ronze, and_there has een
lectric machinery in thé ships; but in the first case the pro-
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peller was iron, and there was no electric light, and yet there
was an undoubted case of electric current for this alone could
account for the eIectro_IYtlc deposition of the cogper. _

The next case | will refer to shows the obscurity of the
E),roblem, as it appears that at some time or other, in this par-

icular case, the current became reversed.

In a circulating_pump the bucket was gun-metal, the rod
was naval brass. “For some reason water gotin between the cone
of the rod and the bucket, and the naval brass (which isa copper,
zinc, tin alloy of the Muntz metal typeg,became dezincified on'the
surface in the way we have describéd when discussing Muntz
metal, the zinc and tin vanished and the cop?er was at first
left in the usual spongy form. ~The rocking of the bucket on
the rod, however, hdmmered up the spongy copper Into
films, more decag/f ok ﬁ}lace, more sponginess occurred, t_? be
again consolidatéd e rocking of tfe bucket into films,
and so we obtained the laminae exhibited; but at some time
or other s_omethmg else occurred.  Some of the copﬁer must
havegot dissolved,and thecurrent becomln(t; reversed, thecopper
was Te-deposited on one of the laminated pieces of spongy
copper ina heautifully crystalline form.

The Chairman : You will all a?ree with me that we
are very much indebted to Mr. Milton Tor the very Interesting
lecture” he has gjven us. He has spoken so éxhaustivel
on the subject he"nas so successfully undertaken, and the vast
amount of ground he has covered, fuIIY bears out the view
| expressed’in my _rellmlna[K remarks, that nis lecture would
not only be interesting but likewise instructive and extremely
valuaple. We shall have a 9oo_d opportunity of apprematlng
the full value of the lecture itself. It is not proposed fi
have anr discussion to-nlght. It would be better, before this
takes place, that the members should be supplied with 8
report of the lecture. After that many of them will have
something to say on many of the points raised. Th,eZ mar%/
be able to say whether they look upon all the details fro
th? oints|of 'view the lecturer has ?lve_n,_or from what we
call persistence of change In nature—for it is all that, It has
been arran?ed by the Council that the discussion of this paper
will take pface on October 26.
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Mr. W irtiam Lawrie (Chairman of Council) ; | have very
?reat pleasure in proposing a vote of thanks to Mr. Milton
or the very instructive lecture to which we have just listened.
His knowledge of the subject 1s wide and comprehensive,
and the menbers of the Instjtute feel very grateful to him
for the very clear and thoughtful manner”in” which he has
ut the subject before us. To say that we appreciate Mr.

ilton’s kindness is to put the case in a somewhat feeble
manner, and | am sure that when the chairman puts this
vote of thanks to the meeting it will be demonstrated not

only that we have profited from the lecture, but that we have
enjoyed it. | have very much pleasure indeed in proposing
this 'vote of thanks

Mr. Joseph Hatter (Member) seconded the proposition,
which was unanimously carried.

Mr. Mitton, in acknowledgrno sard Before I saey very mych
more, | should like to remark that | thought w were going
to have a discussion, and that the drscussron would have been
commenced to-night.  One of the members. (Mr. Doherty
sent In a very Interesting sample of corrosion, the subjec
with which wé have been dealing to-night. | onlv wish he
had been able to draw our atten ron to 1t. Had 1 thought
he was not to h ave the oI%portunrt should have mentiofed
It in my lecture. esa le he has sent in is this pumping
rod, whroh has decaeyedt rough, as one can see, Or very nearly
through, Jeavin thing aP arently sound.  He has brougfit
u the leces that broke of from It, and he_points out, as |
| |nt sampeslput efore you, that 1t still looks metallic
g/et inanother part of the rod there are indications of
actu decom osrtron of copper. This apFears to have been
a case where he ec(? Rosrton was actually due to a chﬁnge
In t e currens 0 now the conditions whrch ave
rod uce the. change In thrs case, but no doubt th
OH%t out in the discussion., | am.much rv
vrng listened to me, and or passrng this vote of tha
On the” motion of Mr. Balfour, seconded by Mr. Do erty
gr dl\ﬁate of thanks was accorded the Charrman for pre-






The death of thli\ofﬂcemo suddenly

* tain .
8?1 October while" wa m(}msﬁorﬂmf %otlan crulse |n the % e‘g?r}dp

ty as sta en me [ WI ome eet, a sno B
mav\y ?n meersq om he was Y]\l Sh 0 ra € an rella 8 1en
? ell & t0.a large ci ce be 0ﬂ {ﬂ £ asa mire an .esteemea for Ié
0rts t? maintain” and enlarge the OSSIbI &IES 0 enegrmeers In their OW Bal’ |
P erﬁ clio IS femaing were OHVGXE ness,on oar e

o W W|t due to.his station.

ich were Interr urs
el R e e e Wﬁtﬁ% i

neer and durm
n,% Service 0
R’ ur years he
tained ém

ce en recor n

Several o¢easions

rican Waar as
%M[lveglng}l] )ﬁov%er-
Inger thﬁ crerﬂt

gn distinction |n
IS own sr;])?mal

P%r?derede cdnmger-
e _assistance Hw

dcting e

EH%I }Iil %ralmneg

U|re outS|e
o akeen |nt rest
KJ roc |n ?
arl meers
W c

member avme
Ere | en t as[repe
enta v

n e
a engu ar com

as 1
a a| gégwa ds

The Late Engineer-Captain R. W. Edwards, R.N. o mr:gnre[rla
h titution Q
[ R 20 fes'dedmuﬁfe@f o ath

0SS WhIC i ealf Xm so and we unite In 0 nn our re
e Ll "Vwe%’for.
g\fso}% t]oss %he aplgf Service has suffere(!H ﬁISd

* Reprinted from The Marine Engmeerand Naval Arch|tect Nov. |, 190s.



All Rights Reserved

INSTITUTE OF MARINE ENGINEERS
INCORPORATED

Vol. XX.

PRESIDENTIAL ADDRESS,

On Monday, October $th, 1908.

LECTURE ON THRUST BEARINGS,

By MR. GEO. B. WOODRUFF,
On Monday, October 12th, 1908.
Chairman: Mr. W. C. ROBERTS, R.N.R. (Vice-President).

PAPER NO. CL.

TIMBER USED IN MARINE [INSTALLA
TIONS FOR THE CARRIAGE OF
REFRIGERATED CARGOES
By Mr. C. M. B. DYER (Member),

On Monday, October 19th, 1908.
Chairman: Mr. E. W. ROSS (Hon. Financial Sec.).



INSTITUTE OF MARINE ENGINEERS
INCORPORATED

SESSION 1908-1909

President: James Desny, Esg.
Hon. Treasurer: A. H. M ather, Hon. Secretary : Jas. Adamson.
Members of Council:—

eo. Adams. E Cooper, R.IN.R. John MclLaren.
. Battle. Elmslie. J. T. Milton.
Campbell. E Hulme J. F. Redman.

John Clark. Lang, RN.R. W. 1. Taylor.

W. Lawrie— Chairman.
Hoi. Minute Secretary: J. G. Hawthorn.
Hon. Financial Secretary : E. W. Ross.
Conveners of Committees . —

Geo. Adams, P ress cuttmgs W Lawrie, C|ty remlses
E. Battl n McLare I'O ery

C . jal events. E Redman,
bE°E°|prenrs| ssijb CI]ramsactlons W | Taylor, nnu I Dinner.
Hulme ﬁeadl oom.
G. Hathrn and Jonn Lang Joint Corﬁ/eners Jumqr Sectlon
1. Clarkand McLaren— JoInf C onXers erlm?nta DeP rpern
Mr.George Shearer— ﬁepresentatlve on AQvisory ommittee, Boa rade.
Vice-Presidents :—

W. Birket (Bpmbay) A L Maginnis (Ljver 00|
Bol;lee g_ dp ) McArth eaéfﬁ

rock (Dumbar ﬂ? Mlolllson(Lé e ?
'ﬂ'nggiﬁg%'\ifr@a?mw) W\gC RQCbheaLrtim (E CI?London)
L @tEé.g {Eé% el | sh.iizeg

Steele Syouteﬁz)m ton)

oIBtLEZISIIele Bﬂwiﬁ London Jéas_lgaytlegNrar NEdean-‘
3 ockie blau é{out pton
e|r

aLc?j‘gr?algdea {P]/é e) |I li |am s (Bristol
% Mackmtosg (aC Icutta). Winterburn (Vancouver
ea Service : .).

Maclean






OBITUARY.
The sad tidings, of the death, Ut Sixty-six
ars 0@ eémmfr %thﬂ‘ Aiie wg’ch took Fac at |n<$f;e%0 r{

8 has re\hve m? orles jw% Hesé
occurt e na W om Jn_January,
897, e succee ed mth OrfICe 0 ero nees
é ra e and serv this ca acﬁ'nv al eelt

M g) Ié rwgnatlon an dedﬁ lapqggstm BLSUC 6 Sé%{gmh
e was a solrce oé%eat éegrett those YVm ere ﬁgg t Int8

(0] RICOUTSE W1 nIn Cornwal
WPMWMMWWWWmmmeﬁ
oval N serve urteen e 1s. In 1876 |nt
0ard 0 ée ur\f_ea/or an was located on the norheas

is remova to t n r

don district In 1889, Where we were oug

John A. Rowe.

nal cantact WI(Sh and Ieamed to esteem him for the ex eI{ nce
1 ? cour esy with con3|ste

CP%% n°”m8£‘s of
HWN&%%M b

?% 0I’8 8 % 1891 Iana % Ig
e G he% ?7(’” o Was read In the
gsn%eeﬁ uen?gdelscrusssldpe whlcéjto pace In he\xi ﬂXWm”th

fth e aq[\]/gevd?ﬁlgme:for th'\(z,R ast farfaeréersgra t%ae m?er gﬂtrse fmmoesr{
o??n o{nﬁlen aan assomH WW emerRAorle reca nfyrﬁ?easant
%ssouatlons and We respec % %H 5. Rowe and family our
eep sympathy and regrets for tne ey have sustained.

*Reprinted from The Marine Engmeer and Naval Architect, Oct. i, 1908.



