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INSTITUTE OF MARINE ENGINEERS

INCORPORATED

SESSION

PreSident: James Denny, Esqg.

Lecture on the Treatment of Copper for
Steam  Pipes.

By Mr. J. T. MILTON (Member of Council).
Delivered at the London Institution

on Monday, February 3, 1908.
Chairman: Mr. ALEXANDER BOYLE (Vice-President).

Chairman . We are ver}/ fortunate to- nroht in havrn
Pa per to be read“1y Mr. Milton on a very interesting sy zect
0 all engineers, “ The Treatment of Copper for Stea
| am sure no wor?s of mine are needed to mtroduce Mr |Iton
to a gathering of marine engineers, nejther is It necessary to
sa a word t0. ask your attention to the paper he will read,
H%an ything which Mr. Milton takes in"hand, any paper
e prop oses to read, is sure to be worthy of the most
careful consrderatron of engineers.

Mr. M ilton : After these words from Mr. Boyle the first
thing | shall have to do |s to apo 0gize and to say that | haye
not a paper to read an not avrn% prepared ‘a paper, the
subjlect has not had that great amountof preparation thathe
implies. As a matter of fact what | propose 0 give has been
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expressly described on the syllabus as a lecture. To prepare
a paper”means a very great deal of timetaken out of abusy
man’s leisure, whereas, to give a lecture, contammg as. much,
It not _more, information, ‘oes not mvo Ve S0 much labour,
and 15 in many respects a better way of |mPartmg In ormatron
than a paper; To- nlﬁh hope to find that some of those
Eresent will discover that | do not know so much as | ought to
now about copper pipes, and they will be able to supplément
what I have to say. After all, we ought to learn as much_as
we can with regard to coPper and copPer |pe?] Marine
engineers are, necessarily, not always conversant with branches
of ‘work not d|rectIy connected with their machinery details.
The% must necessarlﬁ/ hrought up in marine engmeermg
workshops, and in the majorrty of those shops the copper
pipes are not made, but are rouﬁ ht in read made and |
should like to sug plement, to-night, the genéral knowledge
that marine enginéers have of how to fit up a copper pipe, by
dealing with the subject of coner not only for steam pr pes, but
for all"other pipes. ° I shall begin ¥sa m% somethin about
copper, how it Is obtained, some of its qualities, how If should
be treated, how pipes are made and how they ourqht to he used.
Copper is used by marine engingers for Ipes only. It is used,
of course, as a constituent of alloy for many other purposes—
brass, bronze whltemetal etc.—hut cop Perb y itself |sonl%used
for pipes. During our lecture we shall have to deal with one
alloy—that 1s, the brazing solder or spelter—but chiefly w
will confine our attention to copper. CopPer is a metal WhICh
IS very expensive. It is produced from' the] copper ores by
smelting. ~There are a few pIaces in the warld where native
co rfer Is found, but nearly a the cop ger used is made b
elting. 1t is a very drffrcut process to separate th ecopper
from the ore bY the ‘smeltin rocess and unfortunatel
perhaps fortunately, while re ucmg the copRer other ele ents
nresent in the ore are also reduced, and so the, cop erthuso
duced near n)1/ always contains a Jarge proportion of impurities,
and thhose | pur{tres eacht and all have t[herr effect in {nfluenc
roperties of the co uring recent years
ho ever gropress In eIectrrca? gh)d chemrcar]gscrence th en-
a le rrJ er-makers to obtain copper from ores w ich our
ore athers could not_use, as there as not enough copger In
them to make it profitable; also from the slag and dross then
thrown away, which are acted upon by chemlcal means and the
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copper deposited by electricity, giving us eIectroI tic copper,
anpgxceed?n?y ur% metal, lth excgeedrn? ryeco %Fr is
not so good for many purposes as the shghtyrmpure but It s
very much better for some other purposes; for electrical
constructrons for mstance the purer the metaI the better.
8rmer a¥s the ver¥ st co er made had a certain
con uctivity oreectrrcry and that was taken as the standard
of perfection, the standard being reckoned as 100. Nowa-
days, the very pure copoer made by the electrolytic methods
has enabled us to %et still better results, and It 1s not uncommon
{0 ?et as high as 102 per cent, of conductivity. Any impurity
in the copper has the effect of decreasing the conductivity to
an extentgreater in proportion than the anmiount of the impurity.
For mstance In a very useful paper given before the Institu-
tron of Mechanical Engineers a numbér of years ago on the
5<NResearch Committee’s Report, statements were made by

m, Dean of the conductivity of certain copr?ers and
takrn 100 as the standard, in some coppers the conductivity
felltﬁs Iﬂwas 22; thatrgltﬁ snagknearyfrve trmes s much co er

WO ave to be use a’wire as In the pure co er
togrv?t esameamountofconductrvrt Now th a copper had
a tota Purrtyof 98-9 ercent jUSJ verlpercent of I urrt

the conduct vity dro rom 100 to 22, There are

other co[pPers mentioned_ in t e aper which are not %urte 50
here is one, wjth a to aI purity of 99-828 per cent,

where the conductrvrt IS onI It will therefore be seen
that Ipure COP per s ¢ F ed maw useful for eectrrcrans but
Impure copper 1s hetter for ordirary work. - When Isay * im-
pure,” | do not mean containing an% |mpur|t|es each of the
|mpur|t|es arsenic, antrmon brsmut erver and other
elements, has Its own effec rﬁ n th hC(ﬁ) Of these the
most useful 1s arsenic, and so of the best copper used for
locomotive fireboxes and other purposes have contarned at
|east as mych as J per cent, of arsenic.  Mr. Dean the locomo-
tive superrntendent of the Great Western Rail wax gives In
the gaﬁ | alluded to, remarkable results of tests s owrng the
bility of the copper in erghteen cases that he mvestrct; ted,

and he found that the ordinary copper was always best, In
ever oneof the ocomotrveéwherethe coglperfr he fireboxes
stood well, 1t was not classed as pure copp the conclusion
to be derived from this Is that the presence of arsenic, at any
rate, is not a disadvantage. Arsenic 1s a great disadvantage



6 THE TREATMENT OF COPPER FOR STEAM PIPES

for some other purposes, which we shall see presently, Bis-
muth, however, aIthough chemically somewnhat srmrlar to
arsenic, 1 exceedlngly eleterious in copper. It there is 1
part of bismuth 11~ 1,000, the copper I rendered ahso-
utely useless for mechanical work. ~Although “the total
strength mrdht not be much redyced when cold, when at
the témperature of boiling water 1t 15 enormously reduced,
while with high pressure stéam it has not one-tenth of jts value,
and not only’is the strength gone but It Is exceedingly brittle.
The reason why bismuth makes it so briftle was for some time
a mysterP/ Professor Roberts-Austen thought he had solved
the problem by some experiments he made on the coohn? of
copper containing bismuth, bug he did not thoroughly explain
as much, as was afterwards discovered wjth the. mjcroscope
by, | think, Professor Arnold. Bismuth has a similar effect
on copper to that on silver, and ong of the marvellous things
about he actron of bismuth sthat if a piece of silver 15 meltéd
up with b |smut in the[proportrons of 1 part of the latter to
1,000 of silver, the resu hat the silver hecomes extremelp
brittle and |f|t is tapped with a hammer it will break into small
crystals. - Each of these crystals, however IS veryrductreand
can be drawn oyt into a long, very |ne wire |smut
has a similar effect upon cop The coprper when |qU|
dissolves up the bismuth as sa |s ‘djssolved In water. Aste
Copper oo gart of It solidifies or freezes. YOU take sat
ang water an bepln to freeze out the resuItlnd ce, although
It Is.not absolute?q pure, IS much purer than the water was
orrgrnally and as the freezing contlnues there is more and morg
left“in the water not yet frozen. = This takes Elace until
the little water left comes to a certain degree of saturation.
The same thrng happens with. bismuth. The copper, while
fluid, contains Bismuth i solution, but whep solid it will not
contain bismuth in solution, and o when the melted copper
solidities, the little parts first frozen out_ are Eure copprer
Ieavrnp the remaining molten copper richer in- bismuth
thus crystaIIrzes out piece by piece, until at Jast_the
tas egrn fo touch one nother and In the end the little
|eft Detween the various, crsy tals 15 pure or nearl ){(pure
b muth and whenthe copper s truckthebrsmuth cracks
and the ‘copper separates out into the crystals. Many of the
other impurities in colpper are not so de et%rlous as bismuth.
The old Cornish copper, from the nature of the ores from which
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it was made, contained arsenic, and it was long an article of faith
among_coppersmiths that the old copper was good and the new
bad. “The fact is that the old copp er Wwas |mfoure but it con
tained impurities which had a good effect; t ere is no doubt
that the new IS purer than the old. For rass making it Is
very desirable to have pure cgj er and glectrolytic copper Is
useful for thrs purpose. Copp contarnrn% arsénic does not
make good brass; | am unable to say why. Brass-makers,
makers of alloys, have a very good workshop test for_copper,
and can tell by this means if there is the slightest trace of arsenic
or antimony “in it.. The method adoptéd Is; to take o the
[o per that they wish to test 60 parts by wer ht an of ure
Inc 40 parts y weight, - These are melted Togeth er a a
Muntzmeta formed—' 60, 40 " is the term used This Muntz
metal is cast into a cake about 1|nch thrck in a cast- |ron Ingot
mould, and cooled, the usual srze erngba out4|nc es square.
When ‘cold it Is taken out, nic ed and’broken with a hammer
when an examination of the frac ure teIIs at once whether it
contarns arsenic or antrmong IT it 15 good it has avery even
y fracture, while in the bad me al the fracture IS of a ve
|f rent cr staIrne c aracter e curious th mg a out
cft at wh e they are both pocf Bp one couId ot tell the
|fference etween the good and the pad from th eapgearance
of the metal.  The metal used to make aIons Is tested in that
way, and Is called * best selected cogg But Dest selected
copper In Ingots 1s not necessarrlsy st for %ood sheets, and
colpper good” for ‘sheet copper 1§ not necessarily good for
alloys

The next”pornt In connexion with the manufacture of copg
IS a very | terestrng one. It is a chemical process, b
not g enerary known because as | have aIready said, enrg[;]rneers
erther et t e shegts and tu es finished by the copper-makers
or ese uy the ﬁ]rpes from the copbersmrth ready made, and
the methods of anufacture do not appeal to them. In the
manufacture of the coPper there is a very important process
called ?olrn and that rocess is one’ Want t% re(er to
S ecrfrcal because the rrncrpe Involved ou? ht to be nown
neral T e c[;%per when smelted Ties in a_molten
con |t|on |n ‘bath at the bottom of the f urnace The ar
gorng over the furnace contains an excesso 0XY Copper
t a high temperature has an excee |n%I|y rea affrnr(t]y for
oxygen ‘and the top of the molten copper becomes oxidized.
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There are two coEper oxides, the cuprous and the c Iprrc but
this we are speaking of Is cuprous oxide, which forms ver
raprd but as soon as it forms it i drssolved Into the copn
Moten copper dissolves copger oxide Just as water dissolves
salt. Ime the cop Rer becomes saturated with the OXIide,
and when It reaches the saturation ornt it can |ssoIve no
more.  Well, if you had the most excellent copPert at could
be made in a moIten condition saturated with the oxide dis-
so |ved ulp n it, an then cast it, i1t would be a very brittle pro-
duct. The oxide of copper, therefore, when in excess takes
away the ductility of the copper. ItrsPotoutb the method
of pushing into the molten copper a pole of wood—I am told
by some that any kind of wood erI do, but copper-makers
?refer a hirch or eechﬁ) When this pole is pushed into
he molten copper the heat of the copper causes the pole to
drstrl off gases and steam, which bubble u? through the copper.
The red-Hot charcoal of the pole has a greater affinity for oxygen
than_the copper has, and the hot ases also have a grédter
affrnrtly for It, so between the two t eg/ speedly reduce the
coppe oxr e and In this way the whole of teoxrde may be
gotouto the copper.  But |t appears that, although the copper
OXide In excess IS a very obaectronable constituent of copper,
when it Is present in a sli ght egreg It is very beneficial. ~Every
different |mpur|ty has Its own effect on ¢op Rer Some have
the effect of makln the CO(P er Iess ductile than it should be,
but the more Impu et e copper the more oxr is required to
correctthewant ofductrht?/ caused b t e impurities, and thus
the copper hasto h ave a little oxide Teft in it to make up the
maxjmum ductility.  If the cop(i)er IS absolutely pure, no oxIde
at all is requrred as it is ver¥ uctre and co(o er oxi ewoud
take away this ductil |ty, bug for ord mary c er some oXide
has to pe'lett in.  Wheén it is sufficiently " the work
men fake ut a smal ﬁadle -full an cast af nloortron of It,
nick It and_break [t off, and ar ﬁo tell fro the fracture
whether it is ductile or not, an to tell what d e(Irree foxrdﬁ-
tion Is requrred Thrs is the case where the skilf of the work-
man i of more v? ye than the skil| of the chemist, If jt is
not suffrcren dyﬁ ed the po Te IS pushed in again, If It has been
overpo led and"there Is not'sy fror nt %xr e the rProce}ss Is delayed
unttr athtte more oXxygen |ts ah sor e : the copp ert IS
cast into ingots, in what IS term ough pitch ” copper, the
top of t erﬁgot is left smooth it 1t is gveppoled J)rpunder
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poled the surface is no longer smooth. The workman can
always tell at sight from the surface whether it is “ tough
pitch ™ or “overpoled ™ or “underpoled.” * Tough pitch’
copper for pipes and sheets used by engineers is made in this
way and may contain arsenic and other impurities. In the paper
Mr. Dean, he gives the amount of oxygen recorded in the
different kinds of copper used in the locomotive fireboxes. In
some there 15'076 percent., and in one Instance it is actually
up to -248 per cent. . One sees, therefore, that the amount of
oxygen Is very varied—It varies with the mgredlents In the
copper—hut only the practical man can tell what'this proportion
should be. | Want\zoﬁ to thoroughly understand the polm%
of copper because | wish to refer to'1t"in my next lecture, a
the eftect of oxygen and of reducing flames upon copper is not
so generally known as it should be” In making sheet copper,
the” copper”is first cast into slabs and then rolled out while
hot, in a similar manner to that in which boiler plates are
rolled, to a certain thickness, but all subsequent reductions
In thickness are made by cold rolling. When this is dope a
?reat deal of work Is put uPon the material, and I do nof think
need say that the amount of rolllnﬁ which a metal undergoes
has a %reat effect upon Its strengt and proq_ertles. In"the
uestion of determining tests for Qifferent qualities of copper,
there 1s ope_point nearly always forﬁotten, which | think an
exceedmg,lxlm ortant gne,  One of the u%stlons which should
be asked'In every case |fs how much work has been put on the
cogﬁ)er? In the case of the locomotive fireboxes which I have
mentioned this question was never asked, and when we see that
In some cases the copper stood for some 500,000 miles and In
others it failed at less than one-tenth of that. distance, it Is
very evident that there must be something f triously wrang in
the quallt%/ of the copper, and 1t is quite possible that It is not
so much the difference in the composition of the metal _a? some
other cause that would account tor such an immense ditference
In the running. I think 1t is very likely that some of the copper
Was b%tter worked whilst belnﬂ mage mtoPIates than some of
the other plates. . Of course there Is also the question of the
flanﬁm% and the other work n the hoilershop and the defect
m|P t have happened in the smithing.
t may be interesting to know how pipes are made. Nearly
?II the pipes of small diameter used by engineers are the ** seam-
ess " or “solid drawn” kind, as it’is called; *seamless” Is
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the proper term. Seamless pipes are made in two or three
di feren ways, but | will first mention the way | have seen them
made in a viorks which, if they are not the best works in the
country, are certajnly in the first rank. The copper s meIted
In a furnace, and in melting it prcks up the, copper oxide,
has to be “poled ™ over again, and when it IS exactly rrght
It 15 cast in a suitable mould, the molten copper IS subj ecte
fluld compression and afterwards hydraulicall % forged from a
solid to a hollow shell. The hollow shell thus produced is
machined and then subjected to a series of cold drawrng
operations. The shells “are then put on a mandrel an
drawn through a hole smaller than their outside diameter
to give them a good squeeze. This thins them down
and makes them Ion er but |t has also made the copper
harder. The tube |s (pu led off the mandre ut mto a
furnace and re-heated to redness, again cooled and a aind rawn
to a smaller size.  This rocess IS repeated severa times and
Its sectional area is reduce ver manytlmes yrepeated draw-
Ings before the pipe is finished. | impress this ypon you be-
cause I think work Is a very important matter In the tréatment
of copper, and has the effect of reducing the size of the crystal-
line structure very much. ~ Pipes are sometimes made.in avery
different way.. One method Is by first casting the nprp
cast pipe, | believe, is bored and turned aIthoug Ia ot u|te
sure. It is then made hot and_put on.a mandrel and passed
several times between rollers with various-sized tT]rooves cut
In them.  After it has been rolled down hot to certain sizes it
gr%es through the same C?|d drawing process as in the other case

ere IS a Very great dif erencernt eway cop er |s anneae at
differentworks.” Itis asingular thing that althq H per has
been used from t|me|mmemor|al |t was one of the first metals
use Iyet at the present d % e do not find unanimity af
to the %ht temperature to which to raise It in order to annea

ne works Jt is rarsed {0 . a very high temperature,

at anoth ritis made onl %ust vISiD

Braze coppertu es aré made |n a rather drfferent wayrto
the seamless tubes ; they are made from copper sheets
sheets are rolled into Ion% narrow strips, the dges are thinned
by machine and_the sheets are then bent up and folded into
tubular form. They are then loaded with brazing soIder and
borax all along the seam. Each tube is then passed th rou%
a furnace, the speed of passing It through and the heat of the
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furnace being regulated so that the brazing solder just melts
and forms the joint.  After this the tube Is generally given one
draw on the draw bench. Very goodtubeS are made in this
way and a brazed tube very often stands as nhigh a test asa
seamless one, but there is just the possibility of the brazmg not
being good in some places, and it |s for want'of reliability rather
than’ for wapt of strength that brazed tubes are not o much
used. For large pipes brazed tubes seem to be preferred. to
seamless, becalse in seamless tubes there is_not, necessarily,
the same amount of work put on the metal of large pipes as s
the case with smallones but artrcuIarIK from thé fac that in
the large pIPeS made from large ingots, there |s more possibility
of having blow-holes in the ingots, which in the drawing process
are_drawn out Iengthwa s Into longitudinal defects.
One other way 0f making pipes, used in da¥s gone by and
afterwards_discarded, but which has come into Vogue ‘again
and probably will be discarded again, is the electrically” de-
posited pipe made by the Elmore Company. A few years afg]o
|t Was ver%/ much used ecaus? it was as easy to make t
gest possible pipe as the small pipes, perhaps even cheaper
when it was |mﬁossrble to obtam Iarge seamless pipes b
an other process, the Elmore Company did It and at a ver
redsonable price. The were used to large extent in the
North f England, unfortunate %){ d|d nqt seem to
Iastver ong. The qave very much trou e when in use, and
5 last two |mﬁor %nt |rms that had used them took out everé
Elmore pipe the % , or at least as man as th eg coul
get out, and re aced them_with ordmar Ipes rathér than
run the risk of a disaster. Recentl somel rovements have
been made In the manufacture of th prpes and it 1S clarmed for
them Fhat these pipes are now satrs actor }u | will mentron
now they are made. The copper from which the¥ are made
IS cast into Ion%strl s, and three r four or. more of the s%rrﬁ
are placed in the bottom of a bath, which_is the length of t
plpe required to be made, The bath I filledJwith a solutlon
of sulphate of copper, The copper strips are connected to one
pole of a dynamo and the other oIe |s connected to a mandreI
Immersed in the bath. The man rel | aéfeo metal coy re
over with a surface polishing of bIac olished wit
great degree 0 Skl and Perfectlon S0 as no to show the Ieast
cratch acklead is a conductor of electricity.
The mandrel IS made to revolve, the electric current is turnéd



12 THE TREATMENT OF COPPER FOR STEAM PIPES

on and electrolytic action be&rns the copper from the sulphate
nposrted all over the bIac lead, an equal quantity of copper
ta | |tsoace from the bars put in the bath so that the sul-
phate solution remains of the same strenqth Along the man-
drel, while it is rotatrnﬁ a burmsher slowy traverses from end
to end, backwards and forwards,_so that every particle of
deposited copper is burnjshed. The little crystals become
flattened out of shape, others are flattened on top of them,
and after many hours, in some cases hundreds of hours, a tupe
of copper 1s obtained of the desired thickness, of a beautrful
colouf, beautiful surface and very smooth—It does not feel a
bit like the ordinary cogger to the touch—and that copper will
stand any mechanical test to which, it may be subjected ; it will
stand a good hydraulic pressure, it stands good tension angd
extension tests, It can be doupled up closelike soft lead, it
can be doubled three or four times over, but when made_|nto
steam pipes It does not appear to have the necessary ductility.
T e COP er orrgrna ly used is not Rure but the Impurities are
eft at bottOm of the bath, T %ly et the pure coploer out
and leave the |mpur|t|es |n the sIu ¢ which accumulates, in
the bottom of the bath. Th ey (Ere er to use.copper containin
small quantyties of silver and gold as impurities which are le
behind" in the form of sludge. A great deal of commercial
copper contains gold and erver insmall quantities. The
Improvement they have made Is that they put some work
upon the pipes, and instead of using the eIectroI tic pipes
as they are made they are frnrshe(d h}/ berng rawn own U on
a mandrel,  The amount of work put them in this
however IS not anythrng like the quan Ity when made In t :
ord marg ag/ and’ the pipes made by. the improved process
are not altogéther satrsfactory—rn act, in some cases they are
the reverse of satisfactory—and the peo Iemostconcerne are
eginning to realize that ‘purity of cop r| not a good thing
stea g Hpe however useful it ma or othe puwoses
mentr ed that copper has to be annealeq.
be annealed after an consrderable amount of work has beep
Put upon It. . The mechanical progertres of cop er are such
hat when It |s annealed |t IS an xceedmlgg oft meta but
when 1t 1s worked in_an ¥]|t ecomes hardér and Joses some
of its ductility, but still | ou? t to retain a good deaI of ductility,
even after considerable work has been pt upon it. But the
chief thing engineers want in copper pipes is that they shall
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be able to withstand a considerable number of repetitions of
small changes of form. 1f one wishes to break a piece of wire
one cannot pul| it apart, but it can be broken by successively
bending it backwards and forwards many times. This holds
good with most metals, but with copper e want a metal that
will stand a number of these wrrgglrngs without, grvrng way,
Another reason why 1t is used for steam wes IS’ bec use It
does not rustwrth the actron of the water. 'When | say It does
not rust, | mean genera yspeakrng sometimes it does waste
rapidly, but we shall treat of that in our next lecture.  With
regard to mechanical tests, | may say that the Admiralty,
durrng the Iastfrfteen to twenty years hdve been gorn% thrngh
a series of changes In their ideas on copper. At one time they
were Very much aIarmed at the frequenc with which failures
of copperprlpes occurred, and as away outof the difficulty they
sp ecrfred st %ent tests in order to g nPure copper. Bt this
was found to De quite as bad as ther ure, and now in the
specrfrcatrons they allow a certain amount for impurities, not
very much, they ask for 99-3 per cent, of Bure coP er, allowing
o Eercent forr nPurrtres that 1s, they allow this r|m urities,
the' copper-maker may put in Pure copper if he likes.
h mechanical test |s a tensile test o 13 tons per Stauare inch,
wrt an ?xtensron of 3? per cgnt In a eng 2 Inches.
g co er will stan over 14 tons and 45 per cent,
tensron 50 th ere IS no doubt a 1qoo copPer will ‘have no
fficulty in standin these tests he hend g test they ask
or and this 1s a t |n th ey S ouId not ask for, 1s that the
unannealed copper sh ou % bending unti| the sgace
tween the two arms of the N twrce the thickness of the
copper, without the sign of a crack on the outer edge. | say

Fig. 1
BEND TEST OF UNANNEALED COPPER.

a test of that kind should not be asked for as there IS no definite
standard of unannealed copper; it may) be much wor ked or It
may be only_a little worked so as to e |n a nearly annealed
?ndrtron The annealed copg ?] be bent “apsolutely
close without the sign of a crack on the edge, then afterwards
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Fio. 2.
BEND TEST OF ANNEALED COPPER.

it has to be hammered down_to a feather edge at the bend
without sign of a fracture. That is the Admiralty test, and

Fig. 3.

BEND TEST OP ANNEALED COPPER, ONE EDGE AFTERWARDS HAMMERED
COLD TO FEATHER EDGE.

It is a test for copper that should be used in every workshop.
With_annealed chper,_ when a stress is put upon I, it is found
that it has very little, If any, elastic limit, if a little more stress
IS g,ut upon It it stretches ‘more, and so on. Ifﬁ/ou take an
ordinary stress dlagram of copper, startmg with a piece of
annealed copper and stressing it'In the ordinary way, you will
find it will come out something like this —

Fig. 4.

Now if that were a Rlece of steel or iron you would find the
curve representlng_t e extension proportionate to, the stress
put on up to what'is called the elastic Timit, which is generally
more than half of the ultimate stress, but this curves away
almost immediately from the beginning, so that in copper a
permanent set Is got almost immediately. Go on stretching
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it up to sa%/ 4 tons per square inch, and after having put this
stress on let the strain off and you will find thatyou have
produced a permanent elongation., After it has once been
stretched by a particular load you can put a strain on it u
to that amount without giving it any more permanent se
What you have been dorng IS that you have been hardening It,
When it is aﬁarn annealed you take away that hardness and
the stress and strain diagram comes back to the ori |naI
When a bell-hanger uses Copper wire he wants it to
|nvar|abIe length ; he obtarnsannealed wrre fastens one end of
the wire up andPu s at theotherwrt all |sm|gf t, stretching
it.a very erceor le amount, and after that he Tinds that the
wire 1s perfectly elastic up to the stress he had put upon it.
The same thing happens with copper generally,  When deal-
ing with copper the only way to_get afixed definite degree of
hardness or softness Is to get it annealed Any test to be
anything of a standard, should he % annealed cog With
redard to steam pipes, these should e Tlexible and't ecoRper
should be annealed when delivered. ~ You do not want a hard
Rrpe Years a]got ecoppersmrthsused to make all pipes quite
ard a great pride In th eap arance of their work
and use to pIanrsh the pipes all ovr panrshed |pe
aIthougﬂh it may be good foran exhau t IS not go%
a stea prpe e next question whi curs IS, “what |s
annearn éas | said, in the manufacture of cop
tubes we do not frn even among coﬁﬁer makers unanimi
to the r| ht and Oé)er wa ealin co per. At one
works th ey are exceedingly are u to raise it {0 a ver |g[
temperature, at another works] they do not] rarset em ite
Tshr h, at another they are r '?fd to_ only rjy
If copper Is raised to a very dull red it Is so tene but |s not

gurte 50 soft as It shoul be. A brroht red heat |5 probaply
est. The brazing on t ef an%e(f % a copper prge requIres
to be heated to a bright red t e temB rature necessary

for hrazing Is, at an rate not t0o w for cop er when it
requires 10’ be annealed. Another poirit that might be men-
tioned with regard to annealin %coo er and most other metals

1S that It titoes not matter wh ete hg y are uenc hed out from
t e annealing temperature or al owe to coo down gradually.
Steel and uon are exceptrons to thjs rule, but with _copper the
same annealing effect s produced either way.. From some
experiments that a friend of mine has been making, it appears
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that the results are somewhat in favour of quenching, but |
should not like to say that that is always the case without
having mare proof than | have now..

Jpto thegprese_nt | have said nothing whatever about the
design of steam Plpes. | propose to keep that for my next
lecture.  We shall then go Into the making of pipes as.we use
them, and | shall refer to"one or two things which it is import-
ant to know. I shall also show agevv samples of some curious

g
I

0

b

experiences with copper. To-night | have dealt with copper
as copper only, but 1 shall be glad it anyone will ask any
questions they may wish to put rtieII us something about the

subject whichi they think would be interesting.

_ Chairman : |t appears that | used the word “paper ”
instead of the more accurate word “lecture ” In referr_mﬁ
to what Mr. Milton was going to give us '[_O-ﬂl?h'[, but | thin
ou will all agree with me" aftér listening To Mr. Milton’s
ost Interesting and valuable remarks on the subject” which
he has spoken about, that it does not matter to us as engineers
whether we call it a paper or a lecture. The lecture has been
so full of information that | do not think there are man
%entlemen In this room, even If they are experts in copper,
ut will carry away something that they did not know quite
so well when' they ‘came in. Many points that were familiar
Eo us in a perh?g,s somgwha,t hazy wa%/ have been made cIe,?rer
y the very plain and definite manfer in which Mr. Milton
has explained them. | am sure there are Ig};entlemen present
who would like to say something In refererice to the subject
before us, and as Mr. Milton has invited questions, | think
the remainder of our time this, evening could not be better
spent than in having the opinions of ‘others who can ?lve
us their experiences, and perhaps throw some more Iight
uh{?n ong or two of those Bvomté on which oglnlons ax
Pheegl" CPer_Q%ps Mr. Brown Wwould say a few words to ope
Iscussion.

Mr. Aitken Brown (Com anlon)[: | am not p_rePared to
speak ,?n the subject to-night, put | must cerﬁaln thank
Mr. Milton for what he has put before us, | ong 'fh that
It had been a pa&aer printed beforehand Instead of g lecture,
so that we could have prepared oursg,lves for a discussion
upon It. As you know, it is rather difficult to take notes
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and listen to_the lecture at the same time. Several thln?s
Mr. Milton said have been very mterestmg to me, and | should
have liked to hear a good deal more upon them than he has
mentioned. As far as deposited copper Is concerned, | was
not aware until to-m_?ht that they Intended contmu_mg with
that process. Deposited copper néver stood the test it Should
have ‘stood, and the very impurities left in the bath, referred
to by Mr. Milton, were the 'very elements required to make
ood” copper pipes. We all know that pure copper is not
ood for copper pipes; in fact, I think it would De better to
ave a higher percentage of impurities than the -7 per cent,
which Mr.”Milton spoke” of, and it we put it at 1 per cent, or
a frifle more, the copper would stand a good deal better.
With re%ard to the test of bendmg the copper and ha_mmerln%
It out af the bend to a feather edge, no doubt that Is a goo

Blan but could one he certain that there was no dirt in the
bend 2 It IS not quite a fair test, as the least dirt getting
Into the copper might do a lot of mrlury. With referénce t0
the different processes of making so '9 drawn tubﬁs, there is
no doubt the works referred to IS one of the hest inthe country
but there |5 very little difference all over in the process of
making solid drawn copper tubes. The important point IS
In havm% the djes tr_Fe In"the first place. . We that use copPer
pipes continually will very often see a ridge rignt down the
pipe, and when"it is annealed or bent, it sometimes splits or
cracks across.

Mr. Mitton @ | trust you will excuse me for interrUﬁting,
but when you say it “cracks across,” do you mean that it
cracks down the pipe or across the pipe ?

Mr. Brown : We have seen them crack both ways, but
?ener_allx It cracks across. We have seen them cracked down
{0 2 inches where there was g reed in the pipe due to a fault
In_the die. As to the annealing, | am not prepared to agree
with Mr. Milton about the heat to, which the ‘copper should
be subiected._ It 15 very well for him to say that when braz-
Ing a f_an(l;e It undergoes a certain amount of heat, and if th?
flange In the copper will stand that heat, the pipe, itselt wil
stand it,_but there are different processes of razm% coEper
pipes. The process used at one time we would not think' of
using to-day. We do a good deal of our brazing to-day not
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only with the ordinary fire, but with oxal en gas. We put
the” flange over the fife, get 1t to a good heat”and put the
oxygen gas on the top of the flange so. that there isno chance
of "burning either the flange or the pipe. | think 1t would
be better it more of that kind of brazm? were done.  Of course
It is more exPenswe, but It Is more effective and makes a far
better job. 1 am sorry | have not more to say : had | acopK
of the ‘lecture beforehand | should have beeri able to spea
more fully, but | must again say that we are all very much
Indebted to Mr. Milton for the Very valuable lecture’he has
given us to-night.

Mr. D. Hulme (Member of Council) : | came here this
evening with a thirst for knowledge, and, as Mr. Brown has
stated,” not expecting to make any comment at all, so that
| will reserve any rémarks or quéstions until | have heard
the further part of the lecture.

Chairman : | am sure that Mr, Milton has travelled over
so much ground that without anticipating what he may say
at the second part of the lecture there 15 ample material for
remarks to be made by any of the gentlemen present.

Mr. Geo. Adams (Member of Council) : | must add m
quota of thanks to l\(/lr. MIT’[OH for the gdmlrable Iecture h)é
has given us, but | would prefer to hear more remarks from
the [ecturer before entering into_the discussion. Mr. Milton has
described ina most compréhensive manner the manufacture and
qualities of copper itself, and the three ways in which copper
ipes are made - the seamless, the brazed, and the electrically de-
osited processes. Reference has been made to coppersnith’s
work dagneh by hand. Recenélg/ | had éh? Prlvne%e of sTelng
some Of the ‘copperwork madé by hand for one of the arﬁ
Cunarders, and it was quite g pleasure to %tan,d by and see the
coRpersmlth at work,” moul mg and sha mg, the gracefy|
bends. and curves, particularly for the expanSion bengs, all
of which exceed in'dimension anything of ordinary pragtice; so
large, in fact, that they had to_ be made by hand for that
reason. In reference to copPerplpes_, from what | have been
able to %ather from Mr. Milton to-night, I think he and most
of the gentlemen who have to deal wi hc,opB_er_ steam pipes.in
steam-Ships will agree with me in the advisanility and necessity
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of periodically fannealmtIr all steam [prﬁes in steamers, as well as
the” necessity of testing them from fime to time; that is to sy,
of course, atest beyond their ordinary Worklng pressure as
a dislocation of the molecules of copper must take place in t|me
due to strain and stresses caused by the vrbratlon constantl h
gom on in steamers. With regdrd to the way in whic
eamless |Res are made, | had the pleasure once of visit-
Ing one of the bronze works, and | saw there that the man-
ganese bronze tubes for ordnance purposes, were made In
a similar manner, by first casting_the ingot, then casting the
tube which was afterwards hored’inside and turned externally
to get the perfect regularrty of section, and also to dis-
covér any flaws that “might” be present before rolling out.
As to the urrty of copper shee itself s somewhat
of a com question. do not now woether there
Is mych | the suggestion, but erhaps_the money market
may have something to do with the quality of copper pipes.
Now and again | Have seen copper pipes which, when sub-
Jected to anaIgsrs were reported upon as good commercial
copper. There was a ve stron action of pitting. or
COrrosion going on mternw and when _they were exammed
Inside 1t was ound that t swgs formmg smal urps aped
de ressrons or honeycombs In the materidl. That result we

ag/ twent }/ears ago, so that one is Inclined
to thm that thé quality o theco%per then used was better
than it is now.

Chairman : Were those salt-water pipes ?

Mr. Adams : Salt water only, these were np ?]team i es
Mr. Milton’s lecture has kept our attention a through,

| think we would rather hear lecture number two before
asking questions. | should hke to thank Mr. Milton very

much:

Mr.D. McNaught (Visitor) : | have listened with very great
interest to Mr. Miltoh’s lecture. ~ At one part he me tioned
about the electrg deposrted coRperpr es,and | think one of

rprevrousspeakers said that he didnot know they were ?trll

made. | might say that the El more nR/ IS stil
exrstence aIthought ey have not works |nt try. The
works are in Germany, and 1 do not know why there |snot a
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place here, as there are some cases where the deposited copper
is better than the solid drawn or brazed. ~For instance, In the
Place where | am engaged we have a hydraulic press. At
irst we had a brazed Copper liner which gave us a great deal
of trouble, and we had no means of covering the'ram with
QP In the present press the liner is of deposited copper,
we ave the ram also covered with copper deposited by the
Emore omgan y and these have not given any trouble, = We
aveaso had sgme trouble lately with”the ordinary ball float.
We fitted several of these, made irf halves and brazed together,
and found that three-quarters of them have failed ‘during
the last year through the brazing. We had to go to Elmore’s
—1I am sorry to say that we had to send the work out of this
country—and get & ball with degosrted CO&P” on the outsrde
These are mstances where we fin teEm e eposrte copper
reatﬂoractrca use. . Some friends of ming also use It for
the rolle s of calico-printing machines. In the old plant the
exPense of rovrdrng these rollers was enormous, the er
being 1 inch in thic ness but now therv use deposited COEE
to a thickness of J or - of an inch on oastrron rolfers,
and when It s remembered that in a fair-sized works there
ﬁre about twenty calico-printing. machines, it will be seen
reat an a ount of ‘money”is saved. T at IS anot er
use for deposited copper from a commercial stand Pornt
Mr. Milton and the last. sgeaker sRoke of the necessrv for
annealing copper steam prp S ave several copper Steam
| es and we always make a point of annealrng them every
vears ang test them also. * However, | do not know how
|t will lg)ea to the copﬂersmrths J)resent but wherever we
can poss ydo without them we do not use copper pipes, we
always use”steel ones.

Mr. W. McLaren QMemberg Mr. Milton has treated us
to a verv mterestrng ecture OB? to- nrg ut as
some of he others have said, most of US would |ike to reserve
Llr]r remarks until we hear the Tctdre on “Steam Pipes.”
There Is ong simple matter | would like to touch upon. As
marine engineers we rather pride ourselves on doing a litle
bit of tin work now and again, and | would like to ask if Mr.
Milton_could explain the reason of the trouble the éunror
ver%/ often experlences In using the ordinary coﬁ)per soldering
He makes 1t red hot and burns 1t, and has great diffi-
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cultx in gettmg the metal to hold. No doubt the filing away
the sdrface’to tin it has somethlng to do with it,"but he
can never get the tin to take after the bolt has been’ heated.

Mr. Milton : | am very much obliged for your kind words,
and | hoP e the next lecture will produce a longer discussion,
because it will deal with the questions of the désign of pipes,
which will appeal to some, the methods of making plpes
which will appeal to pthers, and the taklndcare of plpes
should appeal to all. Mr. Brown will Yind, | hope, ha
shall discuss the matter which he has referred to with respect
to brazing on flanges. | am very pleased, indeed, to know
that theré is an enterprising coppersmith who has ﬁOﬂe out
of the beaten track, and I think you will find that | shall com-
mend the way 1 which he says he puts on his flanges, and
perhaps in my lecture he might see a way to still” further
Improve his method and induce other people to look upon it
as the right way, so that it will become the common way.
Mr. Adams spoke, and very much to the oint, on the uestlon
of annealing steam rnl pes. ~ | have had the matter jn r¥m|n
very many years, and gree that Pﬁes ought to be a nea led
freduentl orp enodlcétlly and ave never recommended

|i be made 3 ruyle hat Pes should be annealed
mentlon the reason |n the n x ectd]re but 1 will

now that while agreeing that anneal |ng when done properl

IS right and proper. with careless workmen and improper

ﬁ ehance]s crooke i es ma be more damaged than by not

Ing the pipe annealed a all.  However, that is a point
ordlscussm and one of those points upon which practical
m n like Mr. Adams and others will be able to throw some
light.  To my mind t ere is not so much difficulty In anneal-
mg a straldht (P e]mde% stralcrt t pIPeS as a rule do not

nt annealncl; muc ent Re3| IS the crooked pipes
that require it most, and at present there is a great deal of
d|ff|culty owmg to the absence ofrProperaﬁPhances but we

will go into that question next Mo eve dams
was speaking about some of the won fr ful cogPerwor used
on the Cunarders, Well, I think you mil find that the majority
of main steam |pes on those vessels are of that metal WhICh
as Mr. McNaugh glested IS etter than copper for this
urtfose—name ste t}hou\d it ma be the rule for
steel steam pIpés to be used Wherever possible, coppersmiths
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need not_be in fear of going workless There are a Rreat many
copper pipes in a ship now" hesides steam pipes. Kinds of
pipes are now made of copper, so the co persmlths trade Is
not in danger of dying . out ven If steel stéam pipes come into
use. Mr. Adams, again, touched upon the point of copper
pipes corroding. | freely admit that I do not'know, and 1 do
not think any ane knows; the real reason for the corrosion, but
It 1S certain” that some copper pipes do corrode when sub-
mitted to water actlon an other PI pes again do not |
that trou e I deal with that also next time,
dealing with the uestron of the corrosion of copper |pes
| think the pipes whroh give most trouble are the condenser
tubes I have studied the subgect for many years and cannot
find out the reason.  Only latély | fts told by a superinten-
dent engineer that he was exceedm y artlcular in, %ettmg
condensér tubes of pyre metal, an O?e in the n t an
roPer manner, turned outside and bored inside befoe omo
on to the mandrel, ¥et one voyag Jarove 50 dlsastrous tha
th eK had to take out all the congenser tubes and replace them
with tubes from an old ship which were supposed to be worn
out, and these are still in" use, giving no trouble whatever.
Chemists.cannot tell the reason and it is not due to the electric
current in that particular sh |p at any rate Mr. Adams
q(ests that it is due to the high price o cVJoP I do not
think the rlce of copﬁer has an thm% to do Modern
pp?r IS ma e muc rourer than the old srmﬁ because
our forefathers could ot make pure copper and the new
method does make pure copper. But of course Impure
copper can he made | once |t IS reco nized that it Js the best
or the p urgose and If ana loy of copPer and arsemc Is better
than pure J)(Per for ordinary wor hose who now use pure
in ots can add to them th enecessar}/ o]unt of arsenic with-
II much extra cost, as a matter of fact t ez do that |n some
Paces Mr, McNau%tlsatogetherwron nd eta so uteI
|ght In saying that t eEmore |pes aren tma eink %
es are, ma e |n t |s country, o not caII t
ore | es. The place In Leeds her the EImore pIpes
Were ma |§ n the Leeds Copper Comganﬁ/ and th e}/] arg
making hundreds o tons of Ipes, but they Nave recognize
that the pure cop erw ich th ma els notatogethers Itable
for all purgoses They do ma ea I% o]f things which therr
process enables them to make and which could not be made
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by the ordinary processes—beautiful work. | saw some
exceedingly thin copper. tubes as thin as ordinary writing-
paper and-about f to | inch diameter. | should think there
would be miles and mrIes of them ; they were for some industrial
Purpose | think for radiators of motor -cars, but at any rate
h 5{ were exceeding %thrn and beautifully made ’&ges and
could not be made by the ordinary processes. As r ht
said It is g very usefu Process for calico-pripters’ rol ers I
wa once In a cogperworks where these rollers were made,
after these are turned, | was told, on_looking over them
wrth a lens, if there was a minute speck in them, not -fa of
an inch, 1t condemned them. The electrically’ deposited
copper Is fawless and slpotless and does not re urre S0 much
copper, .so for th at purpose again the electrically deposited
copper is a good thing. ~ For stch purposes as coverln rams
the dep osrted copper rs very good also, either [%/ more
Wstem or plain’ deposited “copper with out being burnished.
at I maintain Is that they ‘are not fit for steam Dipes nor
for ee rpes I know of ‘more than one sh IR where the
| es h 0 be taken out recent % they were
éoected of bern made by that process, and the anno ance
50 g{reat in one case thdt a marine engrneennlg firm rath er
tan e teprpes from outside makers have started %
sh og o their own so as to make sure.of the on%rn 0 e|r
s, Mr. McLaren has asked a questron which has nothrng
o do with steam pipes, about th e soldering fron. | havé
been using it off and' on. for a good many years—I am noé
exactl a tinker, but a tinker’s JOb never c mes amiss—an
ften burnt it, but have never had anx trouble In
ettm the tin on again.  There is one curious thing, however,
ab?ut the solderrng olt—we call it a solderrnq Ifon,’ prob
anly | because It | made of coner others call it a soldering
b|t —and that s if on the soIderrn? bolt a piece
“tin,”—which is not In but solder, an alfoy of tin° and
Iead and afterwards put the soldermg bolt in the fire the tin
drsa ears. It dissolves into t e cop mr and. forms a tin-

er alloy, an exceedr ard whrch will almost
take t(hFeped e o¥f a file. rrw P simjfar happens ?n the
i:aste of brazrng metal, whrch | will" speak upon at the next
ecture.

Mr. W. Britton (Assoc. Member) : I should like to ask
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the lecturer one %ue_stion respecting the planishing of pipes.
He stated that planished pipes were not good for Steam, but
he had no objection to them being used for exhaust. Would
he give us the reason for this ?

Mr. Mitton : “Planished ” is a technical word, and | _do
not know that it comes into the en?meer’s vocabulary, The
prlﬁes arelp_lac d on an iron mapdrel and hammered all over,
The result is that the co#J%er IS hardened, and being hardened
it is stronger and stiffer but not so ductile and cannot take
up alterations of shape so easn)()asplpeswhlch.are soft.  Copper
pipes for steam pipes need to e able to stand changes of form
due to changes of temperature and to vibration in the ship,
but in the exhaust pipes these vibrations are not so gangerous
In character. 1t a pipe is a little out of the circular Shape
and no pipes are perfectly circular, while subjected to internal
pressure the internal pressure tends to keep them round, but
exhaust pipes are in a state of compression, and when they
are not perfect]y round they are liable to_ be distorted and
flattened, especially when they are made thin from a question
of economy, and I have seen”an exhaust pipe flattened right
In.  The planished pipe keeps its shape better, being harder,
and the exhaust pipe never gets very hot, so there is not so
much expansion in It

Mr. McLaren : Might | be allowed to ask Mr. Milton another
question in the process of annealing steam pipes. Would
he recommend quenching or allowing them to cool down ?

Mr. 7. S. Tidman (Visitor) : While on the question of
annealmg the main steam pipes of steamshg)s, | ‘might sa
that there have ,recentl;r come_before my notice one”or tw
cases where certam,gent emen in fairly high positions in the
engineering .profession are strongly against having the steam
pipes in their ships annealed. AS’you gentlemen here know,
when going through a survey, as a general rulg, it takes averé/
Iong fime“to také down the main’ Steam pipes, anneal an
test them, and some have protested against It, stating they
did not believe in anneall_ng;lpes, as copper steam pipes could
not be annealed, or that in nnealln%vthely were raised to such
a heat It destroyed the brazing. Where | am engaged we
have taken dowhn some hundreds of these steam pipes; our
practice s to anneal and test them, but | should like to know
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what gentlemen present think on that subject. As far as
my experience Hoes we always get the best effects by assrng
them throu ht e fire. In one artlcu ar case th e(jar pes wer
not allowed to be annealed. They were examined inside as
well as Possrble and then flnalg after atchln them, a test
was aprn led usin Rplng hammers, and ast eplﬁes appeared
to be In good or ert ey Were put back again. That was four
months ago A short while ago that same vessel came under
my noticé again, and we found there was a comolarnt that
orie of the principal pipes had a lea k¥ place in it, | claim
that If it had been passed through the Tire, annealed and then
tested In the qrdinary Way we ™ should have found ouf that
defect; the Jol pe IS now elnﬂ repaired. . 1 should like to
know whethe the Iecturer thin s |t is.advisable or right that
a pipe can be prop er?/ annealed without Interfering with
the brazing; personaIIy am in favour of annealing the" pipes.

Mr. Httime : Mr. Tidman has just said that he considers
main steam pipes ought to be apnealed, and Mr, Milton has
stated that It was nécessary only In the case of bent pipes,
not straight ones, One of the difficulties that have ‘come
under my notlce has been in reference {0 another statement
made by Mr. |Iton the possibility of the pipe not being
throu?h the hiandso \}tood workmen resulting In the necessity

est. After having annealed a pipe with ong. or two or

more bends in it, at th e high pressures RUt on plrhes have
invarjably found that, due to the annealing, when o e]s
syre I gut on, |n man cases |t has altered the posrtron of t
B pe,andw ent e pIpé is again_put In |tsJ3Iace It 1s found to

deformed: that | to sdy, it has tended to elon ate or
strarghten itself. ~ In some cases where as much as
pressure IS put upon them, they have to ?e buckled uJJ
columns, or 'some ‘other means Have to be found of securing
them so that theyr will be kept in the same position as th ey
were originally, That is one of the great difficulties in sending
main steam pipes to be annealed.

Mr. J. Grisdate (Companion) : | had pot intended to sag
anything to- n| ht but reserve y remarks until the secon
part of Mr, Mrtons lecture, but as the subject has developed
more Into the question of anneal |n% and th eoprnlon on anneal-
Ing varying to some extent, | can say that 'in all the pipes
that have “come under my notice— and | am speaking as a
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coppersmith of long standing—annealing has been the onl
safe way. of detecting faults which would not have been detecte
If the pipes were not annealed. | do not quite a[qree with
Mr Milton that thestrarghtprpe ought not to be annealed, in my

opinion the straight pipe ought to be annealed. | am glad

r. Tidman asked the question because it is_a point around
which a controversy Is orng onat the Present time. | maiptain
that prpes cannot be testéd to satrs action when in position,
an the ong safe glan R ta e th?m out and have them
thoroughly examined. = Mr. Milton’s lecture so far, treatrngi
of copﬁer an Its qualifies, has been very interesting, b
think he might have said that in themanufacture of pipes the
more the copper is,compressed by rolling or'in the manu acture,
the better 1t is for the working strength. It is surp rrsrng
how seamless or solid drawn copper grpes can he workel
and what can be done with them.” We have made_ large ajr
vessels and compressed them until there is just a |-inch hole
at the top, and it seems to me that we have not yet rlrot at
the bottom of the questron of the working of copper To get
Its Proper strength. By compressing. the _grain together
greater strength 1S got out of the material. That Is th
?ornt to my’ mrnd that Mr, Milton did not bring out clearly,
he compressing of the grain.

Mr. Mitton : | think no less than three gentlemen have
misunderstood my words, so I am very pIeased that they
have spoken. The last speaker says hé believes cop per |s
made better b compressrn%n Idrstrnctl sarfdthatl hou ?
the most impartant thing In the manufacture o copperwas
amount of work put upon it and to “put work on means
exact| the same th|n as the last speaker means by “com-
Pressr (1’ rarn t e other paint, both thelaits eaker

ﬁ I sad straig ht Ipes d ot require annealing at all

f 1 Have given that Impression | am sorry; what | said Wﬁs

that bent” pipes required annealrng more” than the strarg t
pes. It is well to anneal all pipgs, byt what | wishe

Int out was that there was no anxret}/ whatever a out
nneal mg a strarght Iarpe it can be annealed over a cofpper
smith’s fire r%/ ut It 1s bent pipes that are dr |cuIt
to anneal and the bent Ipes most_ require it, rEease
to see that so many are ta |n% an jnterest In the annealin

| am going to refer to It particularly in my next lecture.
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shall state the reasons for my opinion that coppersmiths do
not anneal pipes In the proper way, and you coppersmith
entlemen ought to come up and show that ou do, Mr.
cLaren asked whether it 1S better to quench the pipe or
allow it to cool doWn. There is not much difference in the
uItlmate resuIt but certainly there is no harm in_quenching.
ne of my friends in a works in the North of England where
they havé a_large co pershOp, tested this b%/ havrn a thin
Enpe fitted with flanges, and to make sure he fitted dau eplates
0 the flanges. He then annealed th erorge In the”way 1n
whrchlconsrderthat all pipes should be annealed, by p utt|n It
Into afurnace and raisi c? |t to an equal temperature all over
He then drew it out and quenched it with waterrnﬁ cans and
had no trouble in fmdrng that It preserved Its s ? Mr.
Hulme spoke about the alteration in the shape of the pIR
when annealed and tested, The aIteratron was due to 't
pipe not belng circular originally. 1f the pipes are WeII mad

s0 that the ross section |s perfectl circular, they do not
underqo an alter t|on byt | ﬁe in the’ orddnar wa
somewhat flattene he endst e pressure tends t

them out. Of course if the pipe is, badly made it s t|me |t
\{\r/]as madte nght. However dnlext Iectture shall deal wrth
e question 0f annealing, and | see it Is going to be a point

of cansiderable Interest, ot shall alsoghavge somethrrﬁ)
say about co persmrths work In general.  One thrng I erI
say, | never recommend peope to anneaI To ges ecauset ey
send them to the COR ersmith’s sh o here 1S someth mg
| have to say about the coppersmith’s shop, and what | hav
to say | hope will bear fruit in the future,

Mr. John Crark (Member of Council) : | have been asked
to call upon you for a vote of thanks to our lecturer. | am
sure, as one who has followed him from the beginning to the
end, | have been extremely enlightened. . The points he has
brought out about the different kinds of copper have been
most Interesting. Manv of Us marrne engineers who are only
deahng with the actual pipes fitted and’ have ]USt suffrcrent
knowledge to be abIe to state whether it |sa%oo or had w
as the case mav may_not have given the subject that

unt of at% jon which it deserve Iwas uite mterested
earln out th(? gropertles o bismuth and its effects
upon copper. ome knowledge of the properties of
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arsenic, but the effects of the introduction of bismuth into
the copsper is something | have never heard of before. The
fact of so small a proportion of bismuth when_found in copper
altermq and entlrelg chantglng% the value of it is a point_which
probably we shall héar more ot when we begin to discuss further
on the methods of treatment of the cogper for steam pipes.
Seeing that this lecture is on the subject of the treatment of
copper for steam pipes, we do not appear to have touched
uponthe main question; but the lecture we have_heard, as a
primary one, has given many of us an opportunity of seeing
some of the difficulties that exist n the Selectjon” of cogger
for the purposes to which we apply it as marine engineers.
The lecturer_has told us how different varieties of cop;er
may hold different impurities, valuable in some cases and
disadvantagequs In others. These matters will, of course,
be quite familiar to the _copPersmlths, one or two of whom
| see are present, and judging trom the remarks these gentlemen
have made as to the working of copper pipes, théy will no
doubt enlighten us engineers further on what their experiences
have been"when the Second lecture is delivered. One gentle-
man made reference to the vibration in pipes. That Is a
point to which we have probably not given the attention it
demands. We have ships now funning at high speeds, and
In Somg cases very |I8ht draught sliips ex erlencmﬁ considerable
vibration, and rio doubt In” contending with these different
kinds of viprations as_compared with "that of the old days
when vessels carried 20, 30 or 40 Ib. of steam instead of 200
to.215 as is now sometimes the case, we have probably some-
thing further to learn as to these greater vibrations and the
different conditions brought to bear on the pipes.. | know
of cases where the old-fashioned method of securing pipes
to beams b¥ hangers, keeping. them close and rigid, proved
destructive to the pipes, butthat is entirely changed now,
allowance being made for expansion. In some ships of Iarﬁe
dimensions there may be about 40 to 50 feet hetween the
hoilers an th? engines, and In such cases there mus be a great
deal of trouble experienced with the expansion in pipés of
this length, and many means have to be resorted to In order
to avoid overstraining, | ask you to render to the lecturer
a very hearty vote of thanks for the trouble he has, taken
In pr p,arm% such a lecture which has proved so eminently
Interesting and educating to us all.
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Mr. J. E. Etmstie (Member of Council) : | have great
pleasure in seconding this vote of thanks. It has been a
very interesting and mstructlve Iecture and. very few of us
can go away without h avm\%/ learned somethln% more about
coppér and |ts treatment.  We have also had the advantage
of hearing the experience of some of the gentlemen who have
aggléenm%nd hope the next discussion will be an extremely

The vote of thanks was carried with acclamation.

A vote of thanks was accorded to the Chairman on the
r(gaosal of Mr. Robt. Balfour, seconded by Mr. T.P. Aukland,
the proceedings terminated.

Lecture.

PART 11.

Monday, February 10, 1908.
Chairman . ALEXANDER BOYLE, Esq (Vice-President).

Chairman : We had the Prlvde last Monda evenlngi of
hearing a_most Instructive ecture our frien Milton
on e Treatment of Copper for Stéam Pipes.” Mr. Milton
then dealt more particularly with the copper from the ore
fo the mgot when It s roIIe into sheets, ordrawn |nto seam-
less tupes. "He also exg lained the metho sadog 0 ensure
obtaining the quality of metal desired; and pointed out the
very reat and ver){) serjous effect on the quahty of copper
WhICh was caused by the presence of extremeIY small ‘per-
centages of foreign |ngred|ents Mr. Milton also touched
on the Elmore or eposmn Rrocess of mak |n% seamless
%pe EI es; described the dmlraltg tests for copper,
ave a most mterestlng account illustrated by dla? ams

o th e beh avmur of cornper when subj e%ted to tensife and
other tests. |to proposes to- nlg t to give us the
second part of h|s lecture, and that is, understand more
Immediately connected with the copper plpes when.'made.
The first leCture, as | have said, was interesting and instruc-
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tive, and | have no doubt this lecture will be even more so,
because as engineers we are more,_particularly called upon to
deal with copper In the form of pipes, either for steam or
water.. | will not occupy your time with any more remarks,
but will call upon Mr. Mifton.

Mr. Milton : To-night the sybject that will first interest
us IS the design of steam pipes, after the question of the design
of steam pipes, | shall discuss the corrosion of copper pipés,
and afterwards pass on to give a few remarks upon copper-
smiths” work. y remarks about the design of steam pipes
are e(ﬂualg plicable to steel or iron pipés as they are to
coppe steam pipes must be, first of all, strong’ enough
to withstand the pressure A verp Important point Is that
their design shall be such that jt will not be possible for water
to accumulate in them when in use; if there are dips where
water may accumulate disaster is sure to occur when chanﬁrng
the spee of the eng me?1 and at other times,  Where ther
IS only ong hoiler In"a s ip, or in an installation the mater
IS not’so difficult to, deal with as where_there are more, be-
cause where there is only one boiler, if ou always get up
steam with the stop vaIves oBen and if p %s are made
5o _that the highest point is only 1n one p etween the
boiler and the engrne any water that condenses in the pipe
runs down either mto the boiler or into the engine and can

e drained awarp [)rf there 1S more than one boiler, when
there Is steam 1n one boiler and not in another the steam prpes
are filled wrth steam and during the time when one hoiler i
not bern used, there | sure to ean accumulation of water
In th epr erunnrn to_the boiler out of use, and when coupling
ulp tbe oiler agarn |t IS exceedrnglx difficult to avoid the

trouble caused by that water DEiNg. set In motion.

t Ink Jt Is a bIemrsh In man desrgns if, 1n each. case where
there |s more than one hoiler, there 1s not a drain cock and
|Ip fitted a ove the stop valves, so that the pipes can he
arn% f course I perfectly well aware that there
are S |ps here such dram Erpes are frtted and not ysed,
disaster occurs In sych mstances It |s no fault of
the esrgn I cannot emphasrze too much the, |m ortance
of not h avrn rp where there |s a possr é of an
accymu atron of water to have @ prop er%/ fitted drain p
The next point, another very |mportan one, in the desrgn
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of steam éarpes is that provision should be made for the ex
sionofthe pipes.  The p |8esaref|ttedwhencold but when| use
they are hot and very not In cases where high ressure steam IS
used, The expansion of the pipes is, then, a thing to be very
carefullyconsrdered because]rt means that If theg re made t f|t
prop erg/ when cold, when hot the are squeezed up an
causes greatstrarn not only on thé pipes but also ont eparts
from which they are squeezed.  These fixed points are the sto
valves of the baller and engine, and when we reaIrze how muc
strain comes on them, one s not surprised that the pipes very
often fail at the flanges where they are fastened on to the
stop valves. What expansion, then, 15 to_be allowed for ?
First of all the expansion of the boiler itself. The hoiler
IS made of steel, and we may take 180 Ib. pressure as a
ver reasonable and usual pressure; there are some which
to 215 Ib. and a few even higher than that, but 180 Ib.,
at which the temperature of the steam is 380° F 1s a reason-
able figure for modern steam |ﬁes to withstand, They may
be fitted In the winter, when the temﬁerature IS only about
0° or 50°, ?o thattprovrsron has to e ae oranse o tem-
Eerature 0 ? . Between 80 F. the
teel hoiler itsel expands Jof an |nc for ever% hfeet 50
that if the boiler from the cradle to the top of the stop valve
Is 18 teet in height, the top of the stop vaIve wh ere t e |pes
are connected 1S [ifted The en Ine os n"ot]
Provrsron has to be made f rone e d fo I|t J | er t an
he other when in use. The steam gar es themse I of
|ron or steeI have the same ratro 0 tg)ansron th e ave
elp for everY Lft In length, but copper expands
every 3ft In 1ts length. Of course copper 15 much
mor glrable and for the fame deformation does not under-
g same stress as steel, but it will be seen that there Is
lways a %eat torﬁ ?( vide for One method of ealmg
with the matter 1s by making the prﬁes nearly straight an
having packed expansron joints. That, indeed, would be
good way, If It were not so troublesome to keep such
n joints In_good order and to prevent leakage. But
xpansron joints are fitted there is something morg to
b rt)rovrded for, and thaé IS to make the design. of the %r
hat they will expan |nto the expansion_joints.
seen them. where th eg | not, and one of "the drffrcultres
when dealing with thé expansion of pipes is to see that the

c

b



32 THE TREATMENT OF COPPER FOR STEAM PIPES

ends or other parts are proRerIy fixed where it is not
intended for them to move, so that the pipes will move where
provision is made for movement,  When you have a steam
Enpe In any case, whether there is an expansion joint or not,
here Is always a longitudinal tension due to the pressure
upon. the area of the proe and that has to be taken up s
that it Is necessary to see that the pipe is IEroperly anchored
Another lan is to provide for expansio means of bends
which certain] ]y saves the trouble with the stuffrng -hoxes, but
creates the drf cuIt of keeprn%theprpes soft. Manyen%meers
think that 1f there Is a bend pipe it must be very
flexible, but | think the forﬁet or often torget, that a hollow
cylindrical form is an exceedingly.strong one and not a flexible
one. A hollow shaft or column’is stronger, werqht for weight
than a solid shaft or column, and it is generally recognrzed
that the hollow form orves the greater ‘amount of stiffness
In proportion to the material used.” Now, It is a matter easily
calculated how stiff a pipe is, justas it can always be determined
how strong a hollow' shaft 1s, compared with a solid one of
the same” material. A 6" ﬁp §" thick, s quite as
stiff as a4 4/" soIrd bar of the same materjal, and a 6"
copperiprpe £" th |ck IS urte as stiff as a 4" solid copper
we remember this we can see the importance’ of
having flexible bends and plenty of tem An ther point
that IS very often forgotte |n puttrnﬂ] pipes is the way
they are frxed in thes fro su ose at |es are as often
Injured b unsurta le fixin )F]an yth |n else. A very
common plan is to hang the |pe by angers fixed to the beams
or other’ parts of thé ship, forgettrlng that the expansion
of the boiler lifts the pipe up fully V' in the first place, and
that the expansion oft e prpe |tseIf in a robabrlrt wats
the pipe to move and no provision is mae for the alteration
In bending that it is necessary to rfrovrde for on the ex ansion
of the pipes, Perhart)s | might illustrate that
ug pose the points marked A A are te so “valve
flanges,  These are the fixed points of a pipe which has to
expand in length. ~What haPpens IS that when expanded the
?I e bends up in the djrection shown bg/ the dotted lines.
f'the pipe is prevented trom rising. by th han%r then prac
fically the pipe has been made rigid “and ave nof the
freedom for expansion that you think, or that you ought to
have on your pipe. It Is Seen that it is a very important
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thing to pro erh( desi nthepl ehantgers It is quite as important
to_fix the details of he an ers of the pipes in the drawing
office as it is to fix the design of the pipe itself. There IS
one other point about .the design of pipes in the drawr

office. It |s my lot occasionally to see drawrn s of stea

pipes, and | find that on some of them proper dlrectlons are
Hrven to those who are to fit the pipes up In the ship as to
ow the different parts are to be fixed. Where necessaru
directions are given for the holes to be made oval in order to
allow for the horizontal or lateral movement of the pipe,

but one_of the directions some enqrneers put on therr drawings
and it is a very |mEortant por IS to' specify that the flll
length of the p |Pe a$ made shall not be the drstance between
thestop valyes, that the pipes shaII be made short b¥ a definjte
amount and drawn up to their places cold, so that when the
prpes are cold they are peing stretched and have a strain put
upon th em in th eu}pposrte irection to the strain WhICh comes
upon them when hat means the straln wh enp
hot |s about ha ved, T IS is a very simple precau
and should be put on every rawrngI but it is not often done,
Theire IS 1another thrn% tdo, that t}hlnk en%meers do not
rea 128 SU f|C|entIy They count | P e .number of ends In
Ipe, and becduse the are sufficient |n number therefore
Y thrn t e prpe IS goo enough hut If th ere IS an?/ art
he pipe | ([r In a strargoht Ine Jornrng the fixing f a
t at prpe cannot be so flexible as |ft e pipe. was through ou
ItS Iength at a djstance away romt eIrne{omln those fIan es.
For inStance, take the caseo two pipes with an etI]ua number
of bends in them. One Is constructed In the form shown In

Fi
grhe pipe is fixed at the ends A A and the expansion is resisted
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by pressures tending to push these flanges A A to ether 50
that the straight portion has then a tendenc to en UIE
wards, the bending moment at any_point erng equal to the
force exerted bY e flanges muIt| I|ed bg the |stance of the
point from the merommgte an es. But |toten happens
In the design of pipes that one |s shaped like this—

Thrs e IS not nearly so erxrbIe as the other, be?ause with
the s forces acting on t e anges an appreciable bendrnd
movement only comes on the bends and ve ¥I|ttle on the par
E)ractrcally strarght Roughl the flexibil |(¥ IS pro portional
0 the area confained between the pipe an the ling j ornrnﬁ
the points of fixture. The rectangular orm gives a muc
larger area than the two friangular Spaces and the latter pipe
IS not so flexible as the former, aIthough there are the same
number ?f the same size of bend s |n it. So much for the
desrgn 0 rtu pes. | have not g means exhausted the

h$Ct bu Ihavegrven ou sométhing to think about. Dram

roperly, make them shorter hen coId b

amount of the expansion which they will ynd er 0.when heated
and take partrcular care that the r¥ are flexiol |n the desrlg

and that the h an%ers are so arranged as to anchor th eP ts
mtended to be anchored and leave the E)arts free that are
Intendeq to De free to move or you will have the hangers
preventrnq the arranqements for “expansion heing effective,

In"the ast lecture 1 mentioned some of the properties of
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cop Per To-night | have brought a diagram showrng two

roperties of copper, the first of which | have ‘taken
from apaper | read about twelve years ago before the Institution
of Naval Architects. | may say that some of the ideas put
forward In that paper were those of Dr.Watson, of theBroughton
Copper Company, and | am pleased to see that that Company
has a representative here to-night, but what was true twelve
years ago Is equallytrue to-day in connexron with the treatment

pper. In that ﬁa per | passed some_remarks, about the
EImor copper, andt IS happens to he a diagram of a tension
experrmentwrt Elmore eo%er but In rmcr le it is perfectly
true for ordinary copper. When a |ece of copﬁer IS properly
annealed, |t IS very soft, and on a ensrle strain being put on
It, when about two tons{Per square inch is reached, |t beglns
to perce tlbm stretch, and as more stress is put on so the
copper stretches more and more.

In this particular sketch the distance horrzontall¥ represents
the extension caused b strams roportional to the ordinate
of the curve, of which, the total erght represents 13'13 tqns.
At the point representrng about 2- tops there s a perceptible
stretch, at 5 tons it Is much greater, and so on til] the total curve
Is obtained. The total anount of extension In_8 inches, was
48 ercent so that 1t will be seen that the metal is exceeding|
ductile. The tests were conducted by Professor Unwin, an
when the strain had got to the pornt shown by the break
In the curve, viz. about 6 or 7 tons per Square inch,
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he let it off. The strain feII to nothing, but there was found
to be a permanent set, and after p uttmlg the strain on a%am
there was no further stretch until it reached_6 or 7 tons
or where he had left off stretchlng it before. That Is to ]§
when copper Is stretched to a certain amount, It Is after-
wards[ﬁ)ractlcally elastic up to the limit to WhICh |t has been
stressed. ~ Another piece of hard, unanneae Oproer was
tested, and the strarn put on ran up to about 14 t
It began to_stretch, and then it stretched rapidly to about
21 percent, in 8 inches.  Although it was Elmore_copper that
Was used In these tests the recorded hehavrour IS character-
IStic 0 cop per under similar condrtrons When
copper s Proper%/ annealed it is very soft, when it is not
anneaI%d it has still a_rrrood deal of ductlll% hut not nearly
SQ muc asw hen soft. ~ The French have a term for the op osrte
of annealng to denote the condition of the metal, whrch we
cannot describe In English with one word. They say It is
ecroul. We find this word translated in technical drctr naries
as “ hammer-hardening,” but the same word 1 used whether
the hardness Js put on H ammerlng wrre -drawing, tube
drawrn? bendrng, cold rofling, or in any way in which an
amouynt of mechanical work 'Is put u on |t and makes the
metal hard, In copper-making, when drawrnﬁ the tubes,
as we saw In our [ast lecture, at every draw the copper is
very much elongated and left ecroul, thien it is annealed and
again drawn, and so on until it gets Its final dimensions.
Let us see how annealing affect a steam pipe made of good
copner We will |ma%|ne that the steam prpe IS propery an-
nealed and soft throughout, then f|tted Into place anv\})ut into
use duringwhich it has to be repeatedly deformed hen the
first change of shape takes place in the part where the greatest
strain cormes it begins to yield, when thestresson thega} comes
fo two or three ‘tons per square Inch. Then another part
be qrns to takeupsome fthestrarn and 50 |tgoes on untr some
[3 ha ? taken ace nearg a ver ﬁ PI Then the
[pe 1s” coole d.some fturther sli h |eId|ng takes
lace. Steam |s then ralse the secon % % B
ecomes stralne at the same arts as pefore, but It
ar ened a] strengthened g/ Erevrouseyreldrng Further
|ed|n erefore, must ta In somé other Fart of the
ean the repeition of man expansrons gradually hardens
and strengthens the pipe in ditferent places”; If the”straining

S eore
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has not all been concentrated on one spot. That is the con-
dition which explains the failures of some pipes to which 1 will
_ref%rdla%er, andtglvesltthetexpla?atrl]on of hOWIpI es }Nhent_sub-
ected to repeated alteration of shape may last a long time
Juntll the){ 8Pac?u_a?lyget hard througf?out, ar¥d then theygshould
be annealed again.

Fig. 8.

The. next %uestion is, how should copper be annealed ? and
ot this point coppermakers and coppersmiths have done a
greai(deal of harm by not allowin thg f%cts to be made gener-
Ily known. An opén mind is a good thing for these things,
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as for everything else, and although we must believe that
coppermakers know all about the treatment of copper, I have
never been able to find out, until I came upon 1t by accident
In a French boo when ookln%for some partlculars about the
fragility of steel, how much t e annealing is affected by the
Rurlty of the metal. M. Andre le Chatelier, a French engineer,
as Written many papers on steel, amongst them is one on the
Influence of time ‘and temperature on"the mechamcal pro-
perties, of all kinds of metals. pa per is to be found in a
collectign of papers by the French Ins tution for the Encourage-
ment of National Industries, In treating of the question”of
annealing metals generally. he speaks of the influence of the
chemical” composition of the m taI and states that the im-
purities contained in_a metal mod |ty often very apprecraby
the effects of annealing, and their tendency |s awTv]s what
ever be their nature, to retard th e anneam e metal
most pure is that for which the annealing for a q[rven tempera-
ture is the most rapid, and the purer the'metal, the more com-
plete are the effects proguced.

The curves in the sketch are relative to |mpure copper. He
does not sav how |mgure the coglper IS, but | presume he means
the ordinary comm reial co}o |ece of Impure cop er
which was made ecroul, or ardened (he does not sav
hard?] was then submitted to a temperature of 392° a
which is very nearly that of 180 Ibs, pressure of steam. ~After
be|n annea%d for 30 minutes at th|s temﬁerature Its strenﬁth

haraness as consrdera I a len, in one_hoyr it has fallen
strIIfurther and even ater he four hours it will be seen that
the curve is still falling. ~ At a higher temperature, 572° F.,
s own }vthe second cyrve, which is below red heat, the same

o ad 1ts strength brought down very considerably in
ha an oura}dafter the four hours it was rirett low down.
At 842 ich 1s_incipient or faintly visible red, the curve
takes the form as shown on the diagram, while at 1,100°
which 1s, | think, somewhat eow e tem erature_used for
brazing, the anneam% mstantg/ rings it .down to its lowest
tensilestrength hat one ees that with ordinary copper
some annealﬂ%takespace at 400° F. Rut notver much, and
one can see that at that temperature t ecoﬂ) an never b
{)rop annealed Even at heve vdu re eco[oper IS not

annealed, whereas at a tull red it I1s anpealed immedi-
ately. ow comes the important point which 1 wish to mention.
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Electrolytic copper it is said in the Paper anneals itself at 200°
that |swhatlwant to point out, the very low temperature
at whrc eectrontrc or pure copper is annealed. 1 had been
d this [ysome of my friends as a fact not generally known
but this French engrneer records as an exp errmental fact
that at 200° C., the co(waer IS absolutey] anneae Now, |
think  that accounts for the fact which. has been roved
by unfortunate experience, that electrolytic cogger alth
It will stand severe mechanical tests, Is not surt le for cop er
Prpes that are exposed to great changes of orm and tempera-
ure Itcertarn fails verymuch mare quickly than ordrnary
commercial cop er réason Is t at every time the E
are in use they get softened and the little deformation that takes
place always takes place in the same spot: the effect is con-
centrated on the one spot generally at or near the fIange and
ultimately the i)rpe breaks there, whereas the impure Copper
does not anneal at the 400° and the hardness created at the
first yielding helps to spread the subsequent deformations over
the remainder of the pipe; at any rate, they are not concen-
trated on one spot.

Now a word with reference to our friends the coppersmrths
How are we to properly and thoroughly annea |pes that h ave
been hardened or made ecroul |n use? T Pr persmiths
say they do 1t but It 15 impossiple for any huma being to

ro?ery anneal a arge crooked pipe over the ordrnary copper-
smrhs frre They think t hy can, but the cannot

taetepge pu |t n the fire, blow the astﬁ

ma e one part red hot and that spot Is annealed. Then they
shift the prpe and anneaI another spot. The cannot make
the pipe unrformly hot throu hout the man has to carry in
his mind all the § gots where he as made It hot, ﬁnd he tries
to get over the whole of the pipe in that Way but there Is sure
t0 eéomes otthathas never eenred atall” | think when you
consider the bends in the pipe, you will see that some of ‘the
Parts cannot he got near enough to the fire to get the prope
reatment. It IS very essential, it annealing is done ‘at all,
that 1t should be dore thoroughl y and throu(t;hout the pipe.
A straight pipe may be annealed over a fire, buta crooked pipe
cannot be annealed in this way. What is the cure 2 The cure
IS Tor superintendent enqrneers to insist that the people who
undertake the work shall have a Proper furnace, so that the y
can raise the pipe to a proper temperature throughout |
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whole length, The proper furnace can be made—notwrthout
difficulty, p erha s, but 1t can be made—and pipes can be put
|nto it |n suc awaR/Athat the welthrﬂtof the | es will not sa
them. My friend, Mr. Allan, of Messrs. thorn, Leslie
Co,, IS orn? to read a paper on * Copper P p » at the North-
East Coast |nstitute of Engineers and Shipbuilders shortly
and he has been makrn? a number of experiments,  Qne of
hrs experiments was to fake a crooked pipe and put it into a
urnace wherertwasmade redhot; it was then taken out and
qruenc ed with waterfrom awatering-can, and 1t was found on
|s being done th at Its shaPe was not apprecrably altered,
The bug bear as to change ot shape by annealing “does not
exorst n gractrce a furnace can quite well be made to do the
W
There |s another thrng abou annealrnE that | want to
mentron When a coppersmith has to make a bent pr e out
of a tube the frrs thrng he does Is to geta%oo tube rom a
good maker and en he anneals It, fillS it upWith resin—there
is another material that they sometimes use, but resin'is gener-
tII y used— anﬁl then, %fter it 1S ]cold rheb bednds it as neadr ﬁo
¢ required shape as he can, or, if much bending is required, he
ends%t as far gs he dares.” He then runs ou% h ﬂesrn and
anneals the tube again, re-charges it with resin and completes
the bend. For a severe hend fie may have to reload two or
three times, Each time the Prpe has’to be annealed and each
time, as it becomes more bent, 1t is more and more difficult to
%et it properly annealed, and it js not to be wonderedat if some
fth ee | es crack acr?ss the back durrn% bendrng as one of
our friends mentioned last week, not heCause thé copper Is
but, in my opinion, because there happens to be a spot
there where it”has not been properly annealed. After the
pipe IS pent to sha e the fIanges haveto be put on, and again
n.brazing on the flanges the pipe near the flanges has to' be
raised toa hrgh temperature, | mentioned in the last Iecture
that n all ordinary copper there has to be a certain amount
of an element called oxygen. What that amount 15 1 do not
know, but the more |mpure the copger IS th e more ox%/g
has t0 be contained in If. In the er to which | the
erred, read by Mr, Dean n connexron wrt theAIIo S Research
Commrtt?es e ort ives the anaI srs o t e cop Sper n
eighteen locomotive, |re 0Xes someo g 00d service
and some bad service, and the analyses sho thé oxygen to
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vary from ‘019 to "248 per cent., a very large amount s0 that
somie copper appears to require a good: deal of oxide of copper
dissolved'in it'to make it the proper pitch. When the copper
Is raised to a red heat for annealing or brazing,. if by some
mistake the workman has the copper in a reducing flame, a
fIame greedy of oxygen, It takes some of the ox%/gen from the
er near th e surace and_produces an effect Which manY
co ersmiths call “ burning,” but which copper-makers call
“gassing.” 1 will show ou some preces of “ gassed " copper
but before doing so | will ass around thrs piece of annealed
copper showin t e Admiralt ?/test The copper as you see
IS bent over at oth ends abso uteIrX close, and one of the closed
ends is afterwards hammered to a feather edge. A piece
of good copper ought to stand this, and If there”is the least
sign of a_fracture 1t should be condemned. ~Here is another
Plece which has been raised to_ a much hotter temperature
han is ordinarily used for annealing, but it has stood the double
bend very satrsfactorrly Here are two pieces whrch have
not een u}rtecosed down. These two |eces wer obtained
rom t e s ‘o of an eminent copﬁersmrt the copper
In both cases s gassed on one side ahd not on th eot er. TN
shows that it has been gassed at the co Frsmrths shop and
not at the coppermaker’s works. You will see that In each
case one, of the bend% shows the cogﬁer to he P f on one
siae, while on the other side, |n each case, 1t Is full of little
cracks due to the “ gassing.” " Here.is apiece ofafarled co ber
Prpe flafttened oHtater condemnation. | am not sure of the
%asg(rjt (r)nr v\{hrcro t§§| pi er\?]/astﬁréndermnre but it has lbeen
SS S uri Zl ou, look a
(tlhe 0ne i e |tpwrllf be)tound tg be fu?l of mute gacks which
do not go ar into the chog e . .In t IS plece of a_condemned
steam Rrpet egassrng S led to t eﬁB eginning to crack
right through. "One of the thin s that occurs with man
materlals IS that If a crack I start d and the material I after-
wards worked or stressed the crack will go rroht through
althoygh the material may he fairly o S0 that with a
ipe 1t 1s neces]sargl okeep the hrﬁhes uality of the cog
Ight out to the surface, Tor If the copper. i crac e ven
to the extent of ,, “part of an inch in de P th ose
little cracks will g radually work through unti the¥]
right through the COP . In the case of the pipe shown
the crack had got halr-way through. | have had a piece



42 THE TREATMENT OF COPPER FOR STEAM PIPES

of this pipe annealed and bent over, and you will find
the hack is ful| of [ittle cracks showrn? thdt the copper
has been gassed or de-oxidized on the su face and showrn
aIso that annealing will not restore a pjece of gassed co'nper
| tried to de-oxidize a prece of coRper last Saturda
It for ten minutes in a flame which | thought was a red ucrn%
flame, but it Wa? not gassed I exRect the reas%n was tha
It was ver¥ nearY puré copper and had not much oxygen In
it. | mentjoned that the best workshop test was to hend the
copper both ways. Here Is a piece which bends one way
admirably, but when bent the ‘other woy it breaks. Here
are two p| ces, of electrolytic cop ne T erfectlx
hard fromt edr&wbenc hias_been entoveru til it just bega
to show very small cracks. This other piece, also Hard, stood
the bend test exceedrn?Iy well.
You now see, If there is anything in this gassing of the
copper how very important It 1s that the coppersmith,
has 1o eataprge several tlmes does not as it while brazrn
on the tlanges, and also when a pipe has become hardened 1
use, how very Important it is that it should not be gassed
while 1t is berng annealed._ It was mentioned last week that
there are some ngrneers who do not like their pipes annealed.
| then gave it as mg Blnron that If a pipe could be properly
annealed |t would etter o do sp, but said that it was
_durte possible to damage a pipe by. |mBroperIy annealing It.
he reason, first of aII is that |t ma}/ e made soft in some
plages and have other parts of it left hard because of the
drffrculty In attemptrng to uniformly heat it over a copper-
smith’s Tire, an second % ever tlme |t is put on the fire
there is a risk of gassing the copper. . If enterprising’ copper-
smiths woud ma e furnaces where ﬁ would be impossible
to gas th eco er and where pipes could be uniformly annealed
trou hout nIth|n every stea |pe ought to De periodi-
“”e""'%dn o brading ae gret Mators Ahat denind
Zing $ S
%)h af |ndeed on thegskrll o?thew rkman. Thes |IIed
inks he knows, and no dou t In many cases he
does. know, when he has_ made a good job, but |t 1S quite
possible to' make a had job of brazrng whre thinking 1t [
a good one. One of the effects of brazing Is that If one IS
too long about 1t the copper is damaged in another way.
There are right ways and wrong ways of designing pipes
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and de5|gn|ng fIanﬂes and | have known peoEIe make very
bad f are?es when they thought they were maki gver

ones. One f ange WhICh used to bé thought to De an exceI
lent one had a“very high collar. | think that a very bad
flange. The bestwdy to put a flange on apipe is as follows :—

Have only a small collar on the fIange bore out the fIantI;
for a short “distance nearest the face 1o a diameter equal 1o
that of the pipe and fa ert e rest of the bore to about
aII round larger than P The p IIBIE end will then be
ﬁood fit at” the face of he flange.  Make the to[ﬁ)] of the
collar to slope down towards the P ge s0 that when the braz-
Ing material melts 1t will run right down into the space made
by .the taper boring of the flange, there will then 'be a good
union between the brazrng metal an the pipe, and between
the brazrng metal and the flange. there |s ot taper enough
In the boré of the tlange the metal will not run down, and the
union will be something like this—

which |s not at all satisfactory. When the_brazing is com;
leted, uestron arrses ow can the jont be tested ?
urwort ¥] hairman knows of a case very well where a, poor

fellow lost his life through a pipe drawing out of an inefficiently
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brazed flange, The fIande appeared to be all right, but when
it was examined after the. accident it was found that the
brazing was defectjve in this way. Now as to the best way
of testing the brazing of the fIanP File off the protruding
Part of the copper pipe absolute flush with the face of the
lange, takeave hg t ammer and |ve the p|geafew blows
inside at about the middle of the thickness flange
where the brazing metal ought to have come to, and if it is not

brazed groperl the copper WI|| stretch and will be felt to
Protrud at the flange face. | believe that many flanges
ested that way, would be “condemned and  re-brazéd.
Another word 1n tonnexion with brazing. Brazing metal con-
sists, when made, of about 53 parts b}/ welght Of copper to
47 of zinc. These two metals are melted together, and the
resultlnl% alloy 15 cast Into ingots.  These are en ralse to a
perature causmg the metal to become ver% brittle
an it 15 then pounded u% and 1t breaks into the beautiful
little crystals of WhICh razmg metal 15 composed. The
temperature at which the metal’is brittle is not very much
eyond that of steam, so that | am quite sure that brazed
steam pipes, or pipes with brazed flanges are not suitable
for suPerheated st ﬁm aIth? ugh they g be all nqht for
ordinary steam. The metal 15 not a stable chemical com-
tt)OU“ When hot, some of t e zinc evaporates from 1t In
formof vag Tr and maZ be seen purning Into zinc oxide.
The brazing metal thus tend toq]trlcherln copper and poorer
in zmc an W en so much zinc nas been eva orated that the
R/IroRor lons o ?omer and zinc have chan T t%
tz metal I ed which s stronger and less rlttle than
t eonglnal metal. But the molten metal has also a tendency
to dissolve up some of the copper of the pipe, and if the brazing
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is t00 long on the frre it dissolves up some of the copper, thin-
ning the Copper of the pipe, and you will find that the brass
has eaten, as It were, into the coE per. Here |sasampew ere
some brazrn% metal has been Rt over the fire tQo long

It will be seen that the brazrng as eaten IS way Into the
copper for a consrderabe ep th Any one with a crrtrcal e%/
can always tell after th eéalpe has been cut up whether

coppersmrth has had the brazing too long over the frre

not.

| will now say a few words on the corrosion of co Per I
am no further on than | was at the time of the last lecture,
| know no more on the point, but | will show you some ex
amples.  As a rule we do not find co ersteam pr 8s corrod e
but occasionally we do ; here I a fa |ece cut out
of an auxiliary steam pipe, full 0 prt ed hoIes pipes
which give most trouble in thrs respect are those WhICh con
vey sea-water, and | do not thrnk we should be much surprised
when these water pipes go. In the old days of wooden sail-
Ing ShIﬁJS the used to pru]t c0 rr)er on the botfom to keep off
barnacles and weeds. Through the action of the water" the
coPperwas slowly exfoliated and copper ?ood for the Purpose
exfoliated very sowI\( bé very uniformly; so that although
the copper wasted it fasted a long time and when 1t was done
It was done all over, But occasionally there were ¢ ses where
the copper did not waste uniformly, but wasted In holes
very quickly, and | do not think these cases haye ever been
satisfactorily explained. These peculiar cases often occurred
with coppe sheathrnlg and that 1s the kind of thing happen-
mgwrth our Sea-water pipes. Theunrform waste of the copper
S eathrng In sea-water S said to be due to a chemical com-
Boun called oxychloride—the OXH f the air berng a
ery important factor init. 1t we codld sail the ships inw ter
where there was no air af all in squtrPn there woul groba
be no corrosion, but unfortunateIY sea-water has oxyge
dissolved in 1t, and | suppose all our sea-water pipes must
be expected to waste. . But'it is when the waste is not_ uniform
when' 1t forms holes in the copper, that trouble is given, and
that i1s. what 1s occasionally met wrth Here IS a prece of a
brlge pr every much corroded. 1 do not know wh blge
PI cf so_very thick, most robabg/ to replace one
h fare before Here'is anothier piecé | have' got from
a |sc arge pipe used with a surface condenser. It took
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elght ¥ears to get into th|s condition.. The top half is wasted
almost through, while the lower half is almost perfect. There
IS, however a little bit at the top where there is still the same
thickness of copper as originally, but 1 think there Js no doubt
whatever that'in the case of this pipe the corrosion was In
some way due to the air separatmg from the water in coming
through the p umg This piece 0f pipe fastened on to th
card | |s a very marvelloys case of a copper bilge pumf
charge pipe, w ich was found holed. 1t was carefull
round with canvas and sheet jron put on the putside as a tem-
porary repair, and at the end of the voyage it was taken out,
and part of 1t was found to have been made into the [ace-work
Patt rn that you see. In some parts there is still the full
hickness of metal [eft, while in others there Is nothln%
left. It is this very erratic nature of the corrosion, tha
causes the trouble, and it we knew the reason for it we
might possibly devise a cure.  The fact that some coppers
do nat corrode, while others corrode very rapidly, is a very
disquieting thing, and I think it must be “due’ majnly to the
composition of t ecopper As we have seen, ordinary com-
mercial copper contains a great man dlfferent kinds of ingredi-
ents in small uantltles Each of (ese has its influencé, but
why some of them should act in the direction of forming these
pit"holes I cannot tell. One of the causes generaIIY glven IS
that It 1s_due in some way to stray electric” currentsin con-
nexion with the electric Ilght but T ere was_no electric ligh
In the old wooden ships, act remains that In sof e
steam ships that have the eIectnc I| ht, a relolaced copper pipe
esnot |vewa like the old one, ~ The whole thing is obscure.
There must be 4 reason, probably. more than one ‘reason.
To-night we. are very favoured'in havmg with us a gentle-
man reCnresentlng avery eminent _firm of Copper-makers, and
if our Chairman would “ask Mr. Tomlinson to open the dis-
cussion | think we woula all be very pleased.

Chairman : We are all very much indebted to Mr. Milton
for th ver mterestmg an(f:t Instructive lecture we have heard
to mq the subject o Cogper for Steam Pi and

sha [pleased If man will now enter Into the |sc é n.
It as Jus %curr% t ethat as Mr Milton has divided. his
lecture mto three heads, 1t would perhaps be more convenient
If the discussion on the subject of corrosion be deferred, and
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the discussion on brazing taken first. | have great pleasure
|nbask|tng if Mr. Tomlinson will kindly say a few words on the
subjec

Mr. F. Tomtinson (Visitor) : | am very pleased to have
this opportunity of expressing my appreciation to Mr. Milton
for the very able lecture he hasgiven. ~All the information
he has given has been of a very practical nature, and | speci-
aIIy ap recrate It_as a manufacturer, interested in the manu-
acture of com)er In its various f(frms esp %cralcy i the form of

K all en neers will that cop

tu es. agree er has_ been
a very good friend to ut like man ood |ends it has
often’béen imposed upon an In many ca es where it has been

used in form of pipes, sheets, etc.. it has heen condemned when
in reality no blame rested with the metal jtself or to the mode
of manufacture. In instances where failure has occurred it
IS generallydue to harsh treatment receivedat the coppersmith’s
han s or in use, therefore | am very pleased that Mr. Milton
%uch?reatstressu on thispoint, and If?el surethatf P
smrt others Interested m the useo copper will profit
ey his remarks. One point | would like to remark on'is in
r erence to the ex er| ents on co per made by M. le Chatelier
uote by Mr. Milton. He said that ordmary commercial
opper at'a temperature of 380° to 392° F. underiwent a change
sr |Iar to annealing, or was practically annealed Experi-
ments | have madeare not In accord with that result, ntd
think the copper used hy M. le Chatelier must have been If er
entto the good commercial “tough copﬂermanufacture mt IS
country. . Ihave made ex errmgntswrt he ord marry] tou
commercial COBBSI’ h ardened n¥ rol m% heated the sam
up o 350° to 4 d kept them at that'temperature for ¢ ree
or four weeks: no chan ecould be detected after submrttmg
them to tensilé tests. However, on the other hand, | foun
that samples of pure copper submitted to the same condrtlons
were ractrea annealed as stated bg M. le Chatelier.  On
the s me am Mr. Milton referre to a temperatyre, of
1,100° as a brazing temperature. This must be a clerical
error ast he brazing temperature 15 some 400° or 500 over the
flgure mentioned. Another Interesting point | might take
the opp ortunrw of mentronrng[ IS the result of a prolonged
heating test on copper ests | made were to compare
the properties of arsenical, or “ tough,” with those of pure
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pper.  The copper in hoth cases was heated to 1,600° F.
_?ood red heat almost approaching bright red), for four hours.
ith the “tough ” cogarPer, containing 99 32 per cent, copper
d -36 per cent, arsenic, the loss in a tensile strength was
Ig 6 per cent., whilst with the Bure copper, with a purity of

M)_er cent., the loss was 440 per cent. this bears out
r. Milton’s remarks in one portion of his lecture.

Mr. Mitton : May | ask, Mr. Tomlinson, in regard to
|oss of 6 per cent., what it was that you started with, whe
It was compared with copper annealed or ecroui ?

Mr. Tomtinson :The samples were, of course, in the annealed
state, | think the exact figures for the pure co;l) er were
14-4tons pers?uare inch tensile strength before and 8 10 tons per
square inch after being heated, and for the “tough ™ copper
149 and 14 0 tons per square inch respectively.

Mr. Mitton : As we shall not have the pleasure of seel_nrg
Mr. Tomlinson with us next week, I think we might ask hi
to give his opinion about the corrosion of coppér. He has
had so much experience that anything from him would be
of great value.

Mr. lromLinson : There is a great amount of m){_ste,ry about
the corrosign of copPer, and esgeually in the peculiarity which
shows itself In the formation o0f holes at local spots. "As Mr.
Milton says, there is a reason for it, but | cannot q\l/lv_e a general
explanation as to the cause of corrgsion. - Mr. ‘Milton” really
gIVes PIOU the key to the situation, “there are many causes,
and I think edch case has to be examined and investi-
?ated, and conclusions deducted on its own merits and on
he particular conditions under. which the corrosion takes
lace. In m,n%/ cases, of corrosion which have heen investi-
ated no definite explanation %an be found. In carrying

ut such jnvestjgations qne Is often at a great disadvantage,
owing to t,he fac 0 reﬁa%,qe information re?atmg to tﬁe Istory

()
=892 =8

that
ther

nd conditions of use which the copper has undergone since
fleaving the maker’s hands. PP .

Mr. Milton : Is the question of purity one explanation?

Mr. tfomtinson : | do not think so, | have seen examples
where absolutely pure copper pipes have corroded in a similar
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S}argger to this specimen, which is very unevenly and deeply

Mr. J. Grisdale ( ComBanron We are much indebted. to
Mr. Mrlton for all the trouble he "hasgone to in the preparation
of this lecture, which must have beén considerable, before he
couId have worked out the matter placed before us to-night.

ght say that | have served my time as a_coppersmith,

or the last thirty years have been supervrsrng hat class
of work ; and I think’I can claim to speak with some authority
on the matters Mr. Milton has referred to, and can speak of
what | know has hap ened during that time, My experjence
has een prmcrpaoy on copper main steam pipes on the three-
boiler system, and in that system the Ion? lengths of pipe
on.the wmg boilers have worked aII right. Tt is on the centre
boiler where there is a shortness of pipe that unequal strains
have taken place, and unequa expansion has caused many
Plpes to give wn¥ know of pipe arranlgements In a whole
leet of f|ve steamers wh|ch have Deen altered b){ making lon %
expansion bends, and when the?/ were altered there wds no
a sixpence sfpent on the 7nlpes or years afterwards.. Where
does this difficulty arise ? "ls it with the cop gersmrth or in
the, metaI or does it arrse in the drawm? office ? The copper-
smrt can ony é)as he is t% ev\? N hIS mstructlons and
as th P ? laid down for him' to work rom and yet he IS
blamed Tor faults which really occur |n the desrﬁ T ese
five steamers are not the only cases. In many ships where
failures have occurred, and Where allowance has atterwars
been made for expansion and plenty of room provided for it,
there has not been any expense attached to the plPes for years.
Mr. Milton has spoken about brazing. When | was & hoy
serving my aa{)prentrcesh the tubes were not so perfect as
they are to- We haq to make our own tubes, rmcr ally
used for feed prpes and they were a liftle superi r to th e
ordjnary Brrmm?ham tubes. drew them ourse ves and
Berhaps they were not always as stra|]gf t as th eg migh ave

een, but we have got over th ose iculties t
advancement |n tube- makrng d the splendid charac er of
t et %es SUJ)HD lied. say that duri t%that time we have
ounﬁ es and bads eets too but | think 1t Is sometimes
the fault of the smelter, and we have to plame him as well
as the coppersmith. ~ Very often we have been supplied with
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tubes that have been hard and it drd not matter how careful
one was |n th e anneal |n% the wou break. In my opinjon
it is a good thing Prpes ave o he bent, it shows the tiualrty
directly : but that difficulty seldom arises with the class of
tubes ased to-day. It is surprising the amount of work done
with copper pipés ; they are so elastic and work so easily,
and, consrderrn(i the amount of repairs done to steamers t0-
day, the repair Tist as far as copper is concerned is very small
In “comparison with other parts of the ship. | do pot quite
agree with Mr. Milton retttardrnF the flanging ; | think some-
trmes a high eoIIar is better. Tt all depends on the shape. of

ﬂrpe |t IS use for. 1f I think there is a lot of strain going
on t e ea | taper the coIIar gradually down to wherg It 15
not likely to brea eaer\X | .am sire we have all been
very muc mtereste In_ Mr. Milton’s lecture, and | shall
leave others to continue the discussion.

Mr. R. Balfour QMember) The lecturer, in connexion
with this most mteres ing_subject, made special reference to
the corrosion of copper pipes. | would like to make use of
the blackboard to |I strate and heIp 1o give you one or two
Instances of my experience with corrosion of copper circulating
water pipes.

A B represents the horizontal line of a ran% of pipes which
ave trouble from trme to time from corrosjo ong the Inside
t th e top, a scale h avrnq formed, eakrnlg off In irreqular

ts. The vertical

Batc es an eventual 3/ holding at those

and other length Ieadrntg from theﬁ mp In main engine
room, showed. no Signs of corrosion.  This Being experienced
in other two mstances | attributed the cause t0 the free air
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in the prpes As these pipes are designed large enough to
meet h temPeratures or tropical conditions of cool |ng or
sea- Water it follows that under normal conditions, sa;i 50° F
the quantity of water circulated is proportionately less and
along the uppermost horizontal range the pipes will only be
partjally frIIed thus aIIowrng the air to attack the up?
ortron of the gpe and the vibration ma¥ account for the
scae breakrn% fl In the nregular forms referred to. | may
say that the roube was In fwo cases overcome by fitting a
stand pipe at B, eadrnﬂ to the sanitary water tank, so as. to
ensure the prPes being kept full. In the case of main engine
gper circulating water |nIet and discharge pipes, sinmilar
uble with corrosron lias been experienced

eeeeeeeee faffTs Principally
Affected By CoRwcsiors

hink the %ame cause as in the foregoin mrght account
for this, as, when with ordinary temperatures of sea- water
the mnlet valve is onl ?artrall opened, and consequentl
considerable amount of free air must be in the water cou ses
from the inlet to the discharge overboard.

Mr. Geo. Adams %Member ofCouncrI) Mr. Milton this even-
ing has carrred us on very rapidly from the point at which he
F{[OJ) ? ast lecture. At the commencement, of his lecture

ealt with design of pipes, manner in which they should
be fastened, drarnrng arrangements ; he has Hrven us some
new Ideas as to proper system of annealing, which is a most
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important item, and he has?one into the question of annealing.
eferring to the frxrng of pip es Mr. Mrlton pointed out the
precaution”of proper lengths of rTﬁ)esw en expansion qlands
are fitted, and the necessrty of akin eIonsated holes, i
pipe-hangers or brackets to allow for lateral and vertical
movements, but there was one point which of course is well
known to him, but which he omitted to mention. | refer
to the practice of fitting pi ehanqers havrng a spring under-
neath or on top of the pipes so as 1o yield fréely to expansion,
and thus relieve the strain in a greaf measure.” The question
of draining Is most important; it is well known to most of
us present that when steam is carelessly put on to a range
of ipes and drains neglected, a great deal of water hammer-
takes place, and it"must he apparent that this action, Is
de rimental to the, Ee cr atrng a Irabrlrty to fracture which
|%ht result in serr us accident,
here was a reference made to electro-depositing, and |
should have made mention at the last lecture of an’Instance
where, some time algo it was found desirable to consider the
uestion of the intefnal corrosion that goes on in the covering
shell of centrrfug al pumps. The corrosion takes Iace 0N
the inside of the Cast-iron shell in vicinity of the |m er and
It this Is not attended to It soon becomes eaten th roup
requires to be renewed. In order to overcome this It is t
ractrce of some en meers fo Introduce brass plates to shreld
he inside of the shell. If the system of electro-depositing
of co er could be successfully and cheaply Introduced fof
such goses It would be a distinct advanfage, as | under
(s)%agd the arocreess IS being used for other engrneerrng problems
like natu
An Iimportant improvement in brazing by local treatrng
? heen' touched FBOH and the srxstem of brabzrn langes
welde]scrrbed and illustrateq. Aﬁ) t which may be g mter st
here owever occurs to me, t at m testing %B e ater
repair to_a flange or a new qne brazed on, %ares oul awa S
be exercrsed %o see that the Jorn%ng of the flange is krPt ce r
the line 0 trazrn astt tere ave eenﬁrnst nges 1N wh |ct
Ipes apparently sound at testing have afterwards proyed to
%epdeefegepavme whgn the jointing ha gbeen removed from vicinity
We have seen this evenrn% some verr{ interesting samples
of internally corroded pipes, showing results of the action which
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is frequently found to be going.on in the inside of main con-
denser, circulating inlet dnd discharge pipes, including con-
denser tube ferrules and at times the tubes themselVes: it
IS found also in bilge discharge Plpes In some casgs the actlon
Is found very active in the water ends of brass-fitted pumps
and attacks the bucket rods, valve seats and valves and styds
and which are beln% constantly renewed, athough metal of
different mixture is tried in order to overcome the dlffrcult¥
One very noticeable feature met with is that in two Sister vessels
trading ‘in the same waters, and under_exactly srmllar condi-
tions, “‘we f|nd In the one this corrosion takin pace very
rar():rd whilst in the other it is scarcely perceptible
onsiderable troyble has been experienced in some steamers

with water crrculatln% pipes for refrigerating plants, and which
at the time occupied the attention of experts and others

?reat deal, and varlous experiments were made to get at the
solution, and after ta n |nto consrderatron the pipe arran%e
ment, conditjons of wo the conclusion arrived at w
that it was due to air |n the |pes the presence of which
ong mstance was proved Mlt ng a small co k at the highest
point In the pipe range, a e the circu atrng pump” was
workln? under ordrnary condifi ?ns the cock was ogene an(
It was oun that ana grecra etlme some secon% rt)sed
dunnﬁ which air only was passing, and then came the water

It has been suct;ge ted ysome engineers that electric light
installation. on stéamers was responsiole for the corrosiye
action ; this idea, however, | cannot altogether agree with,
as | have found the actiop % oin on in steamers In which fth
was no electric light, and afterwards when a plant was fitte
on the vessel it made no dlfference in this respect at all.

Timpson (Membe Mr. Adams has referred
to the advrsablllty of havipg s rlng hangers, and | do not
think these are as generally’ adoptéd as they might be.

know of two shi g where in the one instance éhese sgrlng
hangers were fitted on the maln steam pipes and no tr

Avas experienced, but in the other vessel t ernlpes were made
fast to the beams, with the result that contl ous annoyance
was caused Recently an engineer with whom 1 am ac-
quainted, and who is employed’in a Iar?e factory in Lond on

had a lot of trouble in the pipe lines, buf since he has ad
spring ?tangers hqs troubf E Rave ceased.  There IS no ggu%
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the copi)ersmrths are often blamed where it is the engrneers
fault, ~ In connexion wrth the jointin Ipes over the braz-
|ng Irne which Mr. Adams mentrone hrnk that,_ difficult
% be met by providing an ord |nary service spigot joing.

h re?ard to corrosion in the pipe lines, air, no doubt, Is
a great factor. Some few years ago | had an’experience of
corrosion In a condenser, the condition of the ug er part of
which caused much aIarm We treated It with ement wash

and red lead paint, and had a stand-p (Pe arrangement so as
to keep it thoroughly frIIed up, and had little trouble with it
afterwards.

Mr. W. McLaren (Member) : In regard to the expansion
and anchoring of the pipe, | thrnk that Is a vital point, the
questron of w vere fo anchor it, | hear friends on the rrgh

and left speaking abqut rrnti hangers and sprdot joints, but
I hear ng mention of a flexible gland, a roller traveller, that
Is away from the anchorage. The use of stuffrnrlg -poxes with
an anchorage 15 adopted to some extent, but | |s liable to
leakages and'to he squeezed S0 U that itis ten usel ess With
the eXpansion joint, If it is properly anchored and the con-
ditions for the movement are in tl;ood order, it is no doubt an
admirable method ; but when seam has been up for about
thirt ﬁs or o there is no fﬂ on |t and it ‘becomes so
stop p that It Is practr ally useless. With™ regard to
| do not know to what extent circular bends have been
made(use of, %nd | think a bend like that ought to be effective
in taking up't eexpansron of the pipes, provrded It 15 anchored
well at Tthe proper end, Th at IS he difficulty, the uestron
?fwhere {0 anchor the pipes, and wh enw consr er ilton’s
rgures the boilers rrsrné) for every and t e copper
PP for eve% it will be seen that It is necessarrr
0 a wance to e made for a good. deal of expansion
think when Mr. Trm SN drew aftention to sprgot oInts he
su%geste a wa\% % eeting the case, aﬁ the last spigot could

ot in without the pipe being short. 1 would like to

? oborate Mr Balfo rsstaterr]ent with re&ard tq the actrrr])n
the air. | can speak of a similar thing occdrring In wrou

Iron B Fes for h draulrc pressure return.” We have the pressure

set full hore, ut In the working of machines where we are

workrng nreg ar¥ do not get the tull amount of water

Into thé retu herefore we find that aII these pipes begin
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pitting on the top, and this goes on until the pipe has to be
renewed, but | have never known of avertical pipe where the
corrosion occurred Mr. Adams drew attention to the corro-
sion in _centrif ug h) mf In two cases that came under
my notice we wére not able to keep the shell going for more
than six or nine months, working with artesian, well water.
We tried a phosphor bronze wheel or disc, and that js not so had,
but the pump shells still suffer. [ was much interested in
hearing Mr. Balfour’s remarks, and also must thank Mr. Mrlton
for his very valuable lecture.

Chairman @ The subject is so mterestrnlg and covers S0
much ound that it IS pro posed to adjourn the discussion
until on ay next. The meeting will take place at the
rooms of the Institute in Stratford,"as we have not engaged
this building for next Monda% | hope 1t will be convenrent
for a great mang of the members to be resent, and | am sure
those Who are able to attend will hear something which will be
both valuable and interesting.

Fell Redman (Member of Councr(hg) ﬁos ed a vote
of thanks to Mr. Milton, whrch was seconde r.J. Thom.

A vote of thanks was also accorded to the Chairman on
the proposal of Mr. Geo. Adams, seconded by Mr. W. McLaren.

ADJOURNED DISCUSSION.

Monday, February 17, 1908.
Chairman : Me. ALEXANDER BOYLE (Vice-President).

Chairman 'Asg/ou are aware, the discussjon on Mr. Milton’s
lectures on “ Thé Treatment, of Copper for Steam Pipes ”
was adjourned until this evenm% and | am pleased t(f see 0
many present, At the Londo Instrtutron Mr. Milton, In
his able and Interesting lectures, travelled over a great deal
of ground. ~Starting with the treatment of the copper from
its Tough state in the ore, he described the effect which the
Rresence of an extremelg small ercentage of foreign matter
ad on the qualit opper, gave an account of the
rolling of the' copper ingot mto she ts and drawing it into
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pipes. The Admlralty tests were touched upon, and he also
explained a good mang other points with regard to the con-
struction of “pipes, and also |n connexion with the Elmore
electrically deposned process for the formation of tubes
Several gther matters WhICh We as en |neers are very much
Interested_ in were ably dealt with by M Milton : the uestion
of annealing,. the causes of fallures in pipes, and the causes
of the corroswn which takes place, not only in copper steam
olpes but cop er pipes when used for conveying salt water.

here are severa %entlemen present who, no doubt, will be
able to say somet |ng either’ from their own experience or
about what they may have heard or read regarding copper
pipes, and | am suré Mr. Milton would be very pleased to
deal with any points which are not clear, or to give any further
information ‘which any one may desire. | frust, t erefore
no one WI|| hesltate If tth/ have an¥th|n to say on the sub-
ect. It any gentleman did not see the specimens which were
anded roun at the London Institution, showing the effects
of corrosion on copper pipes, there are a good many examples
here that might be of interest.

Mr. M cNaugut (Visitor) : It may be qut of place for me
to ask questions, not being a member of the Institute and
not a marine engineer, but there is. one point I should like
Mr. Milton to give an explanation of in connexion with copper-
smiths’, or rather copper-founders’, work. 'When the copper
I5 obtained from the ore it is cast info_hillets or ingots—I
do not know the fechnlcal term—and in drawing tubes or
other articles I would like to know how they do It to"be certain
of getting a sound casting. | have only” had experience of
ounders results, and when Mr. Milton was giving his lecture
could, not understand, seeln that the tubes are drawn so
man Pmes how they can tel what IS |n3|1qe the castlnr%
know from my ex enenc t e casting is often one¥co bed
all ttbe wa¥ t roug wh en rawn out |t is stifl hopey-
com hat may be an_explanation of E r. Milton
referred to In conneX|on wit con enser tubes eing faulty,
or which he was unable to give a reason.

Mr. W. E. Farenden (Assoc.) : | should like to ask Mr.
Milton a question as to the temperature in annealing, as. | am
not quite clear as to what the temperature should really be.

i §
at t
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| think he referred to a dull red heat, and then a blood red
heat and also a bright red heat and | do not quite know
which he considered”would be the best temperature. Then
again, he stated in his first lecture that copper, in annealing,
couId be erther quenched by water or allowed to cool down
%ra ual ¥ | "would Irke to know which he considers the
etter o these two methods.

Mr. McNaught @ With regard to brazr pM)e flanges on
to copper pipes | would also”like to ask Mr. Milton | there
Is not a way. of effecting the result by puttrng strong langes
on to the pipes without b razrn% have s€en it &jther on
the “ Belle™ hoats or on the “Palace ” steamers, where the
flanges are not brazed, and where steel flanges are used.

Mr. Mitton : The flange Mr McNauR/tltt sBeaks of is caIIed
Pope’s flange. 1t was introduced ope, one of the
R}artners of Messrs Denny & Co,, of Dumbarton, ~ Th e are
ade of wrou ht iron, very thrck with_ a round | IF
|nner cirgum erence Wh en dealing with a seamless |pe
the pré)e Is softened at the ends an fIan%ed out, making, a
I|tte ar on the outsige all roun he flanges must b
t on the pipe before this small collar is made, or they coud
not fterwards be put on. Then the two coIIars are nrce
face —then drawn up metal to metal between the two ea Iy
flanges, the lips of which sink somewhat into the cop

These fIanges have been used largely in some of the s s
3/ Messrs. Denng In the case$ of brazed pipes, where
the br zed seam presénts an irreqularity of thickness of the
copper, Mr. Pope preferred to make separate collars of the
same shape and braze them on to the brazed prﬁe s0 that
there 1s_really a brazed joint round the p R There was a
slrght difference between the PNPG faane and a similar_kind
flange made by the Central Marine any abogt fifteen
%ears ago for use with Elmore seamless pipes,”the aif erence
eing that the fanegg had no Irp and the whoe width gf the
col as was squeezed into contact. t was, however, found
that t e E m re eprpes drd not staln we|l for marine work
then this method of flanging was
aIso grven up and the frrm went back to brazed tubeS and
flanges. ~ Mr. Farenden has asked what Is the proper annealrnﬁ
tem erature Let me say again, as | read out of the Frenc
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book at my last lecture, that the purer the copper, and also
the higher“the emPerature at_which annealing_takes pl ri)ace
the quicker 1s the total annealing Performed You will see
in the dragram on page 37, at thé low temperature of 392°
which is only the’temperature of hriqh pressure steam, it
takes thrrtg mrnutes to Iower the tensile strength and even
after four ourst e annearng i5.not complete.~ At a higher
temperature, dull red, the an ealrng IS urcker and at a very
high temperature, bright red, the annealrng IS perfect almost
at once.  But when Qne speaks about annealmq It must he
remembered that one has to consider the material from which
the start is made, that 1S to say, if one starts with copper not
very hard it 1s not such an |m'nortant matter to anneal it,
nor does the operation take so.fong. Copper when perfectly
annealed s in its softest condition. When very hard. it takes
time to, chan?e the crystalline structure. When dealing with
large pipes, It yoy wish to anneal them, that is to say raise
them up to a Uniform temperature throughout at one opera-
tron you have to take mt consideration the necessary time
for heatrng up; first o all it 15 raised to a low temperature
then to bright'red, until Xthetrmert |sn|ceg heated throu h
out most of it has already been heated for a consrdera
time, and, | daresay, properly annealed. With regard to
the question of which is better, ‘quenching or coolrn% out, Mr,
Tomlinson, who favoured us with some ‘remarks at the last
lecture and who is one of the most skilled copper-makers in
the country, maintains that there Is absolutely no difference
whether the %opnper IS cooled slowly or quenched out. This
be 0 w the_heating een prolonged, but there
must be a difference if the heatrng has been hurried, because
If 1t 15 cooled down sIowa it is really hot a ljttle IonPer than
If 1t 1S quenched, an the annealrrg IS therefore ﬁro onged a
little more. . Mr. Allan, mana%er 0 essrs Hawthorn, Ceslie
& Co.’ s engine works, where they do their own coppersmiths’
work as been makrn aserreso experrmentsont eanneahn?
cm]er and he infends to puh]rs the_results in a pape
w ich he is to |ve at the North-East Coast Institution” of
Engineers and Shipbuilders. He communicated the results
) me and he ha?] found that if there IS any difference It IS
In favour of quenc m&; out. He took tests in‘pairs, and where
there was the [east doubt as to the results he submitted an
extra pair to the same conditions, and came to the conclusion
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that the quenchrng was a little the better but that there was
not much in it. "He was %urte surprised, howgver, to find
how serious were the effects of “ gassing.” ' He did not realize
that 1t caused so much harm as he found to be the case. He
gassed some specrmens for quarter of an hour—of course that
is too long a period, as COP er would hardly be gassed to that
extent, but to show the effects of ﬁassrng perhaps it Is useful
to go to the extreme. He took all the Strips from the same
sheet, and these strips were then annealed, some of them, and
others gassed. Speakjng from memory, ‘the hard copper—
which was not very hard, but as usually bought from the
copper-malcers—stood about forty bends Dackwards and for-
wards through a definite angle and’over a definite radius, so that
every strip could be submitted to the same conditions.  When
Broperly annealed and quenched jt stood seventy bends
ut when gassed for quarter of an hour one stood seven and
the other eight.  The difference is enormous. Now, the gassrng
IS the taking away of the qualrty ofthe copper from the extrem
ou side sur ace guarter of dn h rgassrng seemed to %o

gnt through, and | do not th|n the e IS doupt t
tlrassrng evenforamrnute or two, will go In somelrttle distance.
t therefore causes the metal at the outer surface to be less
ductile than it qught to be, and we all know that where there
is work put on batkwards ang forwards It is the initial crack
that counts and If 1t is gassed at all, if the surface is cracked
It 1s only a question of trme before the crack will run right
hrough the copper.  You have seen some of these test pieces
doublg hends with one srde Igasse and the other sound,_and
you will have noticed the [ittle cracks | am speaking of, . They
are an |mportant element, and it would be a good thing for

gfrneers who h ave to get copper pipes elsewhere, perhaps

orergn ports, to keep “an eye op the coRper to see'if it IS
asse and If there IS any crackr of the surface do not
ass_I{—Detter del a¥ our at is meant by *gass-
Ing " ? It Is the effect of heatrn the copper to a red heat
In"a reducing flame. You gentlemen who go to sea in ships
and have charge of boilers know something about combustlon
and you know, when burning carbon, If you have a good supr
of arr ¥ou burn the whole of the carbon to C02 but if there
IS a de |C|ent su ypart of t e carbon |fs burnt to. CO, which
Is greedy of oxygen: It 1s the CO In the flame, the |mperfectly
butnt carbon, Which gives the reducing flame.  Now' | fancy
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—I am not a coppersmith and probably Mr. Brown knows
more of this matter than | do—but | fancy that at the most
crrtrca time |n %ettrng the brazing metal * just right,” not
overburnt, w en esmrth turns off the blast, that is the time
when the ‘harm is likely to be done, when there is not a full
blast throur{rh the fire.” Another point is the annealing tem-
perature should like to see annealing done with the whole
the copper at nearly as hrgh a temperature as IS necessary
for brazrn but not with an od pipe, because you must nat
run the rrsk of d amaqrn% brazing In any h, That Is
one reason why |t would e wise to say that a rather dull red
IS best for an” old P But with regard to new p |Pes If
seamless, It is best anneal them before brazing the anges
on. Mr. McNaught asks how sound castings are made. | do
not know how sound castings of copper ar€ made, but 1 know
that at the Broughton Copper Co.’s works the ingots are
cast and while fluid are pu under hydraulic pressure and
that closes UP every blowhole. ~But | believe there Is a diffi-
culty in cas ngrcopper sound, as there IS in_casting, some
ot er metas his Is due to the occlusion of gases in the
crurd metal, the gas being given off just as It is Settling into
solid form.  One gentleman mentioned at the last Iecture
iibout calrco printers roIIte [n shrinking on the COP er
Inings to the iron rollers for calico printin theP/ somet
run acro? ﬁlrttle blowhole which is fatal to”the fining. Th |s
IS one of the points In which deposited copper has a great
advanta% over the other method The electrically deposited
g as the a 50 uteY coherent_and uniform surface
nec ssar for articl eso that kind Wrth regard to_brass cast-
|n s, thére is no difficul t%/ in ma ing a coptper zinc, oastrng
erfectly sound. Condenser tubes are of er-zinc an
are made from perfectly sound castings. ave had the
experience of examining many hundreds of copper zinc aIons
under the microscope, and it is the rarest thing to find a blow-
hole in them, but with gun metal- copﬁer t|n alloys it is the
rarest thing, when exantined under the microscope, to find
them sound. As | mentron?d in the frrst Iecture molten
copoer oxidizes and then dissolves ﬁhg 0Xig eo copper formed,
Just as the rwJPer IS about to solidify Igqrves uP some of
Its 0X g copPer -tin aIons somethr srmr ar occurs,
and the minute defects in these” alloys, are verg minyte
particles of copper oxide thrown out ‘of solution. But with
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copper-zinc_alloys, the zinc vaparizes at the high temperature
and the oxide of zinc which 1$ formed remaing in the air and
I not dissolved into the metal at all. So that the castings
for making brass condenser tubes are practically sound cast-
mt_}s, except for the slight defects which really are surface
detects. To get rid of these surface defects it should be ﬁeneral
to do what the Admiralty do, that is, to specify that the cast
brass tubes should be turned outside and bored inside before
being drawn. _The ordinary condenser tubes are not made
In that way. —There was a goint that Mr. Tomlinson remarked
upon—and if | mention this now It is only to produce some
further discussion. Mr. Tomlinson spoke dbout the corrosion
of copper pipes.. He could not account for it altogether, but
suggested that it mjght be due to very slight differences of
surface conditions of‘the copper. Well; to Some extent that
may be rlﬁht, but the question'is, | freely admit, an exceedingly
difficult one. The fact that corrosion takes place is very serious,
and it is the more qifficult to get at the reasons for it as the
action itself is really extremély slow. An enlglneer thinks
It 1S a Serious matter if the copper in a pipe corrodes away in
six months. S 1t is, because we expect It not to coyrode at
all, but when i1t 15 remembered that this action only hores
throu%? sa_¥ _one-elﬂhth of an jnch in_six months, it ‘wil| he
seen that It is reafly a very slow action, and although it is
undoubtedly due to ch?mlcal or electrical causes, it “cannot
be expected that the effects of that action can be seen in an
hour or two’s testln? in a laboratory. ~ The difficulty is not
so much to account for the corrosion as for the erratiC natyre
of the _corrosion. ~Another trouble is, what Is the corrosive
agent 2 Mr. Balfour and another gentleman spoke about
some hgdraullc Ipes. They said € ?t the delivery pipes
Into_hydraulic machines weré practically free from corrasion,
while the exhaust pipes, where there wigs not so much pressure,
were corroded very badly. Mr. Baltour gave an account,
which Mr. Adams Confirmed, of a long run of copper pipes
surtTJ]]thed to s?a water, and he explainéd that the pipes were
sometimes full and sometimes partly full.  Both of these
entlemen hit upon a very possible tause of the corrosion,
ut peither of them haye exglamed_wh thT corrosion is
erratic, or sporaaic, as | think our Chairmdn called it. Many
of you gentlemen must have seen corroded propeller blades.
In general they corrode very badly near the tips, always on
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the back of the blade and mostly on the leading edge—the
other side does not corrode. All sorts of scheme$ have been
arranged to try to overcome this. One scheme was to polish
the hack of the blade and sweat tin on it. ~ Another wa;i Was
to pin on_ brass sheets. thrnk probably this difficulty s
not ex erienced so much nowa as as ‘manganese bronze
Brope rs are very much used, which T suppose do not corrode,
ut why do those blades corrode on the back and not on_the
face ? ‘It was the same iron. Every engineer is familiar
with Weir's pumps. The patentee ‘of those pumps, Mr.
Weir, made a lot of experiments on the corrosion of jron by
water. In one of these you could see a piece of bright. iron,
which under certain coriditions began to blacken within an
hour, and under other conditions If could be kept bright for
many hours, The bIackenln% was due to heating the” water
In which the iron was plated. He undoubtedI%/ showed
that ordinary water—either pure water or sea-water—when
exposed to ‘the atmos here " dissolves up in 1t a quantity
of  atmospheric air, the pressure is relieved from the
water contarnrn9 air a lot of air bubbles will arise from it.
Under a great pressure much air is dissolved up into the water,
and_ If the pressure is then taken away rapidly some of the
alr is released, and the more the pressure 1s reduced the less
air will remain in solution, and 'of course the warmer the
water_the less ajr it will retain in solution. In Mr, Weir’s
experiments, as he warmed the water, the oxygen of the air
Just comrn% out of solution in the water attacked the bright
Iron, At the back of the propeller blade there Is a reduction
In.the hydraulic pressure, the air comes out of the water in
minute globules and this comes up against the backs of the
ropeller blades and so tends to rust them. In the pipes
r. Balfour spoke of, at the bottom of the pipes, where here
was ﬁreat ressure the alr was kept in solution in the water,
In t e vertica Ha]e the pressure was reﬂuced but by the
time the water ca e to the top some of the ajr came out of
solution, and so the water became over-charged with air, and
this 15 the condition |n whrch Its oxygen.has the most rapid
effect upon metals. I four said” this was overcome by
Httm babhlead on the \t/vater S0 as to keep tth]e pipes full, tIn
all probabili ut morge pressure on. the pipe and thi
? J%ure pre\)ented ﬁre ar f roPn drsengagm |1peﬁ) But a%
his does not account for the local $pots”of corrosion. |
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think Mr, Tomlinson’s suggestion may be near the mark, and
that | will go into furthér’ when | give the lecture on ™ The
Decay of Metals ” some time during the summer.l | men-
tioned in my lecture that the purer”the copper the greater
In a_marked degree, 15 its conductivity of electricity. |
mentioned, from~a table | had, that ordinary commércial
copper with a reasonable amount of impurity—about 99 per
cent, of COZDZDertO 1of|mPur|t|es—had the conductivity brought
down to 22 per cent, of that of the very pure copper. Well
now, when copper is in a molten condition, when It contains
Impurities while in the liquid state, | believe the impurities
are mixed up, th,rou?h the liquid absolutely uniformly, as
we know salt'is dissolved in water. If you take any quantity
of sea-water, If you take the minutest particle ofit, a very
clever chemist will find that there is ‘absolutely the same
prercentage, of salt in that tiny drop of water as in"a ton of it.
he diffusion of substances in“solution appears to be absolutely
uniform down to anything that can be seen by the microscope.
But of course we capnot determine with certainty what qoes
on when we come down_to what the mind can think of In
the way of molecules. Our late friend Mr. Macfarlane Gray
0100 of el S0 AL (e drop woblt appear 10 bé a4 Bi
W that WOU |

as thg earth, the individual mglecules ofm%he water WOU|8
be represented. by particles about, the size of cricket balls.
|f the proportion” of thT sojution is one part in a thousand
there must be large collections of water” molecules without
a particle of the dissolved material in them. But in the
main, for an}/thmg that the human mind can grasp, there
IS aunlformlyof, omposition in Jiquids, and. this myst be the
case with the tiquid copper, but when solidifying the first piece
that freezes oyt is not quite of the same composition as the
remainder, it 1S more nearly pure copper, so that the part
_remammg Is less pure.  Thé freezing out goes gn until there
NE stag reached In which we have crystals of pure copper
surrounded by molten impure copper, which solidifies arter-
wards and thus pieces of impure copper when laid under the
mlcroscoge and smtablf( acted upon by acids are seen not
to be homogeneous. That may be one reason why these
little local differences occur, the differences Iin the Starting

1 Arranged to be given at the Franco-British Exhibition on
Saturday,”September 5.
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points of corrosion.  The purer the copper the more easily is
electricity carried by it, so that if there is a surface of copPer
exposed. to electrical action, the current goes_through at a
?r ater intensity on the pure spots than on“the impuré, there-
ore it is to be expected that there will be greater corrosion
on those pure s?ots. Mr. Tomlinson seemed to ImtE| that
It may be due to particles scaling off, but even absolutely
pure copper would have spots where the corrosion would
start first, and If there are parts which show quite a clean
spot, 1t Is through the clean surface you would expect more
of the current t0 pass, That may De one reason why this
action should be erratic.

Mr. Aitken Brown (ComRamon): Mr. Milton has given
us two splendid lectures at the London Institution, and not
only has he been most willing to come down to the Institute
here to answer any questions, but he has even volunteered
one more elahoraté lecture to-nlght,_and | am quite sure we
are all pleased that Mr. Milton has given us such a great deal
of information. ~ With regard to the position of coppersmiths,
| am afraid they have to Suffer very often for the sins of omjs-
sion and the sing of commission Of others. | remember the
case of a new Shl? In the early days of high pressure steam.
It was bujlt by a Tairly eminent firm of shlﬁbunders and engi-
neers, and thé main steam pipes were 13 inches to a specified
gauge.  The %uge was all ”rgnht’ but the ert' on fIan%es f-
inch’ thick. “Would you blame the coppersmiths for that ?
The result was that after makln?| one trip the flanges were
all torn to pieces. Theg put on anges double the thickness
and increased the number of bolts by half as many again,
with the result that the flanges never ‘got out of order after-
wards,. But_still the copgersmlth IS qt)lamed for things of
that kind. The ﬁreatest Ifficulty as far as Pope’s fl n?es
are concerned is that they are not ‘strong enough. = The collar
IS not strong enough tor the work it has to do, and consequently
It cracks dcross “almost invariably. | would always have
these Pope_f flanges if the collars wére stron? eno,u%h. | dare-
say Mr. Milton Knows some_thlng of a constructio on?_ some-
times sees, where a copper n{qlpe IS fixed between two cylinders,
and probably the coppersmith will be blamed for work of this
kind. A pige, say {-inch thick; is fixed between two cylinders
and made a stay of, with the certain prospect of failure.
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The poor. coppersmith is_blamed for that, and many other
thrngs which could be_avoided if only the matters were thought
out in the drawing office and other places. . I know of a case
In point where there were three facsrmrle pipes, one of which
burst, resulting in the death of several men, The other two
% es'were handed overto the Board of Trade and the Home

fice and experimented upon, _ They were burst in our works
and the first of the two burst in exacwt e.same place and
at a pressure of, I think el if that one burst
at 1550 Ib, the other musthave burst at 1,550 |b. as the pipe
grave way In exactly the same place and in the same way.

enextdePe went at 1590 bu instead of gorng in the same
place 1t dig not burst, the razrn? was Qpene up These
were experimented on angd tried before offrcrals of the Home
Office and the Board of Trade, | have not the statistics |n
connexron wrth the tests; | tried to get them, but was told
Y were t e property 0 f the Govérnment—probably Mr,
ilton mr ht have morg information than I have; no doubt

r Boyle has some slight recollection of |t and robab|
Adamson knows of the same case.  Mr. Milton referréd to
expansion joints, and | have no doubt our firm has had quite
as much experience of these as any coppersmiths in London—
the result of that experience seems to indicate that ex ansron
glands are not o much use Certarngthe y do a |tte %o

| coula take you to where there are a’number frtte for
the London County Council to a long range of Rrpes with very
bad results. Wrt a Proper expansion bend these drffrcultres
would not ha do not quite agree wit Milton
In the bIackboard sketch which e gave at the ast ‘meeting
night, but I h ave no doubt we can agree to differ. | remember
a paper read g/ him at th eInstrtutron of Naval Architects,
and he then uséd drawrngs of some splendid expansron bends
| know of a ship w gre th er% had marn steam pipes which

Lon on sorheth

used to cost In % like £30 every vog 9
and in the colonies a out £55. e chief eng meer ed

an expansion gland; this led to a controversy, as we agdvocated
an expansion end It was then decrded have the bend.
We made a corkscrew hend, like a spiral starr but the chief
engrneer was not convinced that this was better than the
?I and; however, two years after he volunteered the admission
hat he was glad to ovin the bend had cured the trouble.  That
same pipe never cost a single penny for eight and a half years,
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as adgentleman present can confirm. Another thing wrth
regard to coppersmiths is the way pipes are fitted. ~Large
pr pes are connected as close to the boiler as possible—I am
speaking of the three-boiler system—a large pipe is taken
awaK to' the throttle valve instéad of putting a drvrdrng lece
on t ethrottIevaIve chest whence smaller pipes are so [ed that
if any accident h api)ens they s ut off there Instead of having
all thie work on the arge p |§ T esma ler the pipe the more
expansrons it will stand nd | have good expansion
bends It I better than having a brgger pipe. " | have one or
two drawings that might be ‘of intérest and |f a good black
board demonstrater were here we would have shown some
expansion bends. That is what in my opinion we ought to
?o Into more_ than we do to-day. With regard to corrosion
might mention a word or two i connexion with the corrosjon
of winch exhaust pipes. In the case of iron pipes, corrosion
?oes on on the outside, and about every four years at the
east they have to be renewed. This Is one of thé cases where
| would“advocate copper pipes being used instead of iron.
Not only because of the corrosion, but there is not the same
expansion In the ron winch exhaust pipes as with copper
and they do not stand so well. You see them drawn out
at the sockets and flanges, If copper were used the pipes
would Iast the life of the shr while iron pipes require renewal
ever ears. e sal water ets on the outsrde and
corr es th iron, and | think 1t shipbuilders an sup errn
tendents looked at it carefuIIy an went into the rrce with
regard to renewals, they would certainly have copper pipes
In“preference.

Mr. J. Thom (Member) : We have heard the point of view
of the c%p persmith, | am an e(ngrneer and of course the
engineer has his own way % at things. Mr. Browp
mentroned a case of fIan esf |nch th| k being put ona 13-inch
EI T e man who proposed that evidently had a good

owe ge of coppersmit s and he knew that copper was
? fy weroh It was a commercial c?]uestron when h
itted f-inch flan es geakrn of th ex sion OfE es, the
case was mentioried o pipe erng |tte etween inders,
where it was stayed up and therd was not sufficient room
to allow it to * Humour ” itselt. An engrneer would know
that. A coppersmith would know | and might have
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recommended that it be altered. As regards_anchoring
of pipes and these giving way for want 0f sufficient ex-
pansion, fault was found with expansion joints, but in my
opinjon, the average expansron joint 1s all rrght if the anchora?
1s all rrdht but wh en pip es arenhut In anyhow most [ikely
they will grve troub e ometr es the expansion joint s
put’in so that the pipe will notgo any fyrther |n and although
it is the right length when cold, when heated up it lengthens
and conse uentl¥ |t qoes all ways, Success depends updn the
way In which the Various detarls are put together. The
fitter is often to bIame possibl as never een to sea,
he has never seen a eex and, an % no idea of how
much a length of 30t 40 ft. ill exp and The most important
thrntI; IS i the anchoring, .and when done pro erI there
must_be a certain amount of motion possible at the free end,
and if It 1s not fixed properly at the end where it should be
fixed_there |s no use p uttrng on an expansron joint at all,
r. Brown also mentioned about a pipe that gave way at
1,590 |b. | think that pipe must have been a very good
one when it could stand that pressure, byt what apout the
temRerature This test was no test with regard to the
strength of the pipe when hot. 1t is put under pressure and
the résult is noted, but how do the condrtrons correspond with
the arraan;ements on_board F What are these to the
Pressure of_steam ? that Is avta point _in connexion with
he test. The reason of the burstrng In this case was possrbly
on account of the wa |ewaﬁ)t|ntesrrnan the
conclusion to be draw |s th t'pipes should be put I pro er}/
The workman may forget aboyt the temperature—he- tes
it in the shop, puts it on board the shrlp nd thrnks It | aII
right. - With regard to eposrte copper, Mr, Milton tol
that the whole Secret of the_copper business lies in the purrty
of the cogrp The deposrtrng IS done byeIectroIYtrc action’;
the ¢0 ut into a bath” and a pipe is created for ang
size Job you like and of the very best material. With regar
to eorrosron in m oinrnron a'goo dea of it js due to electrical
action. | do not think there is a ship where electricity is
use |n ‘which ever){thrng IS perfect on board.  There is always
something wrong, leakage of current takes place in one part
to-day and cures |tseIf to-morrow because the weather chanFes
and o on.  Supposing you are supplying current to a certain
part and one of thesé defects occurs; the current goes home
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again by the easiest road to the dynamo, very often choosing
the copper pipes as the means 0f conduction. The Ipurer
they are the easier they are aftacked, the less pure they are the
less ljable to be atfacked, and, as far as copper goes, the more
suitable they are for the work on board ship. ~The electrical
action goes “on, and goes on periodically, varying a_ccordm%
to the weather conditions. I think that Is one”thing tha
causes the erratic corrosion. | do not think there are any
ships that have proper testing sets or sufficiently good instry-
ments to trY if everything 1s in_good condition, There is
a very simple way, however, of finding out the lead of the
copper pipes_and the probable cause™of those little spots
and holes. The Parts near lamps in exposed conditions
are particularly affected, and jt will be found that near the
lam _eIectroIK ic_action is_going on between the lamp and
the wires, That is the beginning of the trouble. At another
place water gets in and makesa connexion, and as soon as
It dloes that the current takes the nearest road it can get.
| do not think there is any question but that a qreat eal
of the decomposition is simply due to the electrical arrange-
ments on board Shlﬁ. | know an instance in one of His
Majesty’s ships which, until seven years old, had no elegtric
light, “Then the light was put (?n board, and two years after-
wards the condenser tubes had to be taken out“and others
put in. Those tubes gave out in two and half ¥ears, and
another set In three years. In the case of another ship, an
ordinary commercial trader, there were no electrical arrange-
ments on board until jt was four or five years old; eighteen
months afterwards quite a number of the pipes were “taken
out In an extraordinary state of corrosion, so. much so that
some were quite flattened out. All those Plp_es that gave
trouble were near circuits that gave trouble In connexjon
with the electric |I%ht that IS to Say they lay in the easiest
path for the current to get back to’ the dynamo.

Mr. G. W. Newall ,&I\/_Iember): | should like to ask the
lecturer whether the gl ting he" describes 1S as common to
pipes carrying steam and hot water as in Plpes where there
IS"a very low temperature. The cause .Of COrrosjon sgems
to De an unknown quantity, and | was just thinking of the
trouble that was caused I the Atlantic’ cable throligh the

boring effects of the Toredo beetle. This insect seemed to
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like the copper and bored through it, with the result that the
cable of copper wire, say one-eighth ‘of an inch diameter, was
destroyed. " May not somethrn? simiar be taking place in
the pipes where there is no heal ? Of course living creatures
could not stand the steam.

r. Mitton . With regard to Mr. Newall’s remarks about
the Toredo beetle, I do not know exactly what it is, but | have
heard of an insect with a similar name, the Teredo Naycdis
whrch however, dogs not eat the copper. | had a friend
who Was an exPert in_sub marrne cable work and | understand
from him tha Teredo Is very fond of the insulation,
qutta-percha es ecraIIy It makes a hoIe through the gutta
percha and the sea water gets through and does the “rest.
As a matter of fact, in general cold water pipes corrode very
much more than the steam pipes, but occasionally the reverse
happens. | have just had a case submitted to me where a
water gau? pipe on the boiler—I do not know whether it
was the steam or the water end—was corroded very badly
In a few months, and that corrosion was exceedrngl%unl que.
The surface was corroded more on the side nearer the hoiler
than_ the other, The msrde of the prpe was covered with a
coatmg of Dblack qxide— cuamc oxide—and immediately
underneath it a coatmg of re oxide. It is therefore a case
of oxidation pure and Simple, but in most cases of corrosion
the substance formed is washed away and you cannot get
at what is really the cause.

Mr, Aitken Brown : Would that boiler be in_the habit
of priming ? | know of two similar cases where it was due
to that cause.

Mr. Mirton : This case is not a coRgersmrths fauIt Mr.
Brown. | must say that Mr. Brown been very fair In
grvrng us his remarks.  If Mr. Brown were actuated by motjves

do not“thrnk he would advocate what hehas done
If it Is true that “the decay of the artrcle |s the strength of
the trade.” He IS advocatrng Prpes which will grve no expense
when once made. | think hat Mr. Brown as said has
emphasized what I said in my lecture, that pipes ought to
be desrﬂned inthe rawrn% office, and it 'should there be deter-
mined Row much shorter they are to be when cold than when
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hot, and how they should be fastened in the ship. It should
be a matter of more than merely drawm% lines and leaving
the foreman or anybody to suggest how the hangers are t0
be put on, and how much clearance there should "he for the
expansion of the pipe. | have heard, and no doubt M
Boyle .has heard also, of an Important case where a man
was krlled by a pipe drawing out. The pipe was too short,
and the pac mg was_squeezed out into the bottom of the
bottom stuffing-box.  This was a point which was not properly
considered in ‘the drawing office, With regard to the cork-
screw pipes, no doubt this is a flexible forny, but there is one
serious disadvantage. UnIess it 15 nearly vertical It forms
awater trap, and of all things there must e no traps In steam
This mornmtqn mfy attentron Was called to. a Board
of Trade report on the allure of a long range of iron prpﬂes
due to water hammer. The final recommendation of
Samson was to the effect that drains connected to pipes ough
not to be opened when the stop valves were open. In t |s
particular case they opened the drain while the steam stop
valve was full open, and the w'ater hammer action started
breaking the flanges to pieces. He made a recommendation
that when you open drains and start the water you must
be sure there Is not much steam in the pipe, and when you
do start it don’t let it get on straight awa | do not know
that the fact of the two prpes mentrone b Mr Brown stand-
Ing the high pressure prove that the other pipe was very
strong., I maXNe that one wa defectrve and the others
not defective. "We do not know the conditions, but certainly
the effect ma ave been due to water hammer, defective
workmansh |g or faulty desrgn The test was nof made under
the same c nditions ‘of heat or expansion, and you cannot
draw conclusions from what another pipe will stand under
T¥]draulrc pressure, It may be that the copper was at fauIt
ere are some Impurities w ich make copper unre |a
when hot and not ‘when cold; bismuth one
temperature of steam the copper will ‘stand only about 2
tonsrp r square inch whereasr will stand 14 tons when cold,
hot it 15 absofutely_brittle. “Mr. Adamson has brought
wn this specimen of "Pope’s fIange That i a specimen
a apB ed pipe made by Messrs. DEnny after the scare pro-
duced Z the Elbe, explosions fifteen or twenty years
ago. That was a serious explosion of a brazed pipe, and it
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was stated that it was burnt during brazing. MY impression
now Is that it was gassed and not”burnt. “But to overcome
the possibility of ruptures in hrazed pipes, Messrs. Denny
introduced that system of lapping it round with iron hars
Put on red hot and twisted.” "Some engineers at that time

(Pe the p |pes uR with steel wire ropes. | think you will
fln you' look t rough statrstrcs of pipe failures, “that at
least 95 per cent of therbr pes have fal edin a way that neither
that sty Ie of lap or the steel wire ropes would have
prevented Nearya fall througherackrng around the b razrnd
of the flange, throtgh defective design in ot havrng sufficien
room for expansron allowed. As MF. Brown has sgid, having
a separate pipe from each bor er I, an easP/ way of obtaining
more erxrbrIrt but the multiplicity of f ange joints means
amu trp icity of leakages. 1n a warship there'is a large range
of hoilers and a |arge number of auxiliaries, and the question
of tightness or otherwise of the steam prpes IS a serious matter.
In some ships it Is a guestion whether the evaporators can

P HJ the sup Pl y of fresh water even with™ double the
ord nary evaporative power simply because of leakages from
the mdltrghort%(o sma Ipes. In other ships with ver

e

care ul esrgt stee pi es Wrt as few. expanshon bJO”ds
ossr le good provision for. expansion at the ben
the e 15 no drtjfrcult n}hatever With pa bad design the best

workmanship 1s of no use, with a good design” and good
workmanshrB everything ?s right. J J g

Mr. J, Grisdate (Companion): Mr. Milton described two
kinds of bends as shown In Figs, 5and 6. My experience is
that it Is better not to have sharp bends even of the escrrPtron

|ven In Olg for this reason that a greater part of the
wor wou come at_the bends and_ the pipe would give at
the inside corners. The best way, in my opinion, would he
to take the bend graduall h round and make a re% Iﬁr circle
of it, and by that meanst e whole of the pipe has the work
on it Instead of the two bends only.

Mr. Mitton : Suppose you have not got the head room.

Mr. Grisdatle : Of course it depends upon Whether there
is room for it, but the more circular you get a pipe the more
expansion you get, because the radius i3 easy all the way
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round and the work is equally distribufed. | maintain
with Mr. Milton that the desron IS @ very important matter,
and care should be taken with reference to drainage at a
bend where there Is an% appearance of a well. For my part,
| think people should e compelled to put escape valves on
everK pi e s a drain, or to prevent steam hammer going on,
We had pipes bulged right out all the way round” just
next to the flange with water hammer, ~ It is surprising what
the copper plﬁe will stand before it will burst. These ‘are all
points that the engineer has to deal with in regard to the
work, and sometimes the engineer, If he has an” interest in
the work erI follow all these ornts and will be able to get
better resu Its from the PI pes. With regard to the use of ifon
flanges, there are some Irms which put on Iron fIan%es instead
of copper, but while I do not say anything about the cheap-
nﬁss | dko know there is nothing like" the same durability n
e wor

Mr. N. K. MacL ean (Member) : | have not had the pleasure
of hearing Mr. Milton’s papers ‘read, but in reference to the
question of the corrosion 0f copper pipes.an instance came
under my notice three years ago of a main clrculatlng pipe
with the’inlet and gutlet always under water from contenser
to outlet valve. The pipe was corroded so much that large
rt)atches of 1t were more like ?]reves than anythrng else.  On
aking the pipe apart the rrg t angle bend was So far gone
that it had to be taken off and a cast iron bend was made

and put in to save the other lengths. They were washed
|nternaIIy with caustic soda and coated with ‘asphaltum, and
from that time_till the present there does not seem to be
the slightest  difference in the pipes, the corrosion havin
ceased. A piece of the bend was cut out and sent to a chemis
to be analt{sed The report was that the COrrosion was caused

a gas that attacked the copé)er where it was not omo-
R/Ineous and when the temperature was above 108°. Mr,

Ilton also spoke of the corrosion gorn'a on on the backs of
steel or cast -iron propeller blades any attempts have
been made and various devrces ag plied to stop thls but |
have never heard that any of these devrces havg qreat
success. | noticed the other day In ronze ades a slight
corroion on the face of the blades, while th backs we]re quite
smooth. | cannot explain the reason. ave also had con-



ADJOURNED DISCUSSION 73

denser tubes corroding on the top division of the condenser,
while the lower section remained ?ood Almost all of the
tubes were holed about an inch from the end where the
water first enters the tube.

Some of the members seem to differ verXNmuch as to the
shape and sweep of a bend for expansion little things
often show us what shouId be done with great. In smaII
copper heating pipes I had trouble with an expansion pipe
bent to the Coppersmith’s idea. Every voyage this pipe
had to be repaired, as it always gave way close fo the flan e
At last I got tired of the thing'and had the pipe made strai
with one “circle coil in the centre, and have had no trou Ie
since. | am_sorry | did not hear Mr. Milton’s lectures;
but | would like to propose a hearty vote of thanks to him
for_his presence with us to- nrght arid for the great amount
of information he has given u

Mr. E. W. Ross (Hon. Fin. Sec): | have very much
leasure in secondmg the vote of t anks proposed by
acLean. Severa th mPs cagre urpm the course.of the eve q
In connexion with braz p ut roth mg was said particu ar
on that subject. | would like to have heard more on the
subject eithér of brazing over the coke fire or by means of
oxygen, and If the hour'were not so late | would have been
leased to hear Mr. Milton’s opinion on these two methods.
here have been many remarkS made with regard to pitting
of ? Rger buf . there does not seem to be an Hs %ctory
tion of it. May it not be In conpexion with the homo-
generty of the copper. Copper containing some Impurities
apparéntly stands Detter for pipes, and it seems to be the
case that the parts affected are the parts composed of pure
copper, and the part not corroded that composed of the ore
Impure con Mr. MacLean has referred to the pitting o
Bropeller ades. Even in our, newer blades of phosphor
ronze and other somewhat srmrlar alloys, we have signs of
pitting, not to the same dept as formerly with iron, but a
roughness of the blade which is a minute’pitting.  We are
ver}/] much indebted to Mr, Milton forgrvm g Us these lectures :
as given us a lot of his time and deserves our heartiest
thanks.

The motion was carried with acclamation.
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Chairman : We are all of one opinion—that Mr. Milton
deserves our. hfartlest vote of thanks. Th(f lectures have
been exceedingly Interesting, Important and valuable, and
will prove a great acquisition to our Transactions.

Mr. McN ateght | am not @ member of the Institute, but |
received a very cordial invitation to hear Mr. Milton’s lectures,
and have listened with great interest on the three occasions.
| would like to propose a ver h_eartK_vote of thanks to our
chajrman for the very able way in which he has fulfilled the
duties of chairman ¢n those occasions, and | hope you will
show your appreciation.

~ Mr. W. Britton (Assoc, MembeR: | have great pleasure
In seconding this vote of thanks. At the same’time T would
like to express the opinion that there is a lot more matter
reﬁardlng_ copper that we have not gone into, and | wondered
whether “it would be advisable to Rave a further evening to
discuss the subject again.

The vote was carried with acclamation.

Chairman ;| am glad to do anythm% | can for the Institute,
and it what | have done has met with your approval I am
very pleased. ~There is.an eyening vacant on March 16, which
would glve pIent¥ of time for the members to prepare their
remarkS. 1 am of the opinion of the gentleman who said that
there are certain points which could be more fully dealt with ;
the subject is not at all exhausted. Perhaps Nr. Adamson
would communicate with Mr. Milton to arrange for a further
discussion If 1t is thought desirable.

Mr. Mitton @ If it is going to be a bona-fide discussion |
will be very pleased to come.

ADJOURNED DISCUSSION

March 16, 1908,
Chairman.—Mr. ALEX. BOYLE, vice-Pkesident.

Chairman : It was suggested at the last meeting that the
discussion on Mr. Milton’s lectures on “The Tréatment of
Copper for Steam Pipes ” was not quite complete, and that
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perhaps some gentlemen might wish to add something_before
discussionclosed.  Mr. Milton very kindly promised to
come down to the meeting to n| ht, although at some incon-
venience, and | am sure he will e pleased to answer any ques-
tions or give information on any pornt which may not bg¢ quite
clear, You have co |es of the’lectures in your possession this
evening which will reat advantage.” Perhaps it would
have been a greater advan de if you had had these some time
prevrous to the meeting, but as it is, a hasty glance throurlth
hem may provide ground for some remarks, or any gentfe-
man may give his experience of copper pipes, which I have no
doubt would be verr mterestrng The lecture, as you will
observe, divides itself somewha naturaI% into three parts,
frrst the treatment of the copper from the ore the various
J)urrtres contained in it an |ts treatment untjl it reaches
stage of the ingot, secondly, how it Is rolled into sheets
and drawn Into seamless and o her kinds of pipes ultimately
to be used on oar s(p and the various failures now and
again met with, and thirdly th equestron of annealing, brazing
and the quality of copper generally.

Mr. E. W. Ross (Hon. Finan. Sec.) : | think we ought to
thank Mr. Milton very heartrIY for favourrno us as he has done
so often with hig presence on the gccasion 0 these drscussrons
One of the speakers at the last drscussron S o eas if copRﬁr
smiths were on their defence. | do not thi |t was Mr
ton’s opject to drspara?e the coppersmith’s mode of working
at all, it"has been merey a lecture on copper from the ore t0
its finished state A point that has been very much emphasized
|s the |tt|ng that t\akehs a%e In the cop er Ipes.. 1 had
at we mi ave had some explanation from an
ex ert of Mr. TomIrnsonsexperrence on that subject, but we
seemed as far off a solution as before. Mr. Milton has dealt
with the matter in a very interesting way, but we still want
some explanations to account for it. ~ We are told that copper
In a pure state is much more liable to pitting than when impure,
I that is s0, could an explanation not be found in stating that
the copper might not be homogeneous right through, that |t
may be d%re t0 the pure eavrnﬁ the impure cop er t% stand
the test of use. Mr. Balfour shiowed us ver
grams the well known effect of air in the pipés and es owed
Us a way of getting over the difficulty which I believe is a very
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good one, We have seen in discharge pipes which are only
Eartrally filled, that the pitting has gone on at the top, and b
eeprng the pipes filled that” defect has been cured. = Then
again, the action of acids in the bilges undoubtedly deteriorates
the metal. We have seen cases of telegraph and telephone
wires which have ejther fallen down without apparent cause
or when there has been a slight wind, or through the effects
of a heavy fall of snow. In some of these cases the real cause
IS not far to seek. | know of several districts where Erttrng
has been caused by the acid fumes from chemical works an
factories, and the “wires have been destroyed. Mr. Mrton
gave a description in his first lecture of the process of prﬂe
drawing.  We would have been greatly |ndebted to hrm It
had gone into that part more fufly to show how t e drawin
is done, how the copper is not turned or buckled by the grea
pressure, required in the process also how the drawrn? out of
wire is done, With regard to the b razrng we have of course
the old-fashioned coke frre brazrngb but of recent ears there
has been a departure in the way of brazing I\X meanso [ oxygen
tt;as and | should be pleased to have M |tons opinion on
he two ways.. The question of annealing has aIso | think,
been very forcibly put forward as bern%an ahsol ute necessrty
One sp eaker ex ressed a doubt as to ‘the advisability
nearn brazed pipes. hrnk all pipes ought to be annealed
braze |esrncluded There IS nQ Use hrdrng It and thinking it
IS a good prpe when it i1s not.  They should be all effectively
annealed to find out the weak and uncertain parts. In years,
Past we went in for Iar?e pipes, and as has been already noted,
he smaller pipgs, one from each boiler to the main stop valve
chest, are more In favour now. _The |arger pipes were more un-
certain than the pipes of smaller diametér and consequently
the multiple system was more largely used than the one pipe
P]/stem as when one gives out, that Doiler is knocked off ‘and
the others continued.” The question of pipe bends has been
very fully gone info, and this |samatterwh|ch has not h?d the
consigeration it deserves. The anchoring of pipes is all very
weII for expansion joints and glands, but there are certain
Bac s where one cannot always anchor a pipe and expansion
saref%un necessary The chief matter’1s to geta roﬁer
expansion bend which will stand the test of its work and
fail after a short period of use.
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Mr. A. Robertson (Member) : At the commencement of his
lectyre Mr. Milton sa){s that copper is nearly all obtained by
smelting. 1 believe at the Rio Tinto mines 4 large proportion
of the copper is obtained from the ore by means, first of all,
of roasting it, and then stackrn? the roasted ore in mounds
and allowing it tq remain open fo the atmosphere, saturating
these mounds with water at stated periods. This water IS
then run off into drains, into which prgs of iron are thrown
and the copper becomes deposited upon’ th eseg . The na-
tives are then employed in chipping off this co trnq of copper
and the pigs are used over and over again until they are
wasted awa% believe there is a very considerable amount
of copper obtained in that way.

Mr. F. M. Timpson &Member) In relation to the expansion
of pipes, there is a system of exi)ansmn joints or bends which

| have not heard mentioned. | cannot name it but | have
seen it on board one of the Trinity House steamers, the Irene,
ItapP a]rs to f ormacase onekbrpe msrdeof the other. Inthat
Vesse ey had a lot of trouble previoys to putting this pipe
in and théy have had no trouble now for a number of years.
Perha ?Mr Milton has some knowledr{re of the system. " It Is
a double shell with corrugations in the outer “shell and
believe one slides inside the other. It is a patented article
but | do not know the name of it, At any rate it has evi-
dently proved very effective in this case.

Mr. Mitton_: | have not heard of it and have never seen
an exp ansronIJomt like that but | remember many years ago
seeing one proposed in which there was_one of these con-
certina joints put in a pipe. | do not think It Was patented
and do not think the%/ made many of them. There was an
Inner sleeve PUt In, fitting falrlg/ easdyrnsrde theplpe and
tened only at the flange at oné end.” Probably this one that
Mr, Trmpson refers to Is a modification, but I have not seen
it.  With mang of  these corrugatlons the Blpe would be
necessarily moré flexible. In the Case | remember the strarght
inner sleeve was not intended_as a safequard for expansion,

ut soIer to prevent a. reat Outrush of steam In case of the
racture o the outernb . Mr, Robertson spoke about the
smelting of copper as mentioned in the first lecture, Of course
we do not know much about the copper trade in all its branches.
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The copper trade is the most secretive there has ever been in
connexion with metals, but in this lecture yoy will see | said
Durrn? recent f)]/ears owever progress In electrical and
chemical science has enabled coppermakers to obtain copper
from ores which, our forefathers could not use as there was. not
enoug{ Ipper in th em to make it profitable.” The method
obertson spoke of is one of those methods. In that

method I do not think it s the running in of water that ex-
tracts the copper I thrnk they must use acids of some kind to
drsso ve the cop When“a copper solution is_in contact
with a piece of iron, the copper ecomes .deposjted on the
Iron, that I one way they have of coprperrn g iron wire. Atoms
of copper take the pIace of an equal number of atoms of ron,
and in'time the Iron disappears because It js replaced by copper
every atom of copperusrn%up one atom of irgn, _Some system
of that kind is used by the co permakers of thrs countsy for
dealrng with the waste of copper from the scaling, of |pe
wires.” The run from the baths is passed over-iron and t e
Iron corrodes away, eavr dg very frne partrc es of co (perw Ich
are gathered up and used. Anoth er ent eman spoke about
flanges. | had aIetter only within th e last two ort ree days
from one of our eminent engineers settled in Italy. He said
he had seen in apaper some notice of the Iecturesrn connexion
with this Institute, and that the question of flanges was one
he was Interested in. He sent a sketch which is precisely the
same as Fig. 9, which he spoke of as being the right way.to
put flangeson. . Mr. Ross asked for a little more mformatron
about the drawrng of pipes on the mandrel | th oug ht | had
made it per fectly”clear, but if he would say in what way It
was not clear | should be_very glad to grve In ormatron I
mentroned frrst of all that it was Very essential, before begin-
nrnrg to draw dt e Cop er Ipe on a manqrel, that the pipé at
ﬁtrn should be per ectI rue, If one betgrns tp rawam

which seccentrrc Insteag o berng concent ic, all the dra %
erI never make It true afterwards. 1t 1s |mp?rtant to see tha
the pipe is turned outside and bored inside” from one setting
of the machine so as to get it perfectly true.

Mr. Ross also asked how they prevent the pipes from crump

|ng ﬁ In the drawing process. ~ There is no danger of this
raw (_1 the pipes, but there is a danger when drawing the

mandrel out of them afterwards. The mandrel is a long rod
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with a very slight taper on it, and one end of it is slightly
redyced in Size,” The pipe to be drawn has one end reduced
In size. 1t 1S then put on the mandrel, the smaller end is put
through the die and then theIngpe Is secured o the mandrel
at the small end by a I‘InP driven on 1t, forcing it info the
reduced part of the mandrel. |tisthen drawn thiough the die,
which is of steel, turned smooth and bright inside.. The reduc-
tion in area each time is about 20 per cent.—I think it can be
reduced about 25 per cent., but 20 per cent, is the average,
They generally draw it as hard as they can without risk of
bredking, and’the more they reduce the area the greater the
risk of “breaking it. The drawing hardens the cOpper very
much and it has to be annealed before being su gected,to
another drawm?. The mandrel is greased and the outside
of the pipe also, {0 lessen the frictign, ~After the Plpe,ls thinned
down, the mandrel is turned end for end, a 50{; IS put on
against the die and the mandrel is drawn out. The moment
the mandrel starts it comes away altogether because of the
sllght taper, If there is any difficulty in drawing the mandrel
théy put It back again and draw the pipe the second time
through the same die piece. But there is a great difficulty
with very thin pipes, M_ang of them crumgle up in drawm%
the mandre| out. ~ There is & good deal of waste of labour bu
the material is merely cut up and melted over again.

Mr. Britton : Do the dies revolve ?
Mr. Mitton : No, they are fixtures.
Mr. Britton : Both the pipe and the die stocks ?

Mr. Mitton ; There is no revolution in it. There is a lon
endless chain with plate-links.. The grlP,pers on the mandrel sli
In that chain, which workswith acontinuous forward motion.

Mr. G. W. N Member) : About what size of pipe is
drawn (lan that \e/\/VYaS/I?I ( ) PP

Mr. Mitton : The Iarge_st | have seen is 8 ins., but | think

they run up to about 12 ins. in seamless pipes. ~ Some years

ago'when | was at one of the works 81n, pipes were drawn down

t0 successjve stages to § in. ﬁlpes. _They stopped the drawmﬁ

process when they got to the particular size wanted, and a
F
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the_rest went on further till the smallest size was reached. |
believe that now smaller ingots are used for the smaller pipes.
With regard to drawing tubes, | can tell of an interesting inci-
dent which hapﬁened fot long.ago in connexion with a small
vessel on the shaft of which”it ‘was necessary to put a long
continuous brass, liner. It was J in. thick dnd there was a
difficulty in getting the liner_on in one piece, and at last a
seamless tube was put on. The shaft took the place of the
mandrel and it was sent to one of the tube drawing works to
have the tube drawn through a die. 1t was secured on in the
way | have described and was found to be perfectly tight.
| have been told by one of my friends in a large engineering
works that many fods are covered in that way, with brass
tubes put on.

Mr. Newall : IS there not a wave action going on at that
nosing at the top of the die 1 Isthere not a tendenCy for copper
to break up into wave action ?

Mr. Mitton : No, there is no wave action. The die simply
squeezes the metal down. They do the same sort of thing in
wire drawing, making the wire Smaller and smaller gradually.

Mr. G. F. Robson (Visitor) : What is the average length of
these mandrels ?

Mr. Milton : | should say about 25 feet would be a good
length for a mandrel, but for the smaller pipes they are longer
than the others. They have ever a‘)phance for handling them.
As they are drawn out they aré placed on a turn-table and
slewed “round, very very (1U|ckly_. A very similar process is
used for drawing steel seamless hoiler tubes.

Mr. Ross : If the mandrels are only 25 ft. long, how do the
draw the fong pipes perhaps 50 toy60 ft. Iongg? Y

Mr. Milton : Very likely those are made in two lengths and
?ﬁg%eijentg ether. °do not know of any pipes being made

Mr. B ritton :1 have used copper pipes 28 ft. long, ins.
solid dre{vlvnopnipes. PRET pIp 9
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Mr. Milton : They may make them that length. There is
norarlega]son why they shouI not if only the mandrels are kept

Mr. Timpson : A few years ago when there wasgreat trouble
with the small size watertube or ers, a large firm of builders
had a brass liner drawn right th roug h ube. I have not
seen it described to- n| ht and | should Irke to know if it Is
still inuse. It was used orthehrghpressure boilers, at 120Ibs
where the pitting action was verysrong They were Express
type boilers, an adaptation of Thorney croftstubes and twenty
to thirty boilers of that type were made with the brass liner i ht
through the inside of the steel tube. The idea was to stop
prttmg by lining the tube with brass.

Mr. Mitton : As a matter of fact some of those tubes were
used but were afterwards cut uﬁ and 1 do not think they were
ever repeated. | did not know that there were as many as th|rty
boilers fitted, 1 t hought there were only one or two.
tubes were brought b fore the notice of fhe Admiralty Borler
Committee with“which | happened to be connected” They
had a thin brass tube drawn in, the brass could not get any
metallic union with the iron at all, it was simply stuck inside,
[t was not as thouPh It were brazed on and what was feared
Was that small ho es in the brass would allow water to get
In etwe]en the surfaces and crumole the Inner tube and"so
stop uPt e circulation of the tube in the boiler. Thefear of that
more han an%thrn g else killed that kind of tube. Th ere Was
another tube that wasproPosed atleast twenty years ado by the
late SrrWrIIram Allan. 1t was an |ronTn|pe lined in the same
way wrt cor}_o for steam pipes. That never came Into
?enera use, At the trmewhen the iron tube wrtht ecogge
Iner was first proposed, Mr. Alexander Taylor of Newcast
had been using plain pipes for steam pipes without the copper
liner. He found they gave no trouble in the way of corrosion,
he took out one of the pipes and had |t cut up“to show that
1the Inside of the p |Re was as I%oo as when it was pué in,_and
romt at trmeﬁ iron steam pipes began to be used. That

t gose the reason why the copper lined pipe was not
conrnu

Mr. J. F. Redmap (Member of Councrl) That would be
wrought iron pipes for steam pipes, | suppose, not cast iron ?
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Mr. Milton : Yes, wrought iron.

Mr. Batfour (Member) : | would like to take this opPor
tunity of amp Irfxrnﬁ what | said at the London Instrtu ion
y oonnexron wit ecorrosron of cop{Jer pipes, which |s one
of the most |m80rtant points brought to our notice. From
Fig. 12, page 50, in the discussion you will observe 1 affirm
that the corrosion takes place at the highest paint of circula-
tion, and in the horizontal range. . Now supposing we remove
the circulating pump from the éngine-room as shown and Iace
It near to the machine itself at the highest pornto watersupp Y,
thus converting the pipe into a suction or inlet. | do not thirk
any of you have observed corrosion in pipes under such con-
ditions, because the pump 1S Inoperative unless it is fu
charged with water. "I offer these remarks in support of m
theory of corrosron as being the resuIt of free air.  There are
numerous, refrigerating machines working with the circulating
pumps driven otf the crankshaft, and | have pever found in my
experience any Ccorrosive effect m pipes. under those so -called
suction condjtions. With reg ar to Frgn Itrsa mitted
that trouble has been exp errence with the main inlet. |t is
a very Important pipe in a ship and | think that trouble from
corroSion may be cured by having a regulating valve fixed on
the pump itself, thus insuring the“full pressure’of water in the
inlet pipe. We have been told about trouble with condenser
tubes corroding, and that we cannot get at a solution of the
difficulty. | squest that this mrght be overcome by adoptin
a by-pass which 1think would tend to prevent corrosion, result:
Ing” from the freeing of the air, as It nsures a solid body of
Water in_the Iorpes under varrous conditions of temperature.
have just learnt to-day, with much satisfaction, that an

Instrtutron |m|IarBo the |ron and Séeel Institute Is about to be,
If not actua established, to consider the question of copper
and Its al 0563 and all non-ferrous metals. ~And the facé of

Mr. Milton bringing this subject so promrnentIZ forwar In
his lectures before IS Instrtute i to.my mind & remarkable
coincidence that such an Institution is being formed to mvestrdate
and eal with matters in connexion withthis very important
metal.

Mr. W. Britton (Assoc. Mem.) : | should like to ask Mr,
Milton what is his opinion of hangers for copper pipes. Several
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R/Ientler_nen spoke on the matter at the previous meetlnlgs, but
Mr. Milton did not state which ,tyPe he approved of. I think
It is quite within the scope of his lecture and should value his
oBmlon. Mr. Milton said the largest Plpes drawn were
anout 12 ins. and_he had seen them drawn from 8ins. | may
say that Messrs. Thomson’s have worked solid drawn pipes of
9 Ins. diameter in this district. | deal Iar?ely In my work
with pipes considerably under 6 ins. diamefer and we_have
invariably used expansions for the fIan?es of copper coils, |
wondered whether it could not be adopted to a greater extent
for the larger diameters. For 2J ins. pipes we used brazed
flanges for a time, but went hack to the expansion gomts as
they were more secure, and, so far as | know, they last better.
With regard to corrosion | might say that dufing the war
In South Africa, a battleship was fittéd with two sets of dis-
tilling machinery in duplicate—I am now speaking of the Rarts
made of gun metal and alloys. The machinery for each set
was made at the same time and the two worked side by side
In the same waters. When they came back from the war one
of the machines was wasted dway whilst the other was In
Perfect condition. 1 should have fiked Mr. Milton to explain
hat, but it seems to be beyond explanation. In connéxion
with this matter of the expansion bends in the two pipes shown
In the sketches, | am_inclined to favour Mr. Grisdale’s view
that the first ﬂ?ure, if made circular in shape, would have
been preferable To the ope shown, and | cannot see why the
latter should be preferable to Fig 6. | asked a question at the
first meetlnag with regard to planished pipes. I was thinking
of planished pipes fof use on a smaller scale than Mr. Milton
had In view. | was usmg them In connexion with pumps
and since then | have noted that the vibration on the éxhaust
pipe is considerably in excess of the vibration op the steam
pipe. Whether thé same thing applies on board ship | cannot
say. | thought it remarkable, as in some of the exhaust pipes
the vibration is not so apparent.

Mr. Mitton ; | will speak about that matter of the
planished pipe first of all. In dealln? with the question of the
suitahility of the planished or annealed pipe, there is not only
the vibration to be considered, there is also the alferation
In the length when %ettmg up steam; the small vibration
does not much alter The length of the pipe or the shape, and
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exhaust pipes are not o hot as steam pipes. . There is another
point.  If there js a failure in a steam pipe it is serious, but jt is
not so serious if the failure happens in the exhaust, and so
one can afford to take more risk with the exhaust and so take
advantage of the stiffness of the planished plge. A question
was asked with reference to the suitability of expanding or
brazm% flanges. If you expand copper into a flange it must
be hard, where you expand it you makeit hard. It is a mater
of impossibility“to_have it annealed at the I%omt and it is just
af the fIanfqe that it needs annealing most, there are such great
changes of form. | hope what | have said has not led t0 the
thought that 12 in. pipes were not to be obtained. As far
back™as 1889 12 in. copper pipes were made in thjs country,
but unfortunately some of those pipes were spoiled in the
coppersmith’s shop. and when cut open were found to have
longitudinal seams in them. ~ Sir John Durston, who examined
them, said “ ReP_Iace them with brazed pipes " and that was
done. The multiple system certainly has been more favoured
than these large pipes; but you cannot use the multiple_system
In_high power steamers. "Where there is a multiplicity of
boilers you cannot have a multlpllc_lty of pipes, so where there
are large vessels like the Mauretania’or Carmania they have,
perhaps, two lengths only to the engines, but they are made
of iron or stee| inStead of copper. 1f'there were separate pipes
from each boiler to the engine room, the multiplicity of pipes
would be a constant source of trouble. With regard to _we
hangers, generally speaking, | should be verY sorry to_ think
that anybody could designa hanger that would be & universal
pipe hang_er_. In putting in a pipe each case has its own sePa-
rate conditions and has"to be considered separately—how the
pipe will move under expansion and how to avoid any undue
strain on it, and the hanger should be designed so as to take
the weight of the pipe and at the same time-allow it to be free
to move In some definite direction. One gentleman spoke
about sprmg hangers. .Spring hangers are_J e only solutjon
In some’ casés wheére 1t is necessary to provide for_the motion
up and down, that is the directionin which the weight is to be
suerorted. _When it 1s hot the pipe will move upwards and
when cold it will assume a lower position, and I think circum-
stances of that kind can be provided for by the spring han%er.
But the hangers are details that ought to be considered and
thought out in the drawing office, and not left to the erectors
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on board the ship, It |savery important pornt in_connexion
with the supporting oft e ges With regard to_the pipes
themselves of courset e m re bends in genera will mean a
more flexib ep What | wanted to draw attentlon to IS
the fact that the amount of bend Is not everythrng R
came before my notice not long ago which the engineér thought
an_excellent arrangement.

There were several bends in it but a large part of the prﬁ
was in a straight line joining the flanges and this part of t e
Rrpe therefore was subject t0 a direct compressrve stress when

ot and gave no flexibility to the |ro With regar to the
COrrosion’in_ pipes It |savery difficu Egoro lem, angd | think if
the very unique experience which Mr. |tton described of the
two similar machines apparently used under similar conditions
had been investigated, some ditference of treatment would
have been found which might have thrown a great deal of Ilght
upon the subject. | shoUld say they could nof have béen
under similar“conditions. In all probability the one was
affected by the electric light and the other was not, but these
thrngs are drfflcul to find out. Some time ag | saw a lot

oiler tubes that nad been taken out 0f one of the
Express I)(]pe boilers, and they were all thinner on one side
than on e other Il eccentric instead of being concentric,
and the concl usron was jumped to Immediately that the
thrn side was that exposed to the fire, but when We came to
ask the engineer how they had been placed in the boiler it
was found “that he had omitted to mark them in any way
and we %ould onHues at the cause.. It may have been that
those tubes had een concentric, because a good many
%ccentrrc tubes.are made and the use of the boiler might have
een blamed instead of the makers. Some of my friends
In His Majesty’s navy hoId absolutely diverse Views . as
to the cause of corrosion and the frequency qf corrosjon.
One of them told me that there was proportionately just
as much corrosion_of copper grpes twenty years ago. as
there 1S now, only it was not s much sp oken of. It pipes
%ﬁtve out they Were replaced and nothing more was said about

e matter. “But now, with oyr warships, all these things are

one into, and the number of bad pipes and other matters
re recorde aﬁamst the ship. ~ This gentleman sajd the electric

had not mgnto do with jt. as there was just as much
trouble before the electric light was Installed.  Another
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enginger officer whom_ | was talking to on the sub][ect was in
one of the large ships just before thé war. He said the electric
leads were always giving trouble and the pipes were also going
wrong, and on répairing the electric leads they found that'they
had no further troublé with the pipes. When | was on the
Boiler Committee, we got an invitation to look over some of
the cruisers in the Dutch navy, and we learned that they had
the same trouble as ourselves with condenser tubes, A careful
experiment was heing made. One of the condensers was
berno insulated with Vulcanite, every hit of it nsulated.
shoufd have been very pleased to have known the_result, but
|t shows that troubles with corrosion are not confined to the
% ShIpS Another thing we saw there. They were
using a nickel copper all oy Instead of zinc-copper alloy for the
con enser tubes and they said they expected the extra cost
would be rejoar in the saving In condenser tubes. What Mr,
Balfour said about the Copper Instltute |s a matter of great
interest to marine englneers genera % was present at a
meeting in Manchester| ast we Kinw |cht ro 0sed_ Insti
tution was very strong)é advocated meta Iurglsts in the
copper trade and others, but there seem to be somé little diffi-
culty in overcoming the prejudices of coi%)erma ers agalnst
the Imparting of knowledge from one to another Y seem
to like to keep all their experience to themselves. Bu some
are gettlnn%; more enllghtened and now realize that with a large
en, each o whom has one little bit of knowledge of
hrs own when the}/ freely communlcate their ideas to” one
another each gains the ex;r)]e |enceo many men and only gives
up the exp erlence of one, the result Is to benefit thewhoIe trade
This js one of the 8reat a vanta%es In Institutes like the
Posedlnstltute of oppe]r or like hrslnstrtute It 1S not nIy
he read moo papers;t econversatronst at we have with our
friends at he?e meetln([;s th eglvrn? of knowledge, the recital
of experlence rom one To'another, afl tend to the advancement
of the professron generally, and | feel sure that the members
of }hrs nstrtute who are continua ltj re?ewrna these benefits
be very pleased to see an InstitGte formed In connectron
hthe co c erlndustr 50 th atéhlngs atPrescent obscure and
nown becomel vestigated and deprived of the mystery
now surroun Ing them.

Mr. W. C. Roberts (Vice-President) : I have very little to



ADJOURNED DISCUSSION 87

say on this subject, not bern%ﬂa coppersmith b ﬁrofessron
not having the knowledge Mr. Milton has acquired through his
visits to the different works where th e manr ulation of the
copper is carried on. My experience of crbperprpes IS In the
use, of them. . Only on one occasron | think, have we had a
main steam pipe burst: it was a 6 in. brazed prbe and the cause
of drvrn way we never discovered. Two of the firemen were
scalded to death and had the eno\rneers on watch not taken
shelter in the tunnel, they wouldlikewise have been scalded.
It occurred on a voyage between Hong-Kong and Shanghar
and that is the only dccident | remember having where a steam
prpe burst at sea: Mr. Ross elucidated the “subject a good
deal wrth regard to the bilge discharge pipes corroding away,
and the ends Ieadrng out from the Straight Ientqth from the
pump UP to the valve chest getting pitted, 0 acids, oils
and 5o forth getting into the *bilge water. ~ With other pipes
there 1S not much troubIe except With condenser tubes, which,
of course, are partially copper. With regard to the maiter
mentioned by Mr. Milton of jnsulating the condenser to pre-
vent the action of ele%trrcrty, this has been d on% In the Nav
have had some trouble from time to time wit some casses
of condensertubes Of course in the compogition of condenser
tubes there is more or less a proportion of zinc, and where the
Prorb]ortron ofzrnc IS large, there you. getc rrosion in the tybes
opinion due to the compositign o the metal itself. |
have proved that by reolacrn% he tubes th at ave way in the
condenser with tubes of the Admiralty quali Thrs IS the
most reIrabIe uaIrt N0 doubt they have foun out the proper
composition f denser tubes. "I replaced those tubest at
gave way after t e vessel had made two or three voyages
and the new tubes Fave no further trouble. 1 am very sorfy |
have not had the pfeasure of reading Mr. Milton’s lectures, but
we are all much indebted to him for the Iucrd wa n whrch
he has treated all the ?uestrons might sa t at cog
main steam pipes are almost becoming a.thing of the
the solid drawn steel pipes, and even soIrd prpes are being
substituted instea, that is for straight Ientt;ths | was on thé
Continent some time ago, and in going through one of the
engineering works I saw"pipes made out of a solid bar of steel,
a bar 6ins. diameter, bored out of the solid and turned down
from the flange to the area of the pipe outside. The bar was,
of course, the full diameter of the flange to begin with.  These
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were for straight lengths of steam pipes for warships of the
German Navy.

Mr. Mitton ; | can confirm what Mr. Roberts says, not
for the particular ship but for another_continental warship.
They were not only made for the straight Ie_n%ths, but the
bends were made in"the same way and bored S|I(i tly eccentric
s0 that after bending the outside of the bend was Teft of uniform
thickness with the “other parts.

Mr. J. Fer1 Redman (Member of Council) : Many years ago
when | was in Liverpool we used to have the old-fashionéd
en([;mes with the main steam pipes coming down into the slide
valve casings between the two cylinders.” In process of time

Fig. 14.

those engines were destroged flnd when th?P/ came to preak
them up-all In between these flanges was solid copper, simply
abraded by the aftlon of the steam. The ftlanges were filled
up solid arid samples were sent to the Admiralty of that coPper
as pure as one could get it.  That Is a thing We have to Tear,
the abrasion of the pipes. Another thing in connexion with
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the pipes | may as well mention. This was a joh which |
undertook about ten years ago. These pipes were solid drawn6

grpes and at the sugigestron of Mr, Milton’s colleague, .in
to overcome troubls which was being experienced with
tese pipes, | made a complete curve like the coils, of a
trumpe It was rather expénsive, but it answered perfectly.

Chairman ; | do not propose to say anythrn% on the sub-
ject matter of Mr Milton’s lectures, but I cannot help repeat-
Ing that we are all indebted to him, not only for the lectures
themselves, but for the great pains he has taken, and for
his readrness and erIrn%ness to come to our meetings here.
This |s our fourth meeting, and I feel sure | am speaking for
¥ou all when | sa that Mr. Mrlton s readiness to freely answer
he questions of any one who wished for information on the
subaect has increaséd our indebtedness to him. Mr. Balfour
made some remarks in reference to the proposed formation of
an Institute of Copper and Mr. Mrton supplemented  those
remarks. and s oke ver}/ much tobt e _poin mdeed As he
said, it is much better for_a number of men engar[;e in any
articular profession to unrte together rather than to attem
0.keep any secret or enefrt for themselves alone. ~As
Milton poirited out th eK have only their qwn knowledge to
retain, where they might gather |n the united knowled%e of
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the whole industry. 1 do not think that holds good anywhere
more than in this Mstitute. ~ The members have an opportunity
of communicating with one another, and many of our members
have unique experiences as marine engineers which are very
valuable to others. The value of this Institute is that every
member has got an opportunity of communicating his experi-
ences to his fellow-members, and those who are Unable to be
Bresent at the meetrnr]rs receive the Transactions and gain the
enefit in that way. Tt is the accumulation of this experience
that works for the benefit of the profession at large. In
reference to this proposed Institute | think that, seern% we
are so thoroughly convinced of the advantages of such an
Instrtutron we mrﬁht send the following message to those who
are, un erta (ang the formatron of the “Institute.

“Th at this nstltute learns with satisfaction that it is
contemplated to found an Institution on the lines of the Iron
and Steel Institute, to deal with copper, brass and other
non-ferrous metals and alloys, and it cordially wishes success
to the undertaking.”

| might say that the proposed Secretary is Dr. Carpenter,
Professor of Metallurgy 'in the Manchester University, M,
Adamson will doubtless bring this matter before the Council
of the Institute.

Mr. E. W. Ross 'gHon Finan. Sec.) : | have much Pleasure
in seconding the proposal that this matter be put before the
Counci| as @ recommendation to send the resolution that Mr.
Boyle has read.

The motion was carried.

. Jas. Robertson (Member) . | think we are aII very
LIICh indebted to Mr. Milton for the very able way
delivered these lectures. He has |ven us two s en |
ectures and in the drscusslon he h glven adls?ertatron on the
whole thing from b eornnrng to end.” | was pleased to be at
the first_lecture, but 1 have not been able to come to the two
ntervening meetings.  To-nigh however we have again
heard %he various questions and Mr. Milton’s replies. and
hink this Institute owes a very great debt of gratitude to him,
He has given us of his time, and not of his time only, but of
his mind and experience. He has rendered a great service
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to this Institute, and what he lias said and done will bring the
Institute further forward in the public_ notice than it has
been previously. 1 have much pleasure in proposing that we
accord him a vote expressing our very heartiest thanks.

Mr. W, C. Roberts (Vice-President)(: | have very great
leasure In seconding the vote of thanks so ably proposed by
r. Robertson and I fully endorse everything he’has said. No

doubt Mr. Milton has come here at great inconvenience to him-

self and | think we ought to give hif our very heartiest thanks.

The motion was carried with acclamation.

Mr. Milton : | feel rather ashamed to have had all these
things said about me. It is not a great inconvenience, it is
one 0f my greatest pleasures to * talk’shop ™ with you.

Mr. Britton : | do not think we shoidd go away withoyt
glvm(i a vote of thanks to Mr. Boyle for occupying the chair
So ably to-night. I do not think we could have had a better
Chairman and | think he should have a cordial vote of thanks.

The motion was carried with acclamation.

Mr. Boyte ; Thank you very much. | am verygleased to
do anything | cap for the Institute and if my efforts are
appreciated”| shall feel deeply rewarded.
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