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SUPPLIED I'N SHEET. STRIP, EXTRUSIONS, AND TUBES

BA.2l combines comparatively high mechanical
résistance, working properties and weldability.
It is recommended for marine work and as a general
furniture and many other industries.

properties* with excellent corrosion

purpose alloy for transport,

* Minimum mechanical properties for sheet and strip

0.1%

Elongn.
pr. stress ha
T/sq. in. % in 2in,

14-201

Lhard

t acoording to gaue.

THE BRITISH ALUMNIUM QQ LTD. SALISBURY HOUSE LONDON WALL LONDONEC2

Telephone : CLErkenwel T 3494 Telegrams : Cryolite, Ave, London
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W e have been asked why we show different
designs of Metalastik torsional vibration
dampers when ours is already the simplest

and most effective damper known to industry.

It issimply a matter of suiting the design to
therequirementsdictated by the customer’s
layout. There are many factors that are to
be considered before a damper is designed:
the torsional vibration may have a high
amplitude that is a controlling factor, dia-
meter may be restricted by obstructions

or length may be limited.

W e are in the fortunate position of having
at our disposal various designs and a mass
of well-proved experience; from these we
have successfully solved all the problems
brought to us, including some of the worst

cases known.

Our knowledge and extensive test equip-
ment are available in the service of all who

have vibration problems to be solved,

Metalastik Ltd., Leicester.

October, 1945
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G.E.C. Infra- Red Lamp Industrial Heating Equipment has played an
important part in solving urgent war-time production problems.

This brochure contains particulars of a variety of applications, with
descriptions and illustrations of many installations.

Essential and valuable information is included which will help to solve
many problems both now and after the war.

The Gereral Electric Co, Ltd., Head Office, Magnet House, Kingsway, Lomdon, W.C.2
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p p o sing

that John Dale Ltd. had been performing their metallurgical
marvels in the days of England’s “wooden walls — would Aluminium
Alloys have teamed up successfully with oak 1 Shiver our timbers,

there’snot a doubt of it

Thatis one of the most outstanding attributes

of Aluminium Alloys— they are eminently suitable to form perfect
partnerships with a vast variety of other materials. This is especially
true in building ; whether it’s building ships, houses, or businesses,
Aluminium Alloys can make their own unique contribution.

Just supposing:

that (reverting to our mari-
time mood) 1Aluminium
Ahoy!’would open up a new
horizon in Yyour business—
why not come along for a
discussion ? Finding new
uses for our Alloys is the
salt of life to us.

J O H N D ALE

LONDON COLNEY . HERTFORDSHIRE
Telephone : London Colney 3141

Ltd
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It may be a stiff fight, but the elephant can
take it, for, like the CROMALIN finish, the
elephant’s hide offers tough opposition !

No plating process can provide more stubborn
resistance to wear and tear than CROMALIN—
the finish that writes “finish” to frequent
replating costs.

CROMALIN is unique in that it can be applied
not only to Steel, Brass and Zinc, Alloys, but
also to Aluminium and its alloys.

Write to us NOW, and let us tell you more
about it.

METAL FINISHES LTD., CROMALIN W ORKS,

October, 1945

BIRMINGHAM 1
mamnrt
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.SABRE .Engine Supercharger Casing in ELEKTRON Magnesium Alloy

iSTERVEL;

F.ifktroN-A luminhjM
MAGNESIUM ALLOYS NORVALA HEAT TREATED

*ELEKTRON* FORGINGS

TELEPHONE : COVENTRY 8WIJI (t LINES) TELEGRAMS: STERMET PHONE COVENTRY
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A lum inium C orporation

.Lim ited

INVITE
ENQUIRIES
FOR
CIVIL USES

Temporary Head Office :

Telephone: Dolgarrog211 Telegrams: Fluxode, Dolgarrog

LEADING ALUMINIUM FOUNDRIES USE

our NEW TYPE of COREBINDER

SUPINOL “ N 7 SEMI-SOUP OlL

IT PRODUCES STRONG CORES WITH HIGH PERMEABILITY
AND SMALLEST GAS CONTENT, SAVING VENTS AND WIRES

EASY DISINTEGRATION
NO METAL DISCOLORATION

F. & M. SUPPLIES LTD.,
21/23,Coldharbour, London, E .14

Also Manufacturers of Degassers, Refinersand Covering Agents

for Aluminium Alloys. Parting Powder of exceptional quality
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n

your Enquiries for ELECTRODEPOSITING

COPPER

NICKEL

CHROMIUWM

Prospective clients will
please note:—

Pending the conclusion SILV ER

of War Contracts our

capacity for this work - .
is limited. on Aluminium and most of its Alloys

A LUMINIUM PR OTETCTTION

COMPANY LIMITEHD
40 BROOK STREET, W.I. Telephone: Mayfair 4541.
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The dark waryears are receding,
and we can s our way to take
up projects which were laid aside.

these is an important
development of our Cemented
Carbide business into the field oj
dies and similar tools for metal
forming operations. Now we can
proceed and plan to meet the
many demands received for
Carbide Inserts and Dies.

At present we are in a position to supply
Nibs and Rings, plain or cored to various
shapes, and to any angle for—

W ire, Bar, and Tube Drawing,
E xtrusion,
Presswork,

Deep Drawing,
Swaging,
Cold Heading.

Enquiries, which are welcomed, should
give full details of the operation.

iSUYIULYS-CH,
mySrwi

Our factory for the production of finished
dies is approaching completion, when we shall
welcome enquiries for finished “D URITAS”
Cemented Carbide Dies for all types of work.

WILLIAM JESSOP & SONS, LTD,,
BRIGHTSIDE WORKS, SHEFFIELD.

Also sydied by our Assodated Gorpary*
J. J. Savillc & Co. Ltd., Triumph Steel Works, Sheffield.

LICHT METALS

October. 1945

,fIT the moment only half the
story can be told. But, with
the return of Peace, we hope
soon to be able to tell you of
the war developments which
will be incorporated in the
future design and manufacture
of our Optical - Mechanical *
Electrical Instruments and
Aircraft Equipment.

AVIMO LTD., TAUNTON
Somerset (England)
Approved under Air Navigation Rules
for Civil Aviation.

PROGRESS by QUALITY
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The machine shown is one of a number buiit for cutting
6 6'XT' Armour Plate having an ultimate tensile strength
of 100 tons per square inch.

It has the following features:—

HEAD WRIGHTSON HYDRAULIC HOLD DOWN
PNEUMATICALLY OPERATED MULTI-PLATE CLUTCH
TWIN DRIVE ON CRANKSHAFT
POWER DRIVEN LUBRICATION
PROVISION FOR JIG SHEARING

Many other designs of shears are available for heavy
plates, light plates, sheets, strip, bars, billets and
sections. In hydraulically, pneumatically and mechanically
your enquiries operated types.

Send us

H E A D W R I H T S O N tC€C ’L17?

Consultants, Designers and Builders to the Steel and Non-Ferrous Industries

THORNABY-ON-TEES
92-L.9
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Because gas is simple.

Because gas gives even distribution of
radiation without elaborate apparatus.

Because gas Is economical.

Because gas gives a very widerange
of flux density at the turn of a tap.

Because gas Is reliable.

Because gas eliminates any material
difference in drying time due to colour.

Because, gas apparatus is "flexible.”

Because compact gas-fired tunnels are
easily constructed In different shapes
and sizes.

Because gas apparatus Is robust.

Because capital and maintenance costs
are lowand there are no complicated
* extras.”

NOTE: 1In some cases existing conveyor

To all specifications and for all purposes

Please send enquiries to:—
IMPERIAL CHEMICAL INDUSTRIES LTD.

LONDON, S.W.1.

ovens can be adapted to, or combined with,
radiant heating. The Gas Industry offers
free technical advice on special problems
arising out of particular installations.

FURTHER INFORMATION can be found

in a technical paper “ INFRA - RED
DRYING ” by F. L. Atkin, M.l.Mech.E.,
M.Inst. Gas E,, sent free on request.

BRITISH GAS COUNCIL

IL,GROSVENOR PLACE, LONDON, S.W.1
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FROM

Wherever the weapons and instruments of war have needed the utmost surface
protection, the finish specified has been Cellon, Cerrix, Cerrux—or a blend of
the special ingredients upon which the supreme quality of these tough finishes

depends.

Beauty has not been part of our war time duty. The high grade raw
materials always used in Cellon products have necessarily been reserved for use
wherever human life or the efficiency of ourarms have depended upon preservation
from the elements—including tropical heat, arctic cold and the insidious attack of
sea-water. Now that these materials are once more becoming available they will
be placed, as rapidly as possible, at the disposal of industry. Meanwhile,
excellent substitutes for many purposes can be supplied at once. Consult us for

help with your problem.

C e r H c

CELLULOSE

CELLON LTD., KINGSTON-ON-THAMES + TELEPHONE: KINGSTON 1234 (5 LINES)
Thorp-Hambrock Co. Ltd., Montreal, Canada Cellon Corporation Pty. Ltd., Sydney, Australia
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FOR ALUMINIUM AND LIGHT ALLOYS

Hot Mills & Cold Mills

for Rolling Sheet Strip

and Foil. All Auxiliary
Machinery

CREOSOTE-
PITCH FIRING

A number of firms adopting
this fuel have encountered
new Refractory Problems
caused by corrosion and
Vitrification Spalling.

IN A MODERN PLANT

If a suitable design of burner is used, the
trouble can usually be overcome by usin
a High Alumina Firebrick such as NETTL
(42/44% Alumina)—a point proved by the
practical experience of several customers.
An additional protection to the brickwork
by washcoating with Maksiccar Il. or Stein
Sillimanite Cement will often be found
economic. _Further information will be
gladly supplied on request.
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Here is a perfect specimen

w
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@) CASTINGS

—with a Difference

Here is a faulty specimen

Light-alloy castings which had not previously been under
radiographic inspection were being machined, when surface
defects appeared. This prompted an X-ray examination to
determine the extent of the defects : and these were revealed
as the dark diffuse shadows in the radiograph (figure on right)—
compare with the radiograph of a fault-free casting on the left.

As with this casting, so with many others, radiography before
machining will eliminate defective specimens before costly
machining operations have been expended on them. For
such routine inspection of light alloy castings the supreme
X-ray film is clndustreX5Type D film.

NDUSTREX’ Type D Fl

KODAK LTD., Kingsway, London, W.C.2

L M
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for nil metfillurgical

HEAT TREATMENTS

light alloy treatment

Vertical cylindrical air-circulation furnaces
each having a connected rating of 250 kw.
The furnaces arc fitted with lift and roll-off
lids, each being capable of accommodating a
one-ton load of light-alloy forgings.

METALECTRIC FURNACES LTD.,, CORNWALL RD., SMETHWICK, STAFFS phone : SMETHWICK 1561-2

W e don'tsleep

on thejob ,.

Ay & P
SERVICE
W m

\Y TAL
TECHNICAL
PROBLEMS

We have solved them for Government
departments and others. Can we
assist you in your future production
A N ! G K ! N G plans ? Our staff of technical experts

. . . ill at all ti be h to gi -
of Aluminium and its alloys in NATURAL \gilase?j :dvic"enezn eamyap;gd oevge'r\;e B?e

OR COLOURED FINISHES; Chromating of Casting problem involving the use of
ALUMINIUM-BRONZE, ALUMINIUM

Magnesium; Zinc; Cadmium; EI-Tin; and ALLOYS, BRASS and WHITEMETAL.
Silver Plating and Telephone

other processes. 0637 o fSlo n -F e rr o u s
DIE CASTING CO LTD

NG & PLATINGS LIMITED Nonferdica Works, North Circular Road,

| ‘
- Cricklewood, London, N.W.2
D STREET. RA.DCLIFFE, L/;NCS. o GL Ao 6377
m 1284

A.1.D. approved.

ANODIS
HOLLAN
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It is stimulating even to speculate on the rehabilil

in our new highly competitive world, of the most com-
monplace structure or product in terms of Light Metals.
To give an idea form, to quicken the pace of attaining the
full functional value of a mechanical product, Hiduminium
Applications Ltd. (designers to great organisations in the
light metal industry) invite manufacturers and others to
share their experience and facilities in design and con-
sultation. Further information on request.

H 1 D u M 1 N 1 u M

A PPLICATIONS LTD.

E££SIGNES IN LIGHT MLTALI wG3® MYNOLDS TRy XO . LD
FCR HIGH DUTY AUOYS ITQ mplJ Vjy REYNODSROLINGMLSLID

f ar h h am r oad s I o uc h b uc k s
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their Alloys

EDITORIAL OPINION t

A nother N ail in the Coffin

C ONTROVERSY still rages around the merits of high-purity base metal
and high manganese as specifics for immunizing magnesium alloys against
untimely destruction by corrosive agents. On balance, supporters of

the high-purity school seem, at the moment to be leading, and Hanawalt and

Nelson are to be congratulated on the convincing manner in which, in this

issue of "Light Metals,” they have presented their case.

Nevertheless, the evidence recently put forward by Fox and Bushrod in
support of the high-manganese practice isnot to be rejected outof hand, despite
obvious shortcomings in the authors’ experimental technique. For, prior to
the advent of super-purity magnesium, such notable advances had been made
in the application of the ultra-light alloys, that no doubt existed as to the fact
that the corrosion menace, once so dreaded, had been, in a measure, overcome.
This was achieved by the use of high manganese contents, as we know, coupled
with technological progress in the art of extraction which enabled an inherently
purer metal to be obtained in the first place.

In assessing the results obtained by the U.S. investigators and comparing
them with those derived from work in this country, it is essential that the true
perspective of the problem be preserved. Maximum corrosion resistance is
justifiably assumed to be bound up with high purity (ample evidence is avail-
able in other fields of metallurgy to support this statement) and this, in turn,
makes for greater ease of control in the final composition of an alloy. [If, how-
ever, Fox and Bushrod erred in the conclusions they drew from their research,
it is certainly not to be inferred that their high-manganese alloys have a low
resistance to corrosion, though this may be inferior to that of the metal of
Hanawalt and Nelson.

Again, if it be necessary to guard against the misinterpretation of salt-spray
data, so, equally, is it needful to be wary of generalizing on the basis of
individual field tests. The magnesium-alloy boat, for instance, so outstand-
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ingly successful in prolonged fresh-water trials in U.S.A., would have to
be put to the test on our own lakes and rivers before it could be judged
as a satisfactory proposition for use in Great Britain. Hanawalt himself
recently made this point quite clear. .

However much argument may centre around relative degree of attack,
development of the magnesium-base alloys has now reached that point when
it may safely be said that, high-purity base or high manganese, in either case
corrosion resistance to normal atmospheres and fresh water is good— better,
in fact, than that of the mild steels. The fact having been accepted that
surface attack does take place, whether the material we are using be steel or
magnesium, its significance is, as a rule, tacitly judged in the light of the
section thickness concerned. Steel sheet of the subtance normally used for
tinplate manufacture has a relatively short life on exposure to urban atmo-
spheres; 10-gauge steel will rust equally heavily, but has a life of many years
even in the entirely unprotected state. Similarly, an ultra-light-alloy casting
exposed to the normal hazards of our climate is found to be attacked with
extraordinary slowness, and will probably last for years without any serious
deterioration in its strength properties.

Such being the case, there would appear to be every reason for adapting
here the procedure current in U.S.A., namely, the stipulation of alloys on a
super-purity base where forgings or rolled or extruded products are called
for, whilst castings and less critical forms (usually of heavier section) could
safely be cared for by the high-manganese compositions- A "bi-metallic”
system of this sort would provide a ready made means for coping with
the "secondary magnesium” problem, should it ever arise in this country.

It is refreshing to find that the "prejudice of ignorance,” so commonly
exhibited here in less-well-informed circles regarding the corrosion stability
of ultra-light metal, is not confined solely to this island: visitors to the U.S.
exposure stations, we learn, are frequently surprised to find "how well
magnesium stands up to the atmosphere” ! Tradition dies hard. We look
forward to the inauguration, one day, of an intensive campaign to drive
home the final nail into the coffin of the corrosion bogy; maybe the ghost
of "inflam mability” could be finally laid at the same time. Both still tend
to pop up in the most unexpected quarters, as even Dr. Dow himself, we
believe, once admitted-
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PRESSURE D

Answering Criticisms

Conclusions Drawn

J. L. Erickson in This

LIGHT METALS

of his
From These)

Reply Enlarges on his

471

I E CASTING

Investigations (and the

by E. Carrington,

Own

Explanation of the Mechanism of Metal Flow and Gas

Entrapmentin Pressure Dies.

Carrington’s Interpretation

of the Results Obtained by Certain Continental JCcorkers

is Also

NDER the title " Commentary on

Pressure Die-casting,” Carrington
in " Light Metals ” 1945/8/342
presents certain observations on my
paper " Pressure Die-casting,” which

appeared in ” Light Metals ” 1945/8/173.

Carrington states that he read, and
carefully re-read, my account, yet, despite
this effort on his part, he has failed to
comprehend the purpose of the experi-
ments | described. Even more inexcus-
able is the fact that he misinterprets the
work of other researchers such as Fromer,
Brandt and Koster and Gohring, whom
he cites in an effort to refute my con-
clusions.

It is my candid opinion that Carrington
should have confined his commentary
merely to calling attention to the presence
of typing errors in my original paper.*

* (i) " Light Metals,” April, 1945 p. 1s2
column j. The sentence, " The type A testbar
thus made is similar to the standard commer-
cial pressure die castings where all of the air is
trapped as it is made with a small gate," should
read: " The type A testbar thus made is similar
to the 'Standard commercial pressure, die casting
where all of the air is trapped and it is made

with a small gate.”

(2) " Light »Metals,” April, 1945 P- 14
column 1. "The sentence, " These two testbars
were sectioned one in the gauge length and one
in each %I‘Ip section,” should have read: ” These
two testbars were sectioned once in the gauge
length and once in each grip sectign.”

f ) i_l ht Metals," April, - O,
column he sentence, " The results of this
type of shot showed that when the air is forced
out of one cavity CDE, into the other cavit
GHI, the testbars® B' made in cavity GHI . . . ™
should have read: “ The results of this type of
shot showed that when the air is forced out of
one cavity CDE, into the other cavity GHI,

Questioned

the testbars B' made in cavity CDE . . .

” Light Metals,” q\prll, 945 p- 185
column 1. The sentence, " The results of the
type shots B-B', C-C', and D' raised the question
as to whether the superior qualities of the B',
C', and D' testbars resulted solely from the fact
that the metal which composed them solidified
in a pre-heated die cavity, i.e., due to a more
Eronounced temperature gradient . . . ” should
ave read: " The results of the type shots B-B',
C-C', and D' raised the question as to whether
the superior qualities of the B', C' and D'
testbars resulted solel(}/ from the fact that the
metal which composed them solidified in a pre-
heated die cavity, i.e., due to a less pronounced
temperature gradient . . . ”

He, Carrington, criticizes the experi-
mental procedure described, and asserts
that there is no justification for my hav-
ing drawn the conclusions recorded. In
particular he questions:—

(1)
filled with molten metal in the manner
stated in the article, f

t Carrington writes:—

_(a) ” There is no justification for the assump-
tion that the metal” will enter the gate | as a
wide, even stream, and will act like a liquid

iston.”

P (b% " - e - but it would appear that too
much is taken for granted, as to the way in
which the metal will fill it.” . .

(c) " Another point connected with the die
shape which Erickson has ignored is the butt,
and the runner between the butt and the first
testbar. Before the metal is actually injected
by the piston there is quite a lot of air beteveen
it and the mould proper. If there are corners
and changes of direction in this part of the die,
turbulence will take place before the metal
enters the testbar cavities.” . .

d) " Brandt carried out experiments which
suggested that the metal does not flow in a
parallel-sided stream, as suggested by Frommer.
He savs that the direction of flow is essentially

The fact that the die cavity CDE
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maintained, but the metal spreads until it con-
tacts the walls and keeps on flowing until it
reaches the farthest part of the die. "The rate
of flow is reduced, due to the spreading and
the resistance of trapped air. This method of
flow would also leave a pocket gf air at the
entrance to Erickson’s first bar.

(e) " Here it is stated that the first bar,
B', ’is cast after the main air mass, which fills
the cavity CDE before the metal enters, has
been compressed into the second cavity GUI.
This assumes that the metal acts like a liquid
piston andLlpushes all the air before it. Koster
and Gohring have shown quite conclusively that
this is not so, and while most of the air will
have been pushed forward, it is probably
incorrect to say that the metal in the cavity
CDF. solidifies with much less chance of comin
in contact with air than does the metal whic
makes bar B.” o .

f) " In view of the objection which max be
found to the assumption that any bars have
been cast 1lin the absence of air,” and to the
way in which bars have been tested as if they
represented tne results obtained under certain
conditions when actually 60 per cent, may have
been scrapped because of porosity, It is impos-
sible to agree with the conclusions drawn.”

(@) " . . . in none of the shots was the air
able to escape, and in view of the photographs
of Koster and Gohring all would contain” some

(h) " How can it be said that any of the bars
was cast “in the absence of air > when in every
case the mould was full of air and there were
no vents ?" . .

(i) " Here again the assumption is made that
all the air is compressed in the runner F, and
that the bar is presumably free from air.”

j) ” While the B' bar might contain air
because of the action of centrifugal force on
the metal between the butt and the first test-
bar cavity, causing it to run on the outside of
the curve only, and thus to allow air to remain
on the inside, with the E bar the air would be
left in the first mould [CDE] because of the flow
of the_metal through a small gate as shown in
Figs. 5 and 6.

2) The sensibleness of discarding
of the testbars which were shown to
possess unsoundness in the gauge
length*

*Carrington writes: —

(a) “ This is most surprising. Testbars were
made by different methods in order to see what
kind of bars were obtained, and then all the
doubtful bars were discarded. This defeats the
whole object of the experiments.”

Sb) ” Surely_all the bars should have been
tested, and their conditions reported on, in order
to obtain a general idea as to the castings to
be expected under each set of conditions.”

() “ The scrar()jping of poor bars is a most
serious matter an maﬁ have given an entirely
wrong impression of the whole of the experi-
ments.”

(3) The sensibleness of not employ-

LIGHT METALS
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ing vents in the making of some test-
bars. f

t Carrington writes:-—

(&) ” One of the ways in which attempts are
made to obtain castln‘gs free from porosity is
said to be the use of 'heavy and abundant
straight vents,” and yet, although these are very
often used in practice, no attempt is made to
use them in these experiments.” .

(b) " Later, Erickson explains defects obtained
on heat treatment with castings made by high
pressure, and castings with overflow, but does
not mention those made with good venting.
This omission seems really important.” .

&c) " In describing the Expes of possible
testbars, under types A' and A, type A’ is said
to have no escape for air, and to be quite similar
to those made commercially in general practice.”

4) The fact that testbars which were

shown upon heating to contain gas were
called radiographically sound.|

t Carrington writes:—

(&) " Frankly, if castings which we know to
contain gas appear radiographically sound, it is
time that we either changed our radiographic
technique or stopped using radiography.”

(b) ™ It is suggested that a bar be prepared
from wrought material and radiographed with
each_ batch of experimental bars in order to
provide a standard.”

f1) Mechanism of Die Fill

Carrington is correct in believing that
certain of my conclusions would be open
to question provided the cavity CDE had
not filled in the manner stated in
my article. He has, however, failed to
demonstrate that the description in my
article of the manner in which cavity

allcpE filled is not an accurate description

of how the die actually did fill in use.

My article contends that the die cavity
CDE was filled by a ray of molten metal
having a front whose cross-sectional area
is equal to the cross-sectional area of the
cavity CDE, and that in filling cavity
CDE the metal forced the air present in
the cavity CDE and the air present in the
runner ahead of it leaving no air behind.
(See Fig. 2))

Carrington does not believe this to be
the way in which the cavity CDE filled.
It is his opinion that this manner of fill
did not occur. To support his belief he
presents: (1) a diagram illustrating the
manner in which Frommer states a given
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mRunner m

Metal Raj—»

Where Qo-tc would
ordinarily be located

LIGHT METALS 473

D »

mCDE. Test bar Cavity

d ; D*“diameter of cavity C and.

<=*diameter* of incoming metal ray

Fig. 1—Interpretation by Carrington of mechanism of entry into the CDE cavity by
the incoming stream of molten metal.

die cavity is filled, (2) a mention of
Brandt’s researches, and (3) a series of
photographs taken .by Kéoster and
Gohring illustrating the manner in which
Wood’s metal under pressure filled glass
dies. Carrington calls attention especi-
ally to the findings of Kdster and Gohring,
adding that | assumed “ that the metal
acts like a liquid piston and pushes all

the air before it,” while ” Kdoster and
Gohring have shown quite conclusively
that this is not so. . An attempt

is made by Carrington to support his
belief that the cavity CDE was not filled
in the manner pictured in Fig. 2, but was
filled in a manner similar to that shown
in the illustrations of Kdster and Gdéhring,
namely by a narrow metal ray which shot
through the die cavity CDE, a ray having
a cross-sectional diameter less than the
cross-sectional area of the die cavity CDE.
(See Fig. 1)

It is wunfortunate that Carrington’s
“ careful reading ” of my article did not
reveal to him the fact that the gate |
was of a cross-sectional area equal to the
cross-sectional area of the grip end of the
testbar cavity CDE, for had he noted this
fact he .might not. have been so quick
to assume a similarity existed between
the filling of the cavity CDE and the

cavities shown in the pictures of Koster
and Gohring.

In the case of the filling of the die cavity
CDE, the metal flowed through the runner
into the grip end and on up the gauge
length without passing through a gate
in the true sense of the word. Whilst in
the case of the filling of the cavities
shown in Koster and Gdohring’s illustra-
tions, the metal entered the cavity
through an orifice having a cross-sectional
diameter much less than the cross-
sectional area of the cavity. Naturally
where the orifice diameter, d, is smaller
than the diameter, D, of the cavity and
the velocity of injection is high the metal
will shoot into the cavity as shown in
Fig. 3, diagram A. In my experiment
when a small gate was employed at 11l
the cavity GHI filled in a manner con-
sistent with the findings of Koster and
Gohring and the predictions of elementary
hydrodynamics.

Where d = D, as in the filling of the
cavity CDE, the cross-sectional area of
the incoming metal ray d1 equals D,
therefore the die cavity fills as illustrated
in Fig. 2 and Fig. 3, diagram B, and
Carrington is in error in assuming the
cavity CDE filled as illustrated in Fig. 1.
Therefore much of his refutation of my
conclusions is without substantiation.
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Fig. 2—Interpretation by Erickson of mechanism of entry into the CDE cavity by the
incoming stream of molten metal.

(2) Discarding Defective Testbars

Carrington is very definite in his denun-
ciation of the fact that .. . all the
doubtful /bars were discarded.” Indeed
he emphatically states, “ This defeats the
whole object of the experiments.” Had
he read just once more* my sub-title or
my opening paragraph, or the section of
my article entitled *“ Purpose of the
Experiment,” | feel certain he would not
have made so careless a statement.

* Carrington says he gained his impressions of
my paper after " careful reading and re-reading.”

In the first place the purpose of the
experiment was to determine whether or
not certain die-casting alloys, when cast
into a sealed die cavity containing con-
fined air, would exhibit physical proper-
ties different from those exhibited by the
same alloys cast in a similar die cavity
containing no air.

It was after a mathematical considera-
tion of the value of vents in aiding air to
escape from commercial die-casting dies
of several kinds that | concluded vents to
be of little value in many instances. Also,
| was convinced that frequently in the
operation of many commercial dies the
vents became sealed before they could
properly affect the escape of the air. The
following question then seemed in need of

an answer: Does trapped air in any way
affect the solidification of the molten
metal within the die cavity? The experi-
ment described in my article was an
attempt to answer this particular question.

Still another question seemed to need
an answer: Might it be the case that
castings made by injecting molten metal
into a die cavity filled with confined air—
castings which on radiographic examina-
tion failed to evidence trapped gas
porosity—-were of a quality inferiorto cast-
ings /made by injecting the molten metal
into an evacuated die cavity? This ques-
tion | thought needed to be answered as
it is the case that many commercial die
castings are made in a similar fashion,
i.e., the air is trapped within the die
cavity and subsequently compressed to
such a degree that it either occupies a
very small volume locally or it is com-
pressed and dispersed throughout the
whole metal mass. Indeed the ideal con-
ditions of the so-called pre-fill injection
system (where the air is completely
forced out of the die cavity) are seldom
realized in commercial practice.

It was obvious from what was stated
in my article that | was not interested in
discovering a newr way to gate a testbar
or a new way -to produce porosity-free
testbars. | was interested simply in learn-
ing the comparative physical properties
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Fig.3.—Diagram A shows the mechanism of filling of cavity ODB when incoming metal

is forced to pass through a small gate.
diameter of the CDE cavity.

Here the diameter of the gate is less than the
Diagram B shows mechanism of filling of the GAB

cavity when incoming metal is forced into the CDE cavity without having to

through gate.
cavity.
shown in diagram B in this illustration.

Here the diameter of the gate is equal to the diameter of the ODE
In Erickson's experiments the cavity CDE is similar to the cavity ODB, as
It is not similar to cavity ODB, shown in

diagram A, as ODB in diagram A is provided with a small gate.

of metal cast in the presence of trapped
air and metal cast in the absence of air.

In the course af performing the experi-
ment many testbars were made which dis-
played porosity when inspected by the
ordinary radiographic methods prescribed
by government specifications.

Those testbars w liich contained
“ detectable ” gas porosity, or other
detectable defects, were discarded, for

had they been used to obtain data, as
Carrington states they should have been,*
a meaningful comparison between the
testbars cast in one way and the testbars
cast in another way could not have been
obtained.

* He states: " Surely all the bars should have
been tested, and their conditions reported on,
in order to obtain a general idea as to the
castings to be expected under each set of
conditions.”

To illustrate this point let us take a
hypothetical example. Suppose we have
two groups of testbars, both groups are
of the same alloy and both groups have
been cast in the same manner, except that
one group was cast in a sand mould and
one in a chill mould. We desire to learn
which type of mould produces the most
desirable type of micro-structure as
regards strength properties. To do this

we must compare the strength of testbars
from each group. However, we must
make certain first' that the testbars we
use to obtain our data are not host to
defects, else we will get a false picture
of the strength properties of the metal
making up the testbars. All testbars
host to defects must not be used, else that
particular group to which they belong
will seem to be made up of testbars whose
microstructures are more inferior as
regards physical properties than they
actually are. If we merely wanted to
determine which group, that made up of
chill-cast bars or that made up of sand-
cast bars, contained the most superior
testbars we would use all the testbars to
obtain our data. In so doing we might
discover that the sand-cast testbars were
superior in strength properties to the chill-
cast testbars; however, this result would
not be an indication of which type of
microstructure was the better as regards
strength properties, due to the fact that
our results might have been influenced
by reason of the chill-cast bars becoming
host to excessive porosity whilst the sand-
cast bars were non-porous. To obtain a
fair comparison of the true strength pro-
perties of the metal itself comprising the
testbars it is necessary to test only
porosity-free testbars.
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This illustration should explain why in
my experiment defective testbars were dis-
carded and not tested to obtain data.
Instead of trying to determine whether
chill or sand moulds produced castings
having the most superior microstructures
as regards strength properties, my experi-
ment attempted to determine whether the
presence of air in the die cavity or the
absence of air produced castings having
the most superior microstructure as
regards strength properties.

The results of my experiments, of
course, showed clearly that there was a
pronounced difference in the strength
properties of the microstructure of test-
bars cast into die cavities containing con-
fined air and the microstructure of test-
bars cast into die cavities containing no
air. It is unfortunate that Carrington
failed to realize that the admission of the
results of defective testbars would have
defeated " the whole object of the
experiments.”

(3) The Failure to Employ Vents

Carrington displayed regret that | did
not employ vents in making the testbars
used to obtain my data.*

* He states: “ No .attempt is made to use
[vents] in these experiments.”

No vents were employed because none
was needed. Vents are employed com-
mercially to effect the escape of air con-
fined in the die cavity, runner, butt, etc.
In the experiment | described, the air
was purposely confined and not permitted
to escape. To vent the cavity GHI would
have been to " defeat the object of the
experiment,” which was, of course, to
determine the effect of confined air on
the metal cast in its presence under
pressure.

Carrington remarks, “ Later, Erickson
explains defects obtained on heat treat-
ment with castings made by high pres-
sure, and castings with overflow, but does
not mention those made with good vent-
ing.” | fail to perceive why Carrington
should be so concerned. Does he
believe that | indicated that good venting
would not have made possible successful
heat treatment? If so, let me state that

October, 1945
in my opinion good venting of the cavity
GHI would have tended to produce a
more heat-treatable testbar than it pro-
duced without the aid of vents, provided,
of course, the vents were properly placed.
No testbars employing vents were made
because the purpose of the experiment
was not to determine the effect of the
presence of vents.

(4) Radiographic Inspection

Carrington is concerned over the fact
that radiographic inspection failed to
reveal the presence of gas in testbars
which were later shown to contain gas
as evidenced from the fact that they deve-
loped internal and surface blisters during
heat treatment. He calls attention to the
fact that | said “ that castings made with
a very high pressure but with neither
overflows nor venting, were ' radio-
graphically sound,”” and adds a state-
ment | don’t believe he would seriously
hold to, namely, Frankly, if castings
which we know to contain gas appear
radiographically sound, it is time that we
either changed our radiographic tech-
nique or stopped using radiography.” The
purpose of radiography has never been to
detect the presence of gas in cast metals—
it has been rather to detect the presence
of porosity. Radiography is at a loss to
detect the presence of a gas in a metal.
Radiography can, however, detect a pore,
but never a gas. Radiography in my
experiment was employed solely to detect
porosity, never the presence of a gas. A
dissolved gas in cast aluminium is not
revealed on radiographic inspection. Nor
can radiography reveal the presence of
adsorbed gases.

I thought it important to call attention
in my article to the fact that a testbar
may evidence no porosity when inspected
by ordinary radiography, and yet when it
is heated blisters may form on its surface
and in its interior—important because
often an attempt is made in commercial
die casting to compress and disperse the
trapped gases with the aid of high pres-
sures. The absence of microscopic
porosity is, however, no guarantee that a
casting is heat treatable. At first |
thought that such blisters were caused by
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the evolution of dissolved gas at elevated
temperatures. X-ray diffraction studies
showed, however, that no dissolved gas
was present. Micro-radiography, on the
other hand, revealed the presence of ultra-
fine, evenly distributed micro-porosity.

I must apologize for not making it
clearer in my article that what | meant
by a testbar being " absolutely free ”
from porosity was: a testbar absolutely
free of any macroscopic porosity detect-
able by the ordinary radiographic pro-
cedures called for in standard X-ray
inspection practice.

Carrington suggests " that a bar be pre-
pared from wrought material and radio-
graphed with each batch of experimental
bars in order to provide a standard.
This indicates that he was left with the
impression that no standard was employed
in the radiographic inspection. Permit
me to assure Carrington that the entire
radiographic procedure was conducted in
accordance with government specifica-
tions employing the recommended
penetrometers.

A Reply to Other Remarks
Carrington says, "it is again surpris-

ing to find that pressure die castings
‘must be absolutely radiographically
sound.” In this country the Air Ministry

classifies all pressure castings as Class 111,
and none need be radiographed, because
they would not be expected to appear
radiographically sound. They are, of
course, quite suitable for the purpose for
which they are used, as a little rough
work with a hammer will soon show.”

First, let me assure Carrington that in
America Class I* pressure die castings are
to-day commonplace.

* Specification AAF-No. 11347.

Microscopic porosity-free aluminium-
allov die castings are no longer a goal in
U.S.A.—they’re a fact! It was true in
America for a long time that die castings
were considered unsuitable for stress
parts. To-day, however, as a result of
the demand for large numbers of light-
weight stress parts, Class | aluminium-
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alloy die castings are a fact. The die-
casting industry rose to the need with the
required quality product.

Carrington goes on to state that he
"*would certainly like to see pore-free
pressure castings,” and that "all those

which he has examined were porous in*the
middle, although the pores in castings
made by a cold-chamber machine can
generally only be seen under a micro-
scope.” Hundreds of thousands of alu-
minium-alloy porous-free castings have
been made in America. It seems odd that
none can be found in England for
Carrington to examine!

As regards Carrington’s statement, "A
large gate is used [in the pre-fill injection
method of die casting] in order to allow
this pressure to be applied,” let me say
that | have always considered the reason
for the use of a large gate to be that it
decreases the velocity of the incoming
metal ray and thereby decreases its
impact on the cavity wall thus decreasing
splashing and turbulence and conse-
quently reducing the chance that splash-
ing metal will seal off any vents if
employed.

Carrington intimates that | advocate the
employment of "buildmg machines with
mounting injection pressures.” The fact
is that | said nothing about what I
believe is the best pressure die-casting
procedure.

For Carrington’s information the vari-
ous gases employed in an earlier
experiment of mine were all free of water
vapour. It is not stated that the gases
were not dried prior to use as Carrington
suggests.  (“ It would be instructive to
try ‘air’ with increased oxygen, and
pure nitrogen. One important point
regarding these gases appears to have
been missed: that is their moisture con-
tent.”)

Carrington asks, " ... how is it pos-
sible to know that there were no cold shuts
present in either of the bars? ” | never
said it was possible.]” If a cold shut had

t Although it is. See X-ray Micrography as a

Tool for Found{%ontrol, Leslie W. Ball, Trans.
A.F.A., June,
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showed up in the fracture of a tested bar
the result of that particular bar would
have been discarded.*

*Less than o.i of i per cent, contained cold
shuts.

Carrington writes in reply to my remark
(namely, *“ the presence of trapped air
within the die cavity affects the metal
which is forced to soldify in its presence
in such a way that heat treatment of the
cast metal is not feasible”) that it is
“ hardly possible to draw such a conclu-
sion when a non-heat-treatable alloy was
used.” Now it was clearly stated in my
article that “ no testbars were heat treated
forthe purpose of improving their physical
properties.” Heat treating was merely
done to determine the effect of various
casting conditions on the formation of sur-
face blisters, internal porosity, and
dimensional distortion. When | stated
that certain test bars were not heat treat-
able, that is, they did not lend themselves
to successful heat treatment, 1 simply
meant that they blistered, etc., when
heated. It is obvious that, regardless of
the nature of the alloy employed to make
a casting, if a casting blisters upon heat-
ing it does not lend itself to heat treat-
ment, that is, it isn't heat treatable. I'm
inclined to believe that the blister forma-
tion is independent of the alloy employed.

| thought it would be interesting to
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learn whether this waiting period had any
effect on the ultimate properties of the
metal when it was die cast. As to the
validity of your statement, “ Under such
conditions, when neither oxidation nor
gas absorption can take place . . .” |
have yet to see that hypothesis conclu-
sively verified. |

f 1 refer you to theJ)apers listed in my biblio-
%/Iraphy which followea my paper in the " Light

etals,"” Agrll, 1 issue under the headings:
Diffusion, Gases Present in Al, Adsorption and
Sorption, and Origin in Al

I am indebted to Carrington for calling
the attention of the readers of “ Light
Metals” to certain typing errors in my
paper and for his hope that I can con-
tinue my investigations in the field of
pressure die casting.
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For Carrington s reply to the above discussion see p. 515.)

CORRESPONDENCE

PRODUCED_ below will be found corre-
pondence on Erickson's paper.

“ 1 Have just finished Mr. Erickson’s article in‘the
April, 1945, issue of ‘Light Metals,” entitled ‘Pressure
Die-casting.” and take the liberty of writing you with the
request for clarification of a certain item.

“ 336 alloy with very low iron was used in the tests, but
no information is given as to whether these test-bars
were tested as cast, how soon after casting, or artificially
aged. This material is very highly susceptible to air
ageing and hardens considerably during the process.
We found that ageing die-cast 356 alloy test-bars and
castings at about 155 degrees C. for a couple of hours
increased the tensile properties and decreased the
elongation. Can you shed some light? 356 with very
low iron seems to be rather unpopular amongst the die-
casters on account of the tendency of the metal to stick
to the die. What has been Mr. Erickson’s experience?

“ Mr. Erickson’s article is extremely interesting and it
is particularly pleasing to me. because it furnishes some
additional proof for some of the claims that 1 have made
for quite some time in the face of very strong but

gradually diminishing opposition that the best physical
and structural properties of die-castings are possible onlv
with large gate and relatively slow injection speed, so as
to prevent splashing of the metal and air absorption.

" 1would like to see the article enlarged to take in the
effect of large gate and modern injection speed on
properties and structure of castings themselves, especi-
ally where the section is changing from heavy to thin and
where the metal has to traverse relatively long distances
between narrow metal walls."—o . Bascii (G.E.C., U.S.A.).

In reply, the author writes as follows:—

“The test-bars were all cast and the tensile tests
performed within 24 hours after the time of casting,
without expansion.

“Concerning the tendency of 356 alloy of low iron
content to stick to the mould, 1 can only say that in
preparing the test-bars 1 noticed no such tendency.
W hether this alloy would have been likely to stick if cast
in some other shape than that of the test-bar 1 employed
| cannot say. as Western Die-Casting Co. seldom received
orders requiring the 356 alloy. Where this material was
called for, the grade employed had a much higher alloy
content."—j. L. Erickson.
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Light Alloys in

R ectifiers, P h o to ce lls

an d C ondensers

Continuing from *“Light Metals,* L 2>a Discus-

sion on Impregnating Mediafor

Attention is Directed to Chemi

Fixed Paper Condensers.

cal Properties in Relation-

ship to Metal with  Which They Come into Contact

HE ready-compounded mixture of
T paraffin and carnauba waxes can be
purchased to specification commer-
cially. Three samples from different
sources are characterized in Table 65.
An American specification for paraffin
wax for the impregnation of paper con-
densers calls for a

material of nominal Table 65.—Characterist
melting point 133/ Impregnating Wax Mi
136 degrees F. with Paraffin Wax of Melting
the following Addition of 2-3% of
gu_allty character- Source
istics :—
(a) The wax to Saole No

be free from low '

melting - point - L

fractions. ﬁscpdo\rrl\ltrepnr?ﬁmr%onl( gm.

(b) The melt- S¥onfiggion valle, rigrs.
ing point to be  Melting range, °C
130 degrees F. %%thic
minimum when E'g,‘g’{ﬁ}gpo'”t C.

determined by  Structure
the cooling
method as fol-
lows. The

melted wax is placed in a 1-in. diameter
boiling tube to a depth of 2 ins. The
tube is fitted with a cork carrying a
thermometer, which extends centrally
into the wax, and a stirrer. The tube
is carried in a conical flask to serve as

maximum 0.05, expressed in terms of
mgms.KOH/gm., or alkalinity max.
0.10 expressed in terms of mgms. H 2SO.i
per gm. of wax. The values are deter-
mined on a water extract using N/100
sodium hydroxide or N/100 sulphuric
acid for the titration for acidity and

alkalinity re-
ics of Condenser spectively.  The
xture Comprising water extract is
Point 55°C. with obtained by
Carnauba W ax. Weighing from

5 to 10 gms. of

A B ¢ wax and boiling

1 2 3 with 250 ml. of

neutral distilled

ool 00l o water for two
02 02 0Ah hours in an
21 14 17 Erlenmeyer flask
5450 5459 5460 under reflux.
% 554 % The titrations are

Crggm Crggm Or%%m performed hot,
Hnely Hrely Hrel above 80 degrees
C(Yisrtér_ e fine C., using phenol

phthalein as in-
dicator, shaking
continuously and reheating, if neces-
sary, to keep above 80 degrees C.
(d) Specific gravity to be approxi-
mately 0.90 at 20 degrees C.
(e) The wax to be free from water.
The following clauses are typical of

an air jacket. Cooling is recorded by specifications used in this country:—

temperature readings (to 0.1 degree F.)
at half-minute intervals until well below
the melting point of the wax. The
melting point is interpreted as that tem-
perature at which the readings remained
constant for at least three readings.

(c) Neutrality limited by acidity

(@) The material required to be a
refined petroleum wax, free from liquid
hydrocarbons, unsaturated hydro-
carbons, and all extraneous matter.

(b) The melting point to be 55-
58 degrees C., determined by the cool-
ing curve method.
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Table 66.—Laboratory Characteristics of Refined Beeswax, Yellow and W hite.

Sarrple No. 1 2 3
Grade White  White  White
Coilour White LyglrlrgqN
Acid value

mgms. KOH/gm. 89 132 24
Ester value,

5. KOH Vgn 779 84.8 us

Saponification value,

. KOH/gm. 86.8 8.0 106.9
ooy o 09 090
Nbrl]tmg point, °C. 6L 6.5 62

?'n?:meratlm % 0.01 00 0.0L

Refractive |ndex
1.440

(c) Ash on incineration to be

than 0.001 per cent.

4

White

ytow  yalw

132

78.8

2.0
0.968
&4
0.0L

less

(d) The wax to be free from alka-
linity and free from inorganic acid.
The total acidity not to exceed 0.0030,
expressed in terms of mgms.KOH/gm.

(e) Saponification value to be 0.0030
max. expressed as mgms.KOH/gm.

(f) Volatility, determined by heat-

ing a 10 gm. sample in a 3-

aluminium dish for four hours
135 degrees C., not to exceed 1.0 per

cent.

in. dia.

at

(g) Total sulphur content not to

exceed 0.05 per cent.

5 6 7 8 9
White  White  Yellov  Yellow  Yellow

Cream  White %’_ Brownish  Reddish

10.0 8.2 17.8 22 04
&5 8.2 n.7 67.8 74.9
%5 914 975 0.0 9%5.3
0.962 0.958 0.964 0.970 0.969

6.5 64.5 64 6l 62
Trace Trace 0.2 0.04 00L
— 1442

(h) Specific gravity at 15.5 degrees
C. to be between 0.880 and 0.900.

(i) Flash point (close) not to be less
than 200 degrees C., and fire point not
to be less than 220 degrees C.

(Jj) When 3 gm. of wax is heated
with 3 ml. of concentrated sulphuric
acid on a water bath at 100 degrees C.
for six hours, the degree of darkening
in colour shall not exceed a light brown
or straw.

(k) When heated on a water bath at
100 degrees C. for six hours with a strip
of clean polished copper, half-
immersed, ho staining, discoloration

Table 67.— Effect of Heating Beeswax with Metal In Open Glass Vessels for 14 Days at 110°C.

Type of beeswax Metal
Brown None
Brown Copper turnings
Brown Copper strip
Brown Iron powder
Brown Steel turnings
s, (PRSI TS
Brown Nickel turnings
Brown Zinc powder
Brown Lead strip
Brown Tin turnings
Bleached None
Bleached Copper strip

Acid value after 14
at_ 1]0°C

. K

130
116

9.3
190
10.0
180
17.0
148
13.0

70
190
113

gm.”

Other effects

Wax rather more brown

Colour of wax dark green due to copper compounds
Colour of wax dark green due to copper compounds
Colour of wax dark brown

Colour of wax almost black

Colour yellow, rather lighter

Colour yellow, rather lighter

Colour unchanged

Colour unchanged

Colour of wax darker brown

Colour of wax brownish yellow

Colour of wax dark green due to copper compounds
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Table 68.— Laboratory Characteristics of Refined Ceresin W axes of Electrical Quality.

Sarrple No. 1 2 3 4 5 6 7
Col Whit Cream Light Broynish ~ Yellowish ~ Greenish Brown
oy e yellaw  alaw boanyelow
Acidity. mrjttlﬁs KOH gm... 0.060 0.065 0.040 0.0r1 0.(%13 0.044 0.(}?8
Saponification value Nl Nl Nil Nil Ni Nil Ni
Volatlllty &o& n m%smm
°C.
Inshgr ((i}g.talumnlum 1 164 213 225 160 242
A Peireention R il Rl 6% o 0% 000
Specuﬁcgravnyat155°c 0.8%4 0.8%2 090 0.9 0.904 0.906 0916
Melting point,” 5 5 &0 6L (3] i
or corrosive attack on the copper shall but this requires defining, and rarely can
occur. regular deliveries be assured below
(1) When heated on a water bath at 0.03 percent. _ _
100 degrees C. for six hours with a piece If the paraffin-wax mixture is pur-

of clean, bright aluminium foil, half- chased, that s containing additional
immersed, no staining, discoloration or agentsuch as jelly or carnauba wax, then

corrosive attack on the aluminium shall ~ the specification can be along exactly the
occur. same lines, with the following additions
(m) The material shall be supplied or modifications:—
in cakes, free from water, straw and (a) Composition—the percentage and
extraneous dirt, and protected in trans- nature of addition agent to be stated,
port by packaging, packages to consist limits suggested 2.5 per cent, min,,
of wooden cases lined with heavy 3.5 per cent. max.
waxed paper. (b) If carnauba wax is permitted,
When double refined or special refined acid value to be increased to 0.12 max.
material is stipulated, specifications can- (mgms. KOH/gm.), and saponifica-
not be much more arduous than the tion value to 0.30 max. (mgms.
above. In them, sulphur content is KOH/gm.).
sometimes stressed and required to be nil, Regular inspection of consignments of

Table 69.—Characteristics of High Melting Point Hydrocarbon W axes of Petroleum Origin.

Source.. A B C
Sarrple No. 1 2 3
Colour .. . . Brownish Yellow Yellow
Structure All ﬁ ro-%}?lllne and slightly
Ash on |rx:|nerat|on % NII
Acid value (HB 0 03
Saponificati n&?ﬁn KOH.gm. NI Trm Traces
Benzene insgluble 0.03 0.05 0.06
on heating 4 hrs. at 135°C in open aluminium dish of 3 irs. da., % 0.04 0.08 0.06
Meltl 3 72 70
i gr"éwi?/ 107 103 106
% cal (é)er‘l}djctlwty at 120°C. in micro-microhrs.: ol 05 o1
21 days in open vessel at 110-120°C... 04 20 06
Power factor tan Oat 20CC. after vacuumdrying at 100-110°C. for 2 hrs.:
at 50 &ds ............................................. 0.0001 0.0001 0.0001
at 1,000.000 cycles 0.0001 0.0001 0.0001

............................................. 23 23 235
aIl (II)cycIes ....................................... 22 2.3 235
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these waxes is essential, but is simple,
and no difficulty is encountered in main-
taining the desired quality when the
supplier appreciates that the material is
required for condenser impregnation.

Similar specifications can cover the
higher melting point paraffin waxes with,
of course, the limits of melting tempera-
ture adjusted accordingly.

For many years paraffin wax was the
only really satisfactorywax freely available
in quantity for condenser manufacture, but
the position has changed appreciably in
the past 10 to 20 years. Beeswax was
the chief electrical wax available to com-
pete with paraffin. However, this has
never been regarded as a suitable con-

denser wax on account of its lower
insulation resistance, and poor power
factor. It is very expensive and diffi-
cult to obtain in constant quality. It is

seasonal, obtained from many sources in
grades of varying characteristics; fre-
quently in short supply, and often adul-
terated with cheaper waxes and with
farinous material. Refined grades are
yellowish or white, and they can be con-
trolled by close specifications with respect
to acid, ester and saponification values,
gravity, refractive 'index, melting point
and ash value. Test results on different
varieties of pure refined wax are given in
Table 06. It will be seen that beeswax
is a fatty wax of high acid value. It is
not so stable as paraffin wax, has some
corrosive action on metals under process
conditions, and will rapidly green copper
in the presence of moisture.
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two grades of beeswax and their reaction
with metals under heat at 110 degrees C.
for 14 days. The results are of interest.
Both brown and bleached waxes were

used, these having the following average
characteristics:—
Brown Bleached
wax. wax.
Colour... Orange brown Cream
Melting point °C. 62 65
Acid value, mgms.
KO/ gin . 14.2 20.2
Saponification  value,
mgms. KOH/gm. ... 83.2 92.3
Ester value, mgms.
KOH/gm. 69.0 72.1
Acid/Ester ratio 4.9 3.5

The waxes, heated in glass vessels for
14 days at 110 degrees C., became some-
what darker in colour, and acidity
decreased a little (to 13.0 and 19.0 for
the brown and bleached waxes respec-
tively), indicating slight decompositional
change. Heated with various metals,
however, colour changes are markedly
increased, acidity changes becoming either
more pronounced or decreased as
shown in- Table 67. The best metals
for plant linings indicated by these tests
are zinc and lead. In practice the latter
is satisfactory, so is zinc if overheating be
avoided. Otherwise the zinc coating
flakes. Actually, iron or steel are exten-
sively used, but may promote much
darkening.

The ozokerite type of wax has always
been available for condenser manufac-
ture. It is a naturally occurring earth
wax, probably of petroleum origin, and

One simple investigation,' originated in its ordinary refined state is marketed
because of the marked discoloration of in various forms, wusually black or
beeswax in the processing tanks, studied greenish black, and not of very high

Table 70.—Physical Characteristics of Micro-crystalline High Melting Point Mineral
W axes compared with Beeswax.

TYPC Micro-crystalline high melting point mineral wexes Beeswax

Sarple No. 1 2 3 4 5 6 7 8
Micro structure, ilini Very fire Veryfire Veryfine Veryfinre Fre \Veryfie Fie Fne
Ueholce pﬁfﬂow. e e Y Ve g Wt B &

o pa a%/.be oC. A 8L 83 86 83 105 2 62
Vsoosﬂy 10°C. abo\/e melting

nt,” centipol 14 2 12 60 15 16 18 20

Speclﬁc gra\llty at ]5 5°C. 0.915 - — 0.918 106 0.966
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Table 71.—Chemical Test Values of Micro-crystalline High Melting Point Mineral
W axes compared with Beeswax.

TYPC.ee i Micro-crystalline high melting point mineral wexes Beeswax
Sarple No......... 1 2 3 4 5 6 7 8
Acid value nqg KOH/gm.. 0.50 0.03 0.06 05 0. 0.06 185
ficafion KOI-?/ 12 Traces  Traces 18 20 15 Nil RB5
shon mm@a&bs Strm 004 Tram Trom 010 O 01 Nil 6L
on copper r|§ 1
frg‘lrf 8 Nil Nil Nil Nil Nil Nil Nil  Greening
Themal dan extended
heer, test at 110-120°C.  in
i e
d &ecu uctB{
V\nmdra\m at inten/als
Values In micro-micro-mhos
2 0.3 04 0 59) 10 05 D
b 0.7 0.7 5 64 10 0.8 %
50 10 0.7 & [e¢] 40 12 115
% 0.9 A 104 110 15 120
pee 5 B BB B 2 o E
A % .............. & 16 11 140 1% 1,200 20 12/
purity. In more highly refined grades, first sight from the higher melting point,

it is referred to as ceresin. The ceresins
are very good waxes, varying from white,
through various shades of yellow, to
brown in colour. They are free from
saponifiable matter and quite low in
acidity, although not usually as low as
the paraffin waxes in this respect. Con-
tamination with mineral matter, as shown
by ash value, is very low. Volatility is a
little higher than for the paraffins, and
specific gravity likewise slightly higher.
Higher melting points are practicable, but
melting is not quite so sharp because even
in the highest melting grades, low melting
solid hydrocarbons are included. Detailed
characteristics of a number of these
ceresin waxes are given in Table 68
to illustrate these features. Contraction
during solidification is almost as high as
with the paraffins, as can be seen from
Table 62 (" Light Metals,” Sept., p. 460).

The ceresins have never been seriously
adopted for condenser manufacture, pre-
sumably because they are appreciably
more costly than the paraffin waxes, and
no benefit is derived in electrical charac-
teristics, nor from serviceability of the
resultant condensers. Lower temperature
coefficients for capacity, power factor and
insulation resistance would be expected at

but in point of fact this improvement does
not materialize. At the same time these
waxes are quite suitable chemically and
physically, they are free from crystal-
linity, are hard and dense without being
brittle, and are slightly tacky. However,
it is difficult to ensure continuity of supply
of a constant grade of material in suffi-
cient quantity.

A high melting point hydrocarbon wax
showing much improvement over the
paraffin waxes was made available about
15 years ago, and to-day similar materials
are available in quantity. The first of
these waxes produced was of petroleum
origin, and said to be produced by refine-
ment from wax residues trapped in petro-
leum oil pipe lines at the oil wells and

refineries. This wax was micro-crystal-
line in nature, pale yellow to orange in
colour, although *“ white ” grades could

be produced. Table 69 gives the charac-
teristics on some of these early waxes.
Ash  values are satisfactorily low,
acidity of low order (although not so
good as with the paraffins), and saponi-
fication value negligible. They are
almost completely soluble in benzene,
indicating freedom from non-waxy non-
hydrocarbons.  Volatility is very low.
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Melting point is sharp and between 70 and
75 degrees C. This apparently is the
cause of their particular attribute, viz.,
low temperature coefficient of electrical
characteristics. Specific gravity is natur-
ally higher than with the paraffins,
namely, about unity. Contraction during
solidification (see Table 62) is still high,
approaching that of the paraffins.

Some electrical values are also included
in the table. Specific conductivity of
these waxes is very low, and does not
increase materially during use in con-
denser processing. This is confirmed by
the low values after heating for 21 days
at 110 to 120 degrees C. Power factor
is low at the normal frequencies of 50
cycles and at radio frequencies of 1 mega-
cycle. Permittivity (dielectric constant
or specific inductive capacity) is the same
at both these frequencies and of similar
order to that for paraffin wax. This signi-
fies that the wax can be used in place of
paraffin without change in design of the
condenser (i.e., distance between foils and
area of foils can remain the same).

A wide range of high melting point,
micro-crystalline  waxes, is available
to-day, although it is not always obvious
from suppliers' descriptions whether they
are of petroleum or ceresin origin, or a
mixture of the two. Consequently it is
necessary to make a selection on the basis
of tests and practical trials. Table 70
shows the physical characteristics of some
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of these waxes against beeswax for com-
parison. It will be seen that melting
points range from 72 degrees C., which
is comparable with that of the early waxes
of this class, to 105 degrees C. Table
71 gives the chemical characteristics
for the same samples. Samples Nos. 2,
3 and 7 are equal to the original type of
material. The others show higher acid
values and some saponifiable matter, as
well as some measurable ash, but still no

discoloration of copper. Further, they
show measurable deterioration under
heat. Beeswax, as representative of the

natural fatty waxes, show's up adversely,
especially with respect to the corrosion of
copper under heat. Table 72 gives
electrical characteristics at lorv frequen-
cies (50 cycles), power factors for Nos. 2,
3 and 7 are outstandingly good, with
No. 7 still excellent at audio frequencies
(e.g., 1,000 cycles) and higher. Nos. 2
and 3 are still reasonable at these higher
frequencies, and so are Nos. 1and 6, but
the other waxes run comparatively high.
Permittivities of all of them are of similar
order, this holding good for all the fre-
quencies at which tested. Beesw'ax, as
before indicated, show’s up adversely.

If best stability and electrical charac-
teristics are required, choice is restricted.
If exceptionally high melting point s
specifically required, something has to be
sacrificed in these other directions. How-
ever, a melting point of 72 degrees C. is

Table 72.— Electrical Tests for Power Loss at 20°C. on Samples, After Conditioning Under
Vacuum at 100-110°C. for 2 Hrs., Micro-crystalline High Melting Point Mineral W axes, with
Beeswax for Comparison.

TYPC. et
Sarmple No 1
Power factor, tan<§ at 20°C.:
<5At 50 gydes 0.0003
At %ﬁ) (xx)w&jé?e Qe
Bose. - 88
At 1,000,000 &/dles 0.0007
Permittivity at 20CC. :
At 20 (x%cles 22
At 1,000 cycles 2
At 10,000 cycles

‘é@
&
E
R

Micro-crystalline high melting point mineral wexes

Soooo

Beeswax

2 3 4 5 6 7 8

0Nl 000l 0004 00005 0.0006 Q001 0.0025
0007 8’0006 8‘0008 8‘0009 8'0010 8‘0001 &
006 0.0004 000IT 0.0015 0.0009 0.0001 8%
0006 0.0008 0.002 0.0045 00006 0001 0.015
2% %‘Z‘f 240 244 23 %% -
5 7y A B 7 -
2% 2@ 28 24 23 2% -
23 240 24 L 2R 7% _
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Table 73.— Physical Properties of Some Chlorinated Naphthalenes.

Position
of.
chlorine

Derivative

QD

Mono chlor.

=}

=

Q
NN e
~OOLWO~NOYUIRWN

=

Q
N N e e i S A A e A A
LOLOISI COLELININ NN
OHUTIOHU100~IOXUTI00~NO U W

Tetra chlor.
Penca chlor.
Hepta chlor.
Qcco chlor.

ene tetra chloride,
IOHSCU......ccieeeann...

1234
12345
1234568
12,3,456.7,8

1234

probably satisfactory for most purposes,
if not all of them, provided the condenser
is mounted in the equipment away from
other components dissipating much heat.
Apparently, many of these waxes are
specially processed and anti-oxidants
included to minimize the development of
acidity during condenser processing. The
range of tests covered by the characteris-
tics tabulated is sufficiently discriminating
to detect any inclusion of this kind that
may be damaging. It should be pointed
out, however, that there are numerous
high  melting point “ hydrocarbon
waxes on the market, intended for pur-
poses other than electrical insulation, in
which the apparent melting point of the
paraffins or ceresins is raised by including
metallic stearates such as those of zinc or
lead. These are quite unsuitable but
readily detected by test. Thus, one such
wax showed a melting point of 94 degrees

Melting point

e EaBxassaen g

B B &5 B e2rlnetame
|

Boili int Bailing point
°Cat o
At pressure mm C.

|58

g
Bk Rue b
T R B B

[S20Nea

C. but insipient fusion at 77 degrees C.
and an ash value of 4.5 per cent. The
ash consisted of zinc oxide, which was
present in the wax as oleate or stearate.

An American specification for high
melting point mineral wax for the im-
pregnation of paper condensers stipulates
a material refined from crude petroleum
oils of Salt Creek origin, and one having
the following properties:—

(@) To be free from dirt and foreign
matter, and of uniform colour.

(b) Melting point to be not less than
183 degrees F. (72 degrees C.).

(c) Flash point to be not less than
500 degrees F. (260 degrees C.).

(d) Matter insoluble in benzene not
to exceed 0.20 per cent., when deter-
mined on a 10 gm. sample, dissolved by
heating with 500 ml. of benzene,.and
filtering through a prepared Gooch

H
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crucible. The residue on the crucible is material from that source. Typical of a
washed thoroughly with hot benzene, specification for the same material in this
dried at 100 degrees C. and weighed. country are the following requirements:—

(e) Saponification value not to
exceed 0.2 mgms. KOH/gm. when
determined on a 20 gm. sample, saponi-
fied by refluxing with 50 ml. of deci-
normal alcoholic potash and 25 ml. of
benzene. Decinormal sulphuric acid is
used for back titration and phenol
phthalein as indicator.

(f) The wax to be free from alkali or
acid, as shown by testing a water
extract. The water extract to be pre-
pared by boiling 5 gms. of wax with
10 ml. of distilled water for five
minutes, shaking periodically. Reac-
tion to be determined by change in
colour of red and blue litmus paper in
contact with separate portions of the
water extract for 15 minutes. No colour
change to be evident.

(g) The wax to produce no more
than slight bronzing of clean copper
foil when heated together for 30
minutes at 375 degrees F. (190 degrees
c.).

(h) Material to be supplied in cakes,
properly packed in wooden cases to
avoid damage in transit.

It will be noted that the foregoing
clauses for high melting point wax are not
particularly searching, and no mention is
made of specific electrical properties.
Presumably, reliance is upon ensuring
source of supply and a prior knowledge of

(a) Material to 'be an all-hydrocarbon
wax of petroleum origin.

(b) Colour to be uniform, yellow or
yellowish orange, and not darker than
an approved sample.

(c) The wax to be free from earthy
matter, dirt, water and all extraneous
matter.

(d) Melting point to be minimum 72
degrees C.

(e) Open flash point to be minimum
250 degrees C.

(f) Matter insoluble in benzene not to
exceed 0.20 per cent.

(g) Acid value not to exceed 0.05,
expressed in terms of mgms. KOH/gm.
of wax, but inorganic acid and alkali
to be entirely absent.

(h) Saponification value not to
exceed 0.05, expressed in terms of
mgms. KOH/gm.

(i) Ash on complete incineration not
to exceed 0.01 per cent.

(Jj) No corrosion or tarnishing of
copper to occur when a piece of clean,
bright copper foil is heated, half-
immersed, in the wax at 100-110
degrees C. for six hours.

(k) Temperature coefficient of elec-
trostatic capacity to be very low. When
testing by impregnating paper/alu-
minium foil condensers by established

Table 74.—Typical Laboratory Characteristics of Synthetic Waxes of Chlorinated

Naphthalene Type.
Sarrple No. 1 2 3 4 5 6
Commercial descripti Double Refined, Refined Refined
rcial description refined,  MPL 1D MPL 9 MPL 1 MPL 1D  MPL SV
Pt &/  125°C. %B°C 140°C. °C.
95°C.
Colour Pdeyellow Pdeyellow Paeyellow Brownish Paeyellov  Black
white
s o B B gk g ®
Am | KOH .............. . : . . . —
Nkﬁ rochlorlcamd %  0.00025 0.0062 0.0070 0.0008 0.0070 i
/\>SI 'nty i A s Nil 0.004 0.008 Traces 0.009 28
tl
O au? i i, % B e 15 79 g 72
i .
%Jecn%c q- ity at 15.5°C. 153 166 1% 1% 157 1.0
000"ps., approx. 45 55 50 45 5.0
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Table 75.— Results of Stability Tests on Chlorinated Naphthalene Wax, Double Refined,
Melting Point 94°C.

Test No. Chbject Test conditions Summary of results

1 Effect of heat just Heatedinogﬁgvtcnﬁ%log%r%hoursat measurable  development  of

above melti nt. aC|d| or of colour;  loss in
o R B i
Effect of heatincon-  As in (1) with dean stri As in (1) and no attack on .
ot ith ) (0] Vet oopper P ® Copper
3 Effect of. heat in con- Heatedfor 7matﬂ5t0120°c Iron becare tamished to slight
tact with metals.

4 Effectofwer‘reatl

5 Effect of overheati

with d nmmersed
Mlxturecontalnedl flasks ected

Iron 2Inc, gﬁé&%

Heated in open vessel for 12 hours
in  contact at 220°C. with dean copper foil half
copper. immersed.

As in test No. 4, but with 0.5%
water added.

brown colour and some iron
thewex. No effect upon the other

nmetals.
Wax darkened and |on|zable chlorine
becme
blacklsh brown IP: co]
exposure Ui amns
developed patdm of

chloride within 2 hwrs
As in tst No. 4, only deterioration
o hours’ heating being

Inpresence of mol more
urgand in_contact rEgwtoprodl,loesarre
with copper.
Asin(5. As in (©).

6 h he
et pomtr)ézs
T SR fethalt
point.

8 Effect of air ad
moisture just_above
melting point.

25

production methods, the capacity of
such condensers, at any temperature
when subjected to a heat cycle from
20 degrees to 40 degrees C. and back
to 20 degrees C., shall not differ from
the initial capacity at 20 degrees C. by
more than 0.5 per cent. Similarly, for
a cycle from 20 degrees to 60 degrees
C. and back to 20 degrees C., the capa-
city measured at any temperature
during this cycle shall not differ by
more than 3 per cent, of the initial capa-
city at 20 degrees C.

(1) The wax to be supplied in cakes,
securely packed in wax-paper lined
wooden cases.

For the waxes of rather higher melting
point but not quite such good electrical

Wax rmmtalned memmtan&ally at

S|0\M btbbled thro
through di

Wax ntalned memmtatmll Definite, but veryslight devel
120 of I
frst through dlstllled V\Igter satu-
it, then th ﬁ; the noltenwax,
and firelly mr&? dlstllled water

Cf'\me érd

properties,
ments are as under:—

Unaffected. No ionjzable chlorlne ar
acidity develgged In_the wax
days, nor trapped in 1he

onizable chlorlne ad a(nﬁlty in

( te ro-

dwoncacld eroent the amount of
this V\es 2 Under:—

Irltlally, and In (@ ten0.

000
.000
.00050%
.000

OO

typical specification require-

(a) Material to be a high melting
point hydrocarbon wax processed to
give minimum of oxidation during use
in impregnation process.

(b) Colour to be uniform, maximum

darkness of shade to be a brown not
exceeding that of an approved sample.

(c) To be free from mineral acids and
alkalies, and organic acidity not to ex-
ceed 0.50, expressed in terms of mgms.
of KOH/gm.

(d) Saponification value not to
exceed 2.0, expressed in terms of mgms.
of KOH/gm.

(e) Ash on complete incineration not
to exceed 0.01 per cent.
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Table 76.—Continental Compounds Having a Chlorinated Naphthalene Base.
Sanple No............ 1 2 3
_— i i i Condenser. _ Sealing and
Application Condenser impregnation G)rﬁerse%."irgs.eallng ad ilire: ng
i nephthal Chlorjnated ene  Chlorinated ngphthalene/
Nature e e B oaurs.  colophory resiverdl G
pitch  mixture
Colour Translucent white Clossy black Glossy black
Melting poirt, °C. % o 120
Acid value, mgs. KOH/gm. 0.0045 0.48 41

(f) Melting point not to be less than
82 degrees C.

(g) Flash point (open) not to be less
than 275 degrees C.

(h) No corrosion or staining whatso-
ever of copper to occur when clean,
bright copper foil is heated, half
immersed in the wax, at 100 to 110
degrees C. for six hours.

(i) To be packed in wax-paper-lined
wooden cases, to give complete protec-
tion from deterioration in transit or
storage.

Much advance has been made in this
class of wax in recent years, and for satis-
fying the ever-increasing range of service
temperatures, such inert, high-melting
hydrocarbon waxes are indispensable.
When full value can be had from indus-
trial research in recent years, and when
first priority can be given to highest
quality, further advancement is to be
expected.

Another class of wax, including many
grades, must not be overlooked. These
are the synthetic waxes obtained from
chlorination of naphthalene. They have
specific advantages over any other waxes,
and also their shortcomings, and they
have already been extensively employed
for the impregnation of fixed paper con-
densers, not only in America and on the
Continent but also in this country. The
waxes are recognized under proprietary
or registered names, such as Halowax,
Nibren wax and Seekay wax. A con-
sideration of their properties in some
detail is justified.

The chlorinated naphthalene can claim

properly to belong to.the realm of syn-
thetic plastics. Naphthalene itself is a
pure hydrocarbon, chemically having a
double-ring structure, colourless, crystal-
line, melting point 87 degrees C., inert in
character. From its empirical formula,
C,HS it can be seen that there are eight
hydrogen atoms that can be replaced by

chlorine, and that many different com-
pounds, mono-chlor, di-chlor, tri-chlor,
etc., can be produced. Details of the

well-estabished chlorine derivatives are
given in Table 73, which gives data
appertaining to melting points and boiling

points. It can be seen that some of these
compounds are liquid and low-melting
solids; others are solid, including some

having melting points as high as 200
degrees C. They are all stable, inert
chemicals in the ordinary, sense of these
terms.

Commercially, the chlorinated naphtha-
lenes are produced from the direct
chlorination of naphthalene, degree of
chlorination being determined by the time
and temperature of the reaction. Obvi-
ously, the hydrochloric acid has to -be
removed subsequently by washing pro-
cesses. The products obtained are mix-
tures of chloronaphthalenes, and they
can be graded into wax-like materials on
a basis of melting point. Crude materials
are black and generally strongly alkaline.
By refinement, pale yellow waxes having
marked crystallinity are obtained, but
such waxes are slightly acidic with hydro-
chloric acid. By double refinement,
waxes of negligible acid value are pro-
cured, and it is these that are used for
condenser manufacture.
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Table 77.— Depreciation of Condenser Im-

pregnating W ax in Continuous Use. Type

of Wax-chlorinated Naphthalene (Double
Refined), Melting Point 94°C.

Co ative test results
% representative

During After 6
Hirst few

weeks’
days of ke operation

Electrical tests on condensers :
Insulation resistance.

o W i
s per microfarad , )
68°] , 1,10
at 300 volts, D.C., 68°F. g&)‘% %650
750 1’,%
7,500 1,30
7,000 1,100
ol
Mean 7,500 Mean 1,500
mnut&s)at&% p.ps. Eﬂ Min. 2% %
cal Mean27 4
Chemical tests on .
Acidr KOH 0.006 0.070
Ash neration, Y Nil 011
Col tlveal |rBuIat|on re-
Si Ues on wex, 0 5

Table 74 shows the chief characteristics
of the commercial chlorinated waxes.
Melting points from about 70 degrees C.
to 150 degrees C. are possible, although
the tabulated data do not extend over
the full range. It is material similar to
sample No. 1 that is most generally used
for condensers. This is a double-refined
wax of melting point 90 to 95 degrees C.
Any of the other melting-point grades can
similarly be produced in the double-
refined condition. It will be seen that the
double-refined grade has an exceedingly
low acid value and low ash value com-
pared with the corresponding figures for
the other grades. Volatility is high with
all of them, a distinct drawback, because
losses and clogging of pipe-lines during
vacuum impregnation are appreciable.
Specific gravities are high, 50 per cent,
greater than those of the high melting
point mineral waxes, and very nearly
double those of the paraffin waxes. This
has to be borne in mind when considering
the cost aspect. At the same time, the
high specific inductive capacities should
be noted. These figures are double those
of the paraffin and high melting petro-
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leum waxes, which signifies that smaller
condensers can be made with the chlorin-
ated waxes, viz., about half the area of

metal foil, with the same thickness of
dielectric as when wusing hydrocarbon
waxes. This is one of the major advan-

tages of the chlorinated naphthalene.
Another is small shrinkage during cool-
ing, this being almost negligible compared
with that of the other waxes, as can be
seen from the figures in Table 62.
Further, they do not burn and, incident-
ally, they are mould- and pest-proof.
Apart from the disadvantage of high
volatility, the chlorine element renders it
necessary to take precautions in using
the waxes to safeguard operators from
health hazards. Toxity and possibilities
of dermatitis are not unduly severe, but
all safeguards must be taken to exhaust
fumes from open tanks, and to prevent
contact between fume or wax and opera-
tors’ skin. The other shortcoming is the
natural tendency under conditions of pro-
longed heating or overheating, or in the
presence of moisture, for hydrochloric
acid to form. Although this is only to a
verv small degree, it is sufficient to be
disturbing, and to result in low insulation
values if such wax is used for condensers.
The shortcomings cannot be prevented,

Table 78.—Depreciation of Condenser Im-

pregnating Wax in Continuous Use. Type

of W ax— Paraffin (Refined), Melting Point
58°C.

Oorma;aﬂrve test r\;&gilts

Durin After 6
first f(gv weeks’
days of Lee  operation

on condensers:

Insu(f;ltlon re5|stance Eﬁ 4,000
B C. 10,500 S&0
a 10,100 350

10,000 3200
9,800 3,000
9,800 2,800
o
8500 750

Mean10,000 Mean 3,200

0.0023 0.2

mdlc% |nc neralégwH Nil 0.013

ative |rsulat|on re-
SI values on waex.

E)
=.
<
N
8
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although ultimately inhibitors will be
found which will prevent and minimize
the trouble. Consequently it has to be
taken care of by process design and con-
trol. The extent to which the wax is,
and has been, satisfactorily employed
over the past 10 or 20 years shows that it
can be safely used for condensers.

Table 75 summarizes test results, show-
ing the extent of instability of the chlorin-
ated naphthalene waxes. The tests and
results are self-explanatory, and they
establish that the waxes, strictly speak-
ing, are, under certain conditions,
unstable, and that the degree of decom-
position is exceedingly minute. They
lead to the conclusion that, if the con-
denser units are fully dried before immer-
sion in the wax, no trouble from acidity
formation should be encountered, a fact
borne out in practice.

Table 76 gives some data on Con-
tinental products having a chlorinated
naphthalene base, sample No. 1 being the
condenser imprégnant, and the other two
filling or sealing compounds. This
material is practically free from crystal-
linity, presumably due to the paraffin-
wax admixture.

Tabic 77 gives linteresting informa-
tion upon the deterioration in chlorinated
naphthalene wax during six weeks of con-
denser  processing. The insulation
resistance values of the condenser units
fall to about 20 per cent, of the original
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by 14 times; some extraneous dirt is
included, and insulation resistance falls

to less than one-tenth of the original
value.

Table 78 gives similar data for paraffin
wax. Insulation resistance of the con-
denser unit falls to 30 per cent, of
the original values. The acidity of the
wax increases one hundredfold, and the
wax itself shows a marked fall in insula-
tion resistance.

With both types of wax, therefore,
marked deterioration occurs, and must
be taken care of, either by periodic scrap-
ping of the reservoir of wax, or by
designing the plant so that the major por-
tion of the reservoir of wax is consumed
by the load of units, and a major quan-
tity of new wax is added for each new
load.

Table 78 compares the electric strength

of the chlorinated naphthalene wax
with. that of paraffin wax by break-
down tests on condensers. It is self-

explanatory, and the conclusion to be
drawn is that the electric strengths of the
two types of wax are identical.

The contraction during solidification is
considered an important feature of con-
denser waxes.

For this reason well-defined methods
have been developed for the assessment
of this quality. The process, in general,
involves the determination of total con-
traction of the wax in cooling from 100

value. Power factor rises 50 per cent. degrees C. to room temperature, but
Regarding the wax itself, acidity increases  variations are possible should it be

Table 79.— Influence of Type of Impregnating Wax upon Breakdown Voltage of Paper
Condensers. (Double Refined Chlorinated Naphthalene Wax, M.Pt. 94°C. versus

Refined Paraffin Wax, M.Pt. 58°C.—otherwise all processing conditions constant.)

Paper interleaving, linen stock, Paper interleaving, wood st
2 0.0% Irs. 2x 0.0% Irs. o,
Test No.

Chlor-naphthalene Peraffin Chlor-naphthalene Paraffin

1 3,% 350 3,500 3,20

2 3. 300 2,500 3.000

3 w 3.290 3500 3,000

.000 3.000 320 3.000

é .................... 3,000 3,000 3,20 3,000

6 e 2,50 2.190 3,000 3.000

7 2.0 2,0 2,90 2,790

8 2,50 2.30 %% 2.0

I 2.290 2.500 , 2.0

10 2,20 2,290 2,500 170

Average  .oeiiieieen.. 2.8H 290 3,100 2.95
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desired to measure contraction from any
other temperature above the melting point
of the wax, if necessary down to sub-zero
temperatures. Operating conditions, the
design of the assembly into which the
condenser is embodied, and other like
factors will govern the choice.

In purchasing and using the chloro-

naphthalene waxes, attention must be
given to hydrochloric acidity; this
applies to the wax as purchased and

continuously in processing. If this s
kept to the low values indicated for good
waxes in the foregoing, no undue trouble
is to be anticipated.

The nature of the requirement clauses
for chloronapthalene wax for condenser
manufacture, typical of  American
specifications, is shown by the following
items:—

(@) The chlorinated naphthalene
wax to be pale yellow in colour.

(b) To be free from naphthalene, as
indicated by odour.

(c) To be free from monochloro-
napthalene as indicated by the absence
of any signs of wetness to the crystals
in the fracture of a freshly broken
sample.

(d) To be free from tarry matter,
dirt and all extraneous matter.

(e) Acidity not to exceed 0.04,
expressed in terms of mgms. KOH/gm.
of wax when tested as follows:—

A 10 gm. sample of the grated wax
is weighted, and it is then refluxed
for 15 mins. with 50 ml. of neutral-
ized alcohol. Fifty ml. of hot dis-
tilled water is added, and thoroughly
mixed, and 5 ml. of a 1 per cent,
solution of phenolphthalein is added
as indicator.  Titration is effected
hot with N/50 potassium hydroxide
solution, end point being a pink
coloration persistent for 30 secs.

(f) Volatility. Not to exceed 1.5 per
cent, when heated, in an air-circulated
oven for 3 hours at 105 degrees C.

() Melting point to be 90 degrees C.
min., 98 degrees C. max.. when deter-
mined as follows:—
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Wax to a depth of about 2 ins.
is placed in a 1-in. dia. test tube,
and a thermometer is centrally fitted.
The tube is surrounded by a beaker
of water and temperature raised to
100 degrees C. Then, when
equilibrium has been attained, the

heat is removed. The wax is kept
under observation as it cools until
the first crystal of chlorinated

naphthalene appears. This is taken

as the melting point. Three deter-

minations are made and averaged.

(h) Specific gravity to be 1.39 min.,
142 max., at a temperature of
150 degrees C.

With advantage, the specification
could be more rigid without excluding
suitable commercial waxes, and the fol-
lowing clauses are advocated.

(a) Material to be a
naphthalene wax,

chlorinated
free from naphtha-

lene, monochloronaphthalene, tarry
matter, water, dirt and all extraneous
material.

(b) Acidity not to exceed 0.005,
expressed in terms of mgms. KOH/
gms. of wax, or 0.00031 per cent,

expressed as hydrochloric acid.

(c) Ash on complete incineration not
to exceed 0.001 per cent.

(d) Volatility, 4 hours at 135 degrees
C. in 3-in. dia. aluminium dish, not
to exceed 14.0 per cent, by weight.

(e) Specific gravity at 20 degrees C.
+ 5 degrees C. to be 1.50 to 1.55.

(f) Melting point to be 90 to
98 degrees C., determined by cooling
curve.

(g) No corrosion or tarnishing of
clean, bright  copper foil, half
immersed, heated on a water bath at
100 degrees C. for 6 hours.

(h) No corrosion or tarnishing of
aluminium foil, half immersed, heated
on a water bath at 100 degrees C. for
six hours.

(i) To be supplied in cakes, packed
in wax-paper-lined wooden cases to
give full protection against damage in
transit or storage.

(To be continued)
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J. D. Hanawalt* and C. E. Nelson=*

Present a Discussion on the Corrosion

Resistance of the Ultra-light Alloys

in TermsofaHigh Purity Magnesium

Versus one of Normal—

Base
HIS paper is written primarily in
T reply to the paper by Fox and
Bushrodl on “ Protective Influence
of Mn in the Corrosion of Mg-Al Alloys.”
A second purpose is to discuss the ques-
tion of the correlation between the salt-
water corrosion and the atmospheric
stability of common Mg alloys.

Fox and Bushrodl have stated that
their results do not check those of
Hanawalt, Nelson, and Peloubet,'- and,
more particularly, that a high Mn content
in a Mg-Al alloy will counteract the effect
of high Fe content and give the same low
corrosion rate in salt solution as is given
by the low Fe alloys defined by Hanawalt,
Nelson, and Peloubet. This idea in the
Fox and Bushrod paper has been restated
by various reviewers of that paper in the
abbreviated form that "it is not the Fe
content which is important, but rather the
Mn to Fe ratio.”

The conclusion of Fox and Bushrod is
contrary to the results of the work of
Hanawalt, Nelson and Peloubet, and
further is not, in the judgment of the
present authors, supported by the data
published by Fox and Bushrod. Fig. 3
reproduces unretouched photographs of
low Fe alloy after 5i years in 3 per cent.
NacCl solution. In contrast, high Mn-high
Fe alloys of the composition claimed by
Fox and Bushrod to have equivalent salt-
water corrosion resistance would be com-
pletely disintegrated under the same con-
ditions within a few months. The bene-
ficial effeot of Mn has been well known

* Metallurgical Dept.,
Midland, Michigan.

The Dow Chemical Co.,

October, 1945 October, 1945

S T A B ILITY O F M A G N E S

Fig. ! (above).—Shown here is a magnesium-alloy canoe after ten years’ service. It should
be noted that, in spite of the fact that the alloy used in this case was not of high purity,
and despite the fact that the canoe was not repainted during this period, no corrosion
has occurred. Fig. 2 (below).—View of part of the exposure station at Wilmington, N.C.
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— PurityjCoupled with High Man-

ganese. The Authors Draw Particular

Attention to the Care Needed in

Interpreting Salt-spray Test Results

as Guides to Performance in Service

fox many years and was restudied in
detail by Hanawalt, Nelson and Peloubet.
Bakken,3in a patent on Mg-Al-Mn alloys
in 1926, said: “ Proportions from 0.2 to
1.0 per cent, of manganese have been
found effective in increasing the resistance
to corrosion.” However, Mn additions to
Mg-Al alloys do not accomplish the same
results in increasing the salt-water cor-
rosion resistance as does a lowering of Fe
to the tolerance limit. It seems clear that
the reason Fox and Bushrod did not come
to this conclusion is primarily because
they limited their observations to a two-
to four-day duration for their salt-water
test, and then assumed that their test was
comparable to the tests of much longer
duration used by Hanawalt, Nelson and
Peloubet.  Actually, whilst low Fe and
high Fe-high Mn specimens, at least in
the as-cast state, do have somewhat the
same corrosion rate after four days in
salt water, for continuing exposure, the
corrosion rate of the high purity alloy
decreases whilst the corrosion rate of the
high Fe-high Mn alloy increases until the
specimen is completely disintegrated. As
can be seen in Fig. 5, there is a great dif-
ference in the corrosion behaviour of the
high and low Fe alloys, and they only
appear to be somewhat similar if one
looks at the four-day rates. Even at four
days, visual examination will show con-
siderable superiority for the low Fe alloys.
Another reason for the differences in inter-
pretation of the Fox and Bushrod data
would seem to .be that they disregard the
difference .between 0.005 per cent. Fe and
Fe below the tolerance limit.
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In a more recent paper by Fox and
Bushrod13 Figures 1* and 2f purport to
show that low iron (.001 per cent, or
less) gives the same corrosion rates as
.023 per cent. Fe even when tested for
about 18 days. It is obvious from exam-
ining their analysis as given in Table 2{
that nickel is above the tolerance limit
shown by Figure 108 in the paper by
Hanawalt, Nelson and Peloubet, and that
other elements have not been reported
within sufficiently narrow limits to be
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certain that they had no deleterious
effects. Comparison of the appearance of

samples shown in their Figure 7j| to those
in Fig. 3 of the present discussion, clearly
indicates that Fox and Bushrod were not
working with controlled quality material.
The present authors found ,by sad experi-
ence that it was not possible to get ade-
quate fundamental information oh the salt-
water corrosion effect of impurities by
testing samples taken from random
batches of production material.

Composition

Type of Test.  Condition of Material. 190t
A%
1 79 0-52
As-cost 2 -8 0-51
3 77 0%49
4 77 0-50
5 79 0-51
fmmersion 10 ¢ o lution-treated: 24 6 7.9 0-49
3% Nyc Solution-treate
A ra . 7 7.9 0-49
8 79 0-50
Fully heat-treated : 24 9 83 0-49
hr. at 4200 C. fol- 10 8-2 0-51
lowed by 18 hr. at i1 81 0-47
200" C. 2 79 0-46
13 79 0-52
As-cast 1 79 0-50
15 77 0-51
16 77 0-53
Y 81 0-55
Solution-treated: 24 18 7-9 0-55
Atmospheric hr. at 420" C. l 5 8-0 0-49
20 78 0-56
Fully beat-treated : 24 f 21 7-9 0-50
hr. at 420% C. fol- 22 8-0 0-49
lowed by 18 hr. at* 23 7.9 0-51
200% C. 2 81 0-50

MO, % Ni, %.  Fe, %. * Above, left:—Figure 1, after
0-28 0-0016 0023 Fox and Bushrod, in “ Protec-
g%; gggié 8832 tive Influence of Manganese in
- 3 Corrosion of Magnesium
021 0-0016  0-001 Alloys" (" J. Inst. Met.?" 1945/
0-27 00015  0-023 71/258); authors’ caption reads
928 o002l 0016 — Loss-in-weigbt/time curve
0 0-0019  0-002 for alloy conforming to D.T.D.

specification 59A- (0.023 per
ggg gggfg ggg cent, iron) in immersion tests in
0-25 00018  0.007 3 Per cent. NaCl solution.”
0-24  0-0015  0-002 t Above, nght:—Fx&xﬁe ,agri__r

028 00015 0.020 Fox and Bushrod, | 1 ICC AL,
0-26 00020  0-012 p. 259): authors’ caption reads
0-25  0-0017  0-004 Loss-in-weight/time curve
023 0-0021 0002 for alloy conforming to D.T.D.
023 00022  0-024 specification 59A (0.001 per
0-23  0-0021  0-013 .cent, iron) in immersion tests in
3% ggg;i gggf 3 per cent. NaCl solution.”

: | Adjacent, left:—Ta Iﬁ_ﬁ:aft r
0-28 0-0016 0 022 Fox and Bushrod, |
e ;. 251)
0-24 0-0019 0003
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The present paper gives the results of
experimental work which was under-
taken to duplicate as closely as possible
the technique described in the Fox and
Bushrod paper, and compare it with the
technique used by Hanawalt, Nelson and
Peloubet, To this end, four types of
Mg-Al-Mn-Fe alloys were studied: (1)
high Fe, high Mn; (2) high Fe, low Mn;

(3) low Fe, high Mn; (4) low Fe, low
Mn. These alloys were cast in (a) iron
chill moulds of the design and dimen-

sions given by Fox and Bushrod, and (b)
in sand moulds. The alloys were tested
in salt water in the following states: as-
cast, HT, HT followed by ageing. The
salt-water tests were carried out by (a)
a four-day continuous immersion in 3 per
cent. NaCl (pH = 10.2 by adding
MgO); (b) a four-day continuous immer-
sion in 3 per cent. NaCl; (c) a four-day
alternate immersion in 3 per cent. NaCl;
(d) a 1l4-day alternate immersion in 3
per cent. NaCl; (e) a 28-day alternate
immersion in 3 per cent. NaCl. Other
pertinent experimental data are also given
in this paper. However, before proceeding
with the presentation of the experimental
data, it is desired to discuss the subject of

O @ Faxaxdd Fxa

IPESCINT s*j

8Above: Figure 10, after Hanawalt, Nelson and Peloubet
" Corrosion Studies of Magnesium and its Alloys

(“Metals Technology,” Sept., 1941, "Am. Inst. Min.
Met. Eng.” Tech. Pub. No. 1353, p. 13): authors
caption reads: “ Effectofnickel on magnesium-alumin-
um-manganese and magnesium-aluminium-mangan-
ese-zinc." i Adjacent, right: Figure 7, after Fox and
Bushrod, ” Protective Influences® of Manganese in
Corrosion of Magnesium Alloys ( J. Inst. Met.,

1945/71 /Plate XX X1I, facing p. 260); authors caption
reads: “ Typical specimens after testing by immersion
in 3 per cent, sodium chloride solution: top row,
specimen from ingots 1 2,3 and 4. from left to right,
after 18 days exposure: middle row, specimens from
ingots 5, 6, 7 and 8. from left to right, after 8 days
exposure; bottom row, specimens from ingots 9, 10,
1 and 12, from left to right, after 12 days exposure.
In all cases iron contents decrease from left to right.
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corrosion of magnesium more generally.
Such a discussion may serve to take away
some of the emphasis on salt-water corro-
sion and provide a better perspective for
the person not familiar with magnesium.

Comparison of Atmospheric Stability of
Magnesium with Salt-water Tests

There is a great difference in degree
between the action of salt water on mag-
nesium alloys and the action of ordinary
atmospheres. Those familiar with magne-
sium know that castings of magnesium
alloys made 15 years ago have been left
outdoors unprotected for 15 years without
serious detriment; whereas, the same cast-
ings placed in salt water would disinte-
grate within a few weeks. In spite of this
good atmospheric stability, a widespread
feeling that magnesium is poor in corro-
sion has existed. This feeling has un-
doubtedly been a great factor in inhibiting
the utilization of magnesium in many
fields. The origin of this false impression
about magnesium is probably due to the
almost universal practice of subjecting
materials to the salt spray test, and, fur-
ther, to early experience with magnesium
in the days when foundry practice was
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not well established, and occasional flux
inclusions turned what would otherwise
have been an ordinary atmospheric expo-
sure into salt-water corrosion. A general
lack of appreciation, at least in the United
States,* of the good atmospheric stability
of magnesium has been indicated by the
reactions of visitors to the exposure station
at Wilmington, N.C. One location is at
83 ft. from the ocean and the other at

*And in England, as evinced by the reactions of
visitors to Similar exposure tests here.— Ed.
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800 ft. Within the past year or two,
several hundred persons representing
many U.S. industries have visited this

station, which has on exposure, side by
side, thousands of specimens of metal of
many types, including magnesium, alu-
minium, zinc and steels. The visitors
always return home surprised and
impressed by the outstandingly good
appearance of the magnesium alloys.
W hilst set up purely as a technical testing
ground, the discovery of how a visit to

Alternate immersion, 3% NaCl, 95°F.

e AlY A @ d R M NP S S Zn Anlysis Yot
<7 f18 64 <0001 Nl 00l Q@O 010 NIl Nl 008 NI 07 St &
9 g 49 <0001 0013 oot/ YRR 1o Nil 016 002 NIl 0 Spect. 67
1 sgse7-2< FUE — 0 Pure Mg Nominal 67
43 841" 62 <0.00L Nl 0O00L 0006 008 Nil Nl 000 Nl Nl Spect g
5 %8522 59 <0.00L Nil 000l 000l 0O Nl Nil <0.00L NI Nl get. @
18 BE62 60 — - — 0.0 Pure Mg Nominal 66
21 '3 64 0L NIl 00l QQI5 010 Nil 004 014 Nil Nl Spect. 64
22 *g6M43 60 <0.00L Nil 0o0co11 QBB 1008 NIl NIl 0001 Nil NIl Spect. 66

Fig. 3.—Showing the appearance of low-iron magnesium-base alloys after 5| years

exposure to 3 per cent, salt solution.

specimens are tabulated immediately below the illustrations.

Data regarding the composition of these
(Compare with corrosion

test pieces of Fox and Bushrod reproduced in footnote on preceding page.)
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245T ALUMINIUM
53ST ALUMINIUM

H-1 CAST
HEAT TREATED

G-1 CAST
HEAT TREATED

C-1 CAST

HEAT TREATED

JL (1.52n) EXTRUDED
M(0.06Ca) EXTRUDED

J1 EXTRUDED

Fig. 4—Tensile test bars (cleaned) after four years’ coastal exposure at Wilmington,

N.C. (experimental panel No. 61.

this station changes people’s conceptions
of the corrosion resistance of magnesium
has brought the station into considerable
use as a place to take the person doubtful
about the serviceability of magnesium.
Fig. 2 gives a view of part of the station
and Fig. 4 shows some 'magnesium speci-
mens after four years’ exposure 80 ft.
from the sea. A further discussion on this

corrosion station is to be found in an
article by J. A. PeloubetH
Thus, whilst the salt-water corrosion

test can be used as an accelerated test for
laboratory studies, and whilst, for some
metals, it may bear some correlation with
atmospheric exposure, even for common
magnesium alloys containing normal
amounts of impurities, the salt-water cor-
rosion compared to atmospheric exposure

Exterior station 1, 80 ft. from sea).

is relatively much more severe than for
most other metals and the degree of
correlation is much lower. The compari-
son is particularly misleading in the case
of magnesium, because of the dominating
effect of the large potential differences
caused by the impurities in common mag-
nesium alloys when placed in salt water.
In salt water, magnesium stands removed
by 0.7 volt or more from the other com-
mon metals in the electrochemical series.
The electrolytic currents thus generated
are sufficient to prevent the formation of
protective films which would be formed
in media less conducting electrically. In
fact, a potential of the magnitude of that
between Fe and Mg if applied to Al in salt
solution will prevent the formation of the
otherwise naturally occurring protective
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44976
Mg, 6Al, 0.3 M, <0.001 Fe
Test Chill cast Sand cast Chill cast
AC HT HT-A AC HT HT-A AC  HT
Fox and Bushrod, 3% NaCl £ MgO, pH
22, Foom terp., totl imm 2 03 0% 14 048 03 18 648
4-day total inm, 3% NaCl, room terrp. 12 048 076 12 13 237 063 520
4day dt. imm, 3% NaCl, S5°F. .. 106 097 09 08 107 09 447 233
14y alt. irm, 3% NaCl, 95°F.............. 049 05 05 05 02 03 104 27
28-day at. irm, 3% NaCl. 95°F.............. 059 02 08 08 077 028 124 x7
4976 . 44761 44762 44763
numerals are
A 62 60 63 6.4 e
o 0t <001 Q.01 001 (f t?g‘?#\e el s
) Qu 001 0,01 <0.01 0.006
Av. analysis .. fe Q01 0o QUL 0022
Ni oL <0l <0001 00P he%’G?O Bos't'ons %"%”m’i“
O
5 0L <00l <001 0.0 e
00L <0.10 <0.01 <0.01

coating, and will cause the Al to disinte-
grate rapidly. The significance of the
work of Hanawalt, Nelson and Peloubet2
was to determine the tolerance limits for
impurities and to show that magnesium
alloys, if purified of certain elements, are
very stable in* 3 per cent. NaCl solution.
The statement has been made that there is
very little correlation between the salt-
water tests and the atmospheric exposure.
This statement must be taken to apply
only within the limits of the experiments
to date. Magnesium alloys of ordinary
and of controlled purity are on exposure
at the 80- and SOO-ft. racks at Wilming-
ton, and in industrial and rural Michigan.
The present status of the results is indi-
cated by some data presented in Table 2
in terms of loss in mechanical properties.
It can be seen that the atmosphere at the
80-ft. station is severe enough to show the
greater resistance of the controlled purity
alloys after a few years, whilst at the more
mild exposure stations a significant dif-
ference has not as yet been observed. It
will be interesting (to someone) to make
the comparison after 50 years of unpro-
tected exposure to the milder atmo-
spheres. A more general comparison of

various alloys after four years’ exposure
at the 80-ft. Wilmington location is shown
in Table 3. These are the specimens pic-
tured in Fig. 4. AIll of the magnesium
alloys shown, except the " M ” plus Ca,
are of controlled purity.

In the United States,
has been introduced only for wrought
metal, which, because of thin sections, is
more sensitive to property losses due to
surface attack than are heavier sectioned
castings. Present A.S.T.M. specifications
give a maximum of 0.005 per cent, for
iron and nickel. Actually, iron and nickel
in U.S. wrought alloys will be less than
the tolerance limits in practically all cases.
Probably not a little of the value of this
controlled purity grade of alloy lies simply
in the better impression it makes when
evaluated by the salt-water test. After
magnesium is better known and utilized,
and the corrosion fear has been allayed
by its good service records, there will be
many fields of application for which con-
trolled purity is unnecessary.

About ten years ago, more than 100
magnesium-alloy canoes were made and
sold for service in the United States,

controlled purity

Mn

. 44761
Mg, 6Al, 0.3Nh. 0.020Fe V8 64, 0.5Mn, 0.020Fe

HT-a  AC
s LD
4 /115

w2 4

w2 60

2P B2
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:Fe Ratio vs. Time of Testing.

44762
Mg, 6Al, 0.06 Mn, <0.001 Fe

Sand cast Chill cast Sand cast
HT  HT-A  AC HT  HT-A AC HT
10/ 167 027 0123 00% 061 015
652 48 0167 03Xl 044 019 04
806 725 054 0% 0B 0% 046
176 241 02 08 03> 037 016
2L7 185 02l 0% 049 o024 0238

Canada and Alaska. Except for some
cases of stress cracking of the gunwales,
due to a particular method of fabrication
which resulted in high residual stresses,
there have been no corrosion failures
reportecl. One canoe which had been in
use in Michigan every year for ten years
was examined recently. It showed no
corrosion in spite of the fact that it had
never been repainted and the original
paint had been chipped at various places.
(See Fig. 1) The alloy used for these
canoes made ten years ago was Mg-4 per
cent., Al 3 per cent. Mn, and was not of
high purity. The rivets were 2S alu-
minium. Samples of 0.051-in. sheet cut
from this canoe completely disintegrated
in less than one day in a 3 per cent. NaCl
solution, yet similar samples cut from an
area from which the paint had been gone
for a long time, showed tensile strength
losses when tested of less than 3 per cent.
This illustrates that sendee experience
provides information which no amount of
accelerated laboratory test data can take
away.

Another illustration of the good service-
ability of commercial grade magnesium
alloys is that of the generator cap parts on
the Ford car. Millions of these magne-
sium die castings have been in service
since 1939 with no record of corrosion to
date. When enough of such illustrations
of good serviceability have been estab-
lished, the control of purity of magnesium
alloys will probably be based purely upon
the economics of the matter, high-purity

LIGHT METALS

44/6)
My, 6Al, 0.06 Mn. 0.020 Fe

Chill cast Sand cast

hT-A  AC HT HT-A AC HT  HT-A
000 @1 512 YJ.f D1 S:B.g 86.§
037 850 ®8\1 82 8’228 ®8 7.7
047 646 744 84 1(1)% 1293 1148
029 ©4 7.2 467 1B3 4HO5 59
0.5 _

being reserved for those applications

involving more severe salt atmospheres.

Experimental Procedure and Results
Table 1 presents the mean corrosion
rates for five different laboratory corrosion
testing procedures for a group of four
alloys specially alloyed, cast and heat
treated to present the following variables:

(a) Low iron—high manganese
(44978).

(b) High iron—high manganese
(44761).

(c) Low iron—low manganese
(44762).

(d) High iron—low manganese
(44763).

(e) Sand versus chill casting in
each alloy.

(f) As cast (AC), solution heat
treated (HT), and solution heat

treated and aged (HTA) states for
each alloy and casting method.

The chill mould used was made to be.
identical to that described by Fox and
Bushrod, and the sand mould had the
same approximate shape, but without the
taper. Melting practice conformed to that
described by Fox and Bushrod, with the
substitution of the appropriate Dow flux
(310). Sixteen castings were made in
each mould (chill and sand), 32 in all, for
each alloy. Each casting was analysed
completely, in duplicate. The average
analyses are shown* at the foot of Table I.
Detailed analyses and corrosion data are
available from the authors upon request.
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Fig. 5.—Corrosion rates of chill-cast magnesium-base alloys containing 6 per cent, of

aluminium and 0.3 per cent, manganese in relationship to iron content. Four-day

rates are by the method of Fox and Bushrod, whilst the 14-and 28-day rates are by
alternate immersion in 3 per cent, sodium-chloride solution.

The heat treatnient given these alloys
(HT) consisted in loading the samples
into a furnace set at (370 degrees F., rais-
ing the temperature to 730 degrees F. over
a two-hour period, holding at 730 degrees
F. for 16 hours, and then removing from
the furnace and allowing them to air cool.
The ageing (HTA) consisted in following
the above treatment with 16 hours at 350
degrees F.

The samples were surface scalped and
ground with Aloxite cloth to prepare them
for the corrosion test.

The so-called Fox and Bushrod total
immersion test using salt solution with pH
adjusted to 10.2 (with MgO) and a similar
check test without the pH adjustment
were run in large containers so that the
same equivalent volume of salt solution
(2 litres per sample) was used as in the
Fox and-Bushrod test. Moreover, high
and low purity samples were placed in the
same trays at random.

The alternate immersion tests of 4 to 2S

days were run on the standard Dow
machines with each specimen in an indi-
vidual container as described in the earlier
paper.

The following conclusions may
drawn from examination of Table 1:—

be

(a) The high iron-low manganese
alloy (44763) is very poor.

(b) There are no large differences
between the remaining alloys (high
Mn-low Fe (44976), high Mn-high Fe
(44761), and low Mn-low Fe (44762)
in the four-day tests, with the pos-
sible exception of the alternate im-
mersion test on the high Mn-high Fe
alloy (44761), which shows up sig-
nificantly worse than the others in
this group.

(c) In the longer tests, 14 to 2S
days, the superiority of the high
purity alloys is clearly indicated in
comparing alloys 44976 and 44762
with 44761 and 44763: 0.3 per cent.
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This is an excellent example of
the lightness and strength of
MAGNUMINIUM M agnesium base
alloys. The 'mHalifax" undercarriage
leg is a castmg which measures S
feet high by 3 feet 4 inches wide and
weighs 250 Ibs. Magnuminlum has
exceptional machinery properties, Is
readi ly fabricated by ordinary
methods, and has a strength/weight
j.ratio unapproached by any other
pnetal. Full details sent on request,

GNUMIM UM



XX Advts LICHT METALS October, 1945

ILF O RD Lead Screens

for Industrial Radiography

20Kp 100mA smin FHin 200K 10MA s min. FHin

ILFORD LEAD SCREENS IMPROVE RADIOGRAPHIC QUALITY

Every discerning industrial radiographer is aware of the beneficial action of lead
foil placed in contact with each side of the film in overcoming the harmful effects
of scattered radiation.

lIford Limited have made a thorough investigation into the problem of finding
the most suitable lead alloy and of determining the optimum thickness of the foil.
As a result they are now able to supply at economical prices lead screens consisting
of front and back thicknesses of foil made of a lead alloy specially selected for its

durability and radiographic efficiency. IIford Lead Screens afford the following
advantages:—

1 Maximum reduction of scattered radiation reaching the film giving the
greatest possible improvement in contrast.

Reductionof exposure times up to SO per cent.

Completefreedom from grain.

Definitionindistinguishable from that obtained withnon-screenexposures.
Maximum flexibility and pliability. .

O a b wNN

Descriptive pamphlet is available on application

ILFORD LIMITED = ILFORD = LONDON

Maximum hardness of surface compatible with ausefulintensifyingaction.



Table 2.—Atmospheric Corrosion Tests, Magnesium Alloys—Effect of Controlled Purity.

Industrial* Sea Coast f
Alloy Condition 3% NaCl Inmersion
1 Year 4 Years 1 Year 4 Years
A M 7n R N Cu - fs M % e IR T IR ES Tre % lsTs
80 016 Nl >00 <001 < 0@ Cast HT _ 38 46 165 5H0 7 Dgg; 100
103 03 Nl 0L 000 < Qa1 Cast HT Z @Y.)3s o007 60 - 0 - 0 1Y 5.0
60 02 30 >00 <001 <o Cast HT - 0 — 0 — 0 _ 118 30 Days 60.0
61 05 28 <0 < Q0L 0016  Cast HT - 8Yr. 41 0010 66 0010 0 0.2 39 1 Year 50
92 03 22 <0o 01 < 001 Castl—% - Yr) 0 = 0 — 0 - 32 1 Year 142
60 0% II >000 <00 < Q0 Asbxtru - 1 — 42 A4 86 14 Days 765
60 08 15 <0 000l < 0QI As Extruded - (@vy)48 oom 35 - 0 0012 95 - =
60 028 071 <QmW <00l < o0l Sheet - - s = _ 43 71 _ _
60 050 15 <00l < 000 < 00l Sheet _ _ — _ 64 | _ 22 _ _
* Industrial Atmosphere: Midland, Michigan. f 00Ht. Sea Coast Station: Wilmington, N. Carolina.
Table 3.—4-Year Exposure—80-ft. Station, Wilmington, N.C.*
4 Years, 5.1.40 to 6.1.44.
G-Cast HT. HEBExt. 157n H-Cast H.T. C-Cast H.T. Mij-Ca Ext. H B 24ST Al 53STA
Symbols .. KK MM N LL NN P GG HH
Al 91 54 52 z 0.004 5.7 - -
Zn <0.10 16 28 i 557 <0.10 0.8 - -
NCQ 0 073 0.64 03 19 0.37 — —
Fe 0l < 0001 < 000l < 8@1 < 0001 - S07
N il
i <0.001 < e@ < 0.000 < — Cr0.5
1] < 00L <0.01 < 00L <0.01 <0.01 — 13
nod corr. rate 0.008 Qa2 (004 0.008 0.0 Qa2 Qa2 0.0009
Original rties—
9 prf(;ig 91 I1Zsl — 13.4|329| — 96 |1§4| — 85 |113| — 6.0I§5I — 12.6I3§2I — 16.9|a—)0| — 21.8I:58I —
TS, — 12137 — 1= 1480 — 1727133 — 1251379 — 1= 1484 — 1= 1464 — 1= 1720 — I'= 1392
Firal properties—
pOP%\/?E 071 =l = izl — 971l — 921z 10— 1811 — 9911 — Uol =1 — 2)1'364' -
TS — 1 =137 — 1 =185 — 1 =139 — I =137 —1-1389 — I'= 1486 — | = &2 — 1- 1382

* Pictures of these specimens are shown in Hg. 4.
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Table 4 —Composition and Corrosion Rates— Mg Alloys taken from German Aircraft»

Castings

Alloy Condition Al Cu Fe Mn Ni S n Corr. ,Fate
AZG R 6.4 0.2 003 03 008 0.23 31 2.0
. 010 <0001  <0.01 23 0.3
g‘% 82% 8.% 020 0003 O 27 37
04  0.04 0.14 10 5.2
" ) %8 82039 828)% 01/ <0.001 0.03 0.35 2.0
82 0.15 000 02 02 0 061 102
86

AV , 87 0.10 002 07 oQw 027 1.10
. 0.001 0.03 043 05
é:% 828&23 82% 8% 0.00L 0.13 0.5 25
ASh _ 87 0.06 0023 024 001 0.9 0.68 27
%2

AL0 - 105 0.16 0055 3 oo 0.18 075
019 o0 00 0.49 0.4
%.% 8’.% 82% 0% 001 011 0.4 159
25

AZ31 , 33 0% 004 0% 00R 0,07 110
019 <0001 <0.01 0.5 1
%% 828% 8:% 0Zr 001 0.03 0.9 8.4
02 <0.001 0.2 29 11
AZF ) 51'12‘31 82% 8163“_% 027 <0.001 0.13 25 08
. 0014 03 004 0.60 0.84 178
Al - ]O.'% 8.% 0.00L 018 000 0.04 0.63 g.s
3.4 02l 00 026 00 0.20 0.2 y:!

Wrought Products

i 027 0006 0.10 110 45
AZM- Fogings g3 O OB 0% ol <0l 0% 19
65 0.04 0011 013 0005 003 0.84 164
Forg . 0001 00l 031 20
AZBS ings 85 oa 006 R goor @ 0D 63
7 001 0.011 05 0001 001 031 11
Extrusi . 0% 7.3
AZM Lsion %%3 81(0{ 82% 82% <0.001 8@ 0.76 02
59 0.03 0.010 019 <0.001 0.03 091 22

»1 to 4 Weeks Test depending on Corrosion Behaviour. Alternate immersion 3% NaCl

Mn did not counteract the effect of
0.02 per cent, iron as contended by
Fox and Bushrod, since corrosion
rates for this alloy (44761) are 10 to
100 times as high as the controlled
purity alloys, even when the latter
alloys contained Mn as low as 0.06
per cent, as in alloy 44762.

Table 4 presents the analyses and corro-
sion rates of a series of cast and wrought
magnesium alloys which were taken from
a. German Messerschmitt Me 110 and a
Junkers Ju 88 aeroplane and examined
and tested in the laboratories of the Dow
«Chemical Co.5 Only the data on Mg-Al
base alloys have been included. These
;samples are of interest, as they illustrate

a variety of alloys with low and high man-
ganese and iron content. It is also very
significant that, although they show in
many cases high iron, copper or nickel,
and high salt-water corrosion rates, none
of these parts appeared to be significantly
corroded after their normal usage and
exposure.

They further illustrate the main point
of this discussion—that if the impurities
(iron, copper and nickel) be low, then
salt-water corrosion rates are good regard-
less of the manganese content, and, con-
versely, if the impurities be high, then the
salt-water corrosion rates are relatively
high even if the manganese is also high.

Many of these alloys are particularly
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poor in corrosion due to high copper con-
tent. In this connection, the action of 3
per cent, zinc to modify both high iron
and high copper is well illustrated.

Conclusions

In so far as Fox and Bushrod and
Hanawalt, Nelson and Peloubet cover
the same ground, there does not
appear to be any difference in experi-
mental results. The differences come
about in the interpretation of the
data. From the data and discussion pre-
sented, we draw the following conclu-
sions:—

1. The salt-water corrosion resist-
ance of common magnesium alloys is
primarily determined by the presence
of impurities, particularly iron,
nickel, copper and silicon, in amounts
in excess of or less than the toler-
ance limits for each impurity in the
particular alloy, as outlined in the
earlier paper of Hanawalt, Nelson
and Peloubet. If the impurities are
less than their respective tolerance
limits, the corrosion rate after a one-
to four-month test in 3 per cent NaCl
will be of the order of 0.2 mg./cm2
day or less. If any of the impurities
substantially exceed the tolerance
limits, then the corrosion rates will be
from 10 to 100 times that of the con-
trolled purity alloys, depending on
the alloy composition.

2. High manganese (0.2 per cent,
or over) or high zinc greatly modify
the bad salt-water corrosion effect of
high impurity containing alloys. This
has long been recognized and is here
again demonstrated.

3. The four-day corrosion test as
used by Fox and Bushrod is not of
sufficient duration to distinguish be-
tween alloys of low corrosion rates
and those having fairly low starting
rates, but which rapidly increase with
time.

4. Compositions containing high
iron and high manganese (e.g., 0.3
per cent.) of the type stated by Fox
and Bushrod after four-day tests to
be equivalent in corrosion resistance
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to high purity alloys have many times
the corrosion rate of high purity
alloys when subjected to the longer
tests of the present authors.

5. It has been shown that the
usual heat treating or heat treating
and ageing has no significant effect on
controlled purity alloys. In the case,
however, of high iron Mg-Al-Mn
alloys, even with 0.3 per cent. Mn,
the corrosion rates became high after
heat treating or ageing to the extent
that they showed up badly on the
four-day test and were completely
disintegrated at the end of 14 days.

6. The four-day test showed no
important corrosion rate differences
between alternate immersion and con-
stant immersion.

7. No significant differences in
corrosion rates were noted between
constant immersion tests made in
buffered (pH 10.2) and unbuffered

salt solutions.

S. No important differences were
noted between corrosion rates of chill
and sand castings.

9. There is no dependable correla-
tion between salt-water corrosion test
results and behaviour of magnesium
alloys in ordinary atmospheres. Salt-
water tests correlate in direction with

the results of  severe saline
atmospheric exposures.
10. Common magnesium alloys

are highly resistant to atmospheric
attack, showing only small weight
losses and negligible loss in proper-
ties even after years of exposure.

11. In atmospheric exposure, the
effects of alloy composition or purity
only show up, at least in terms of
weight loss or property loss, when the
atmosphere is sufficiently moisture or
salt-water laden to cause local electro-

lytic attack.
Discussion
The main discrepancies between the

results or, rather, conclusions of Fox and
Bushrod as compared to Hanawalt,
Nelson and Peloubet may all be traced
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back to the assumption by Fox and
Bushrod that the 0.5-1.0 mg/'‘cm5/day
corrosion rates they were obtaining oh
four-day tests were the equivalent of 0.2
rates obtained by Hanawalt, Nelson and
Peloubet in longer time tests (usually 112
days). The four-day test, however, was
too short to develop the corrosion charac-
teristics of the specimen, and, as has been
shown by data presented here, two alloys
might appear to have the same corrosion
rate when measured after four days in 3
per cent. NaCl, yet diverge, because of
their different characteristics, to corrosion
rates of 0.2 and 10 or 20 respectively at
the end of a four-week test. The early
paper of Hanawalt, Nelson and Peloubet
might be criticized to some extent for
failure to point out the significance of
time; however, the later paper by Hana-
walt and McNulty6specifically studied the
corrosion as a function of time and gave
the corrosion rate in terms of hydrogen
evolution during the early stages of corro-
sion and up to 20 days.

Even the high purity alloys shown by
Fox and Bushrod contain iron (0.004 per
cent. Fe or over) in excess of the iron
tolerance limit, and would not be expected
to give corrosion rates of 0.2 mg/cm2/day
if tested for two weeks or over in 3 per
cent. NaCl solution. Similarly, it has
been pointed out that the nickel content is
too high to permit the intended compari-
son of iron effects in Figures 1and 2 in the
most recent Fox and Bushrod paper.13

The written discussion given in connec-
tion with the Fox and Bushrod paper by
Messrs. Crowther,7 Liddiard8 and
LeBrccq9 are of considerable interest. In
addition to information elsewhere in this
paper bearing on this discussion, it is
desired to make a few further comments.

W hilst it is true that the largest num-
ber of samples dealt with in the original
Hanawalt, Nelson and Peloubet paper
were necessarily prepared with distilled
magnesium as a base, many alloys both
large and small had at that time been
made from commercial purity magnesium
and alloying materials by iron precipita-
tion processes already known at that time
and described in the literature. 10- n’ 12
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An iron precipitation process involving
treating the molten alloy with an excess
of manganese is commonly used. This
results in alloys that are always saturated
with manganese at the temperature of
pouring. No significant differences in cor-
rosion rate have been noted between
alloys prepared from commercial ma-
terials in this manner and those prepared
from all pure materials provided, of
course, that impurities are within the
tolerance limits.

Since about 1941, the largest proportion
of all magnesium-wrought alloys in the
United States has been produced in the
controlled purity type. These would meet
the tolerance limit requirements set forth
by Hanawalt, Nelson and Peloubet, even
though the tentative specifications, as has
been pointed out, would allow composi-
tions outside those limits.

W ith respect to carrying higher man-
ganese in common magnesium alloys, it
has been stated that the manganese-
treated wrought alloys in the United
States are already saturated with man-
ganese. In the casting alloy field, mini-
mum specifications for manganese exist on
all the alloys, and considerable trouble in
foundries already arises in meeting these
minimum values due to the limited
solubility of manganese and the resulting
tendency to settle out. Typical man-
ganese values are, however, moderately
high, running about 0.21 per cent, for H
alloy (Mg-6AI-Mn-3Zn) and 0.18 per cent,
for C alloy (Mg-9AIl-Mn-2Zn). Even if
high manganese accomplished the same
results as does controlled purity, there
are magnesium alloys for which high marr-
ganese is either impractical or undesirable
for other reasons.

The justifiable criticism has been made
that the Hanawalt, Nelson and Peloubet
paper did not make clear why most, if
not all, of the data were obtained on * as
cast ” metal. The premise on which this
choice was made is clearly brought out in
the present paper, but, unfortunately,
was, through oversight, left out of the
earlier work. The experimental result is
that, whilst AC, HT and HTA states have
large differences in salt-water corrosion
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rates if Fe is high, corrosion rate is inde-
pendent of state for high purity Mg-Al-Mn
alloys. This statement applies to heat
treatments for Al solubility or precipita-
tion as used in the present paper. Heat
treatments at an entirely different tem-
perature may provide another result.

With respect to the atmospheric data
presented by Fox and Bushrod, the fol-
lowing comments are offered:—

1. Based on long experience with
atmospheric exposure tests, it is felt
that any time less than a year or two
is far too short to show any depend-
able trends.

2. Weight loss data are also of
questionable utility in atmospheric

exposure evaluation. Most such
data are presented in terms of per-
cent. loss in tensile strength. The

weight loss figures given by Fox and
Bushrod would all be considered to
be in the same scatter band with the
exception of the one point at about
0.001 to 0.01 percent. Mn.

In view of these considerations, the con-
clusion t'hat atmospheric data indicate the
need for high (0.2 per cent.) Mn seems
unsound. The idea is not without merit,
however, and the results of long-term tests
would be anticipated with interest.

Summary
The significant factors concerning the
corrosion behaviour of magnesium alloys
are suggested in the following paragraphs:
Common magnesium alloys, regardless
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of their purity, are extremely resistant,
even when unprotected, to the corrosion
attack of ordinary atmospheres. When
epainted and protected in the recom-
mended manner, they will show negligible
change in appearance or properties after
10 years’ atmospheric exposure.

If maximum resistance to salt-water
corrosion, either in the form of coastal or
shipboard atmospheres or direct immer-
sion, be required, it is desirable to control
the purity of the alloys to within the
tolerance limits outlined in the earlier
paper of the authors. |If the alloys be of
controlled purity, there is no harmful
effect in the usual heat-treating or ageing
procedures.

REFERENCES

(1) F. A. Fox and C. Bushrod; “]. Institute of
Metals,” Vol. 70, pp. 325-338, 1944. (2) J. D.
Hanawalt, C. E. Nelson, and J. A. Peloubet ;
Metals Technology, September, 1941.* (3) H.E.
Bakken; U.S. Patent 1,584,688. (4) J. A.
Peloubet; “Metals and Alloys,” Vol. 21, No. 5,
p. 1327. (5) H. W Schmidt ; *“Aeronautical Eng.
Rev.," Vol.2,No.6, June, 1943. (6) /. D. Hanawalt
and R. E. McNulty; Trans. The Electrochemical
Society, 1942, pp. 423-432. (7) J. Crowther; “J.
Institute of Metals,” Vol. 70, pp. 592 and 593,1944.
(8) E.A.G.Liddiard; “J. Instituteof Metals," Vol.
70, pp. 593 and 594, 1944. (9) L. F. LeBrocq;
"J. Institute of Metals," Vol. 70, pp. 594-596, 1944.
(10) Schmidt and Beck; U.S.P., 2,029,898.
(11) A. Becl; Technology of Magnesium and Its
Alloys, London, 1940, pp. 318 and 319. (12) C. E.
Nelson; Metals Technology, August, 1944.
(13) F. A. Fox and C. Bushrod ; "j. Institute of
Metals." May, 1945, pp. 255-265.f

ABSTRACTS.

* Alternate immersion tests in 3 per cent, aqueous sodium chloride solution were used to study the corrosion
resistance of very pure (99.983- percent.) magnesium, and alloys with aluminium, magnesium, zinc, iron, nickel, copper,
silicon and lead, singly and in various combinations. Pure magnesium is very resistant to salt-water carrosion, and
this resistance is little affected bv amounts of iron up to 0.017 per cent, but greater amounts of iron produce enormous
increase in the corrosion. This “ tolerance limit" is greatly affected by the presence of other elements, thus with
7 per cent, aluminium the tolerance limit for iron is only about 0.0005 per cent. Similar tolerance limits are found
for nickel and copper, and are not connected with the solid solubility limits. An electro-chemical theory is advanced
in evolving the conception that increased corrosion occurs when a critical concentration of cathodic particles is
reached. An appendix is detailed of spectro-chemical methods of analysis.

f Magnesium alloys of the chemical composition reauired by D.T.D. specification 59A have been examined for
corrosion-rcsistance. The specimens were in the form of cylinders machined from ingot and were in three different
structural states : as cast, solution treated, and fully heat-treated. The samples had approximately constant
aluminium (8 per cent.), zinc (0.5 per cent.), and manganese (0.25 per cent.) contents and carried varying iron
contents down to 0.001 per cent. The nickel content of all specimens was 0.0022 per cent, or less. It has been found
that where, as in this case, the manganese is in the range 0.20—0.30_per cent, variations in the iron content have no
appreciable effect on the results of either atmospheric tests or total-immersion tests; this applies to all three structural
conditions and to the alloys of very low iron content. It has been found that material in the solution-treated
condition corrodes faster than that in other states when tested by complete immersion, irrespective of the iron content;
under conditions of atmospheric exposure, however, the material in all three structural states shows similar corrosion-
resistance. Possible reasons for this difference in behaviour under the two conditions of test are discussed.
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Attention is Directed

Particularly to the Illustrations Showing Valuable Appli-

cation of Extruded Sections

m perature limitations with respect
to the use of light alloys clearly restrict

in Transport Engineering

thickening of the film by anodic oxidation
has led to developments of the greatest

their use in such fields as steam-turbine con-technical importance, and has furthered the

struction or for the more highly stressed
parts of gas turbines; neither their corrosion
resistance nor abrasion resistance are suit-
able for such purposes as these. However, in
contrast to structures designed for use at
high temperature, those designed for opera-
tion at moderately low or even extremely
low temperatures can frequently make good
use of light alloys. Thus, in the refrigera-
tion industry and in transport designed for
operation in polar regions or in the strato-
sphere, aluminium alloys offer great promise.
The peculiar properties conferred upon
the massive metal by the naturally occurring
oxide film which is always present may be
considered in conjunction  with  the
behaviour of aluminium at high tempera-
tures. At one time, this thin film of
alumina, the melting point of which lies
somewhere above 2,000 degrees C., consti-
tuted the greatest hindrance to the deve-
lopment of a satisfactory gas weld-
ing technique. However, in
another direction, the artificial

structural use of light alloys to no small
extent. Thus, the anodic film may func-
tion not only as a purely decorative device.

Fig. 7.—Light alloys in trolleybus construction.
Indicated here are features calling for the use of
extruded sections, the method of employment and
assembly of which is shown in the enlarged views.
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but as a means whereby the

high natural reflectivity for

light of the basis metal may be

preserved. The very high reflectivity

of aluminium in the infra-red region

of the spectrum is responsible for its
successful use in thermal insulating devices.
From the purely structural point of view,
the high permeability of light alloys to
X-rays has proved of great value both in
the laboratory and in the course of routine
testing.

W hilst on a pure weight basis the specific
heat and latent heat of fusion of aluminium
alloys arc between two and three times as
great as those of heavy metals, yet, on a
volume basis these differences become almost
negligible. The high heat conductivity
characteristic of aluminium can be turned
to good account in the construction of heat
exchange apparatus and the like.

Problems of vibration frequently call for
consideration when designing metal struc-
tures. Here, however, the effect of the low
modulus of elasticity of aluminium is, in
general, counterbalanced by its proportion-
ately low specific gravity. Recently drums
and rollers designed for taking up wire rope
have with advantage been provided with
aluminium surfaces, as the coefficient of
friction between steel and aluminium is
equal to many times that of steel on steel.
It is necessary here, incidentally, to dis-
tinguish carefully between an application of
this type and one involving direct rubbing
contact between normal aluminium alloys
and other metals or light alloys; this should
be avoided. It is also necessary to recall
that where low coefficients of friction are
desired, as for example, where steel shafts
are to run directly against light alloy, then
special compositions have been developed.

The precautions which must be taken in
aluminium structures to guard against
bi-metallic corrosion are well known; they
usually involve the use of an inert layer
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Fig. 8.—Street car
showing struc-
tural units built
up from light-
alloy extrusions.
The enlarged sec-
tional views show
how these are
combined to pro-
duce the requisite
forms.

between the two contacting faces concerned,
or the employment of some medium for
surface protection.

Very briefly we have presented here, in
outline, certa'in of the fundamental factors
governing the successful adoption of light
alloys for engineering structures. It remains
in conclusion to comment on the available
forms in which the metal may be purchased
for use; in this regard extruded sections

claim chief attention. Figs. 5 and 6 on
pages 467 and 46S, respectively, of the
September issue of " Light Metals,” illus-

trate some possibilities in this regard. Figs.
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Fig.. 9.—Like the trolleybus and street car, shown in previous
illustrations, the railway coach pictured here can also profit-

ably make use of extruded aluminium alloys.

Methods of

combining such sections and of assembly are indicated in the

enlarged views.

7, 8 and 9 in this conclud-
ing part of the account
show the use to which
some of these forms may
be put in practice.

A more detailed discussion on the
theory and practice of " light
design ” was presented by Koenig in lec-
ture reported in  Light Metals,” 1943/6/
514. Here, appropriately, argument centred
principally on the application of the tech-
nique to commercial vehicles. The conclud-
ing paragraphs of the discussion may well
be repeated here, both as a warning and an
encouragement to engineers contemplating
the increased use of light metals.

" In recent years, various technical and
economic difficulties associated with the
practical realization of light design in its
entirety have furthered light-material design
which ' enables the theory of true light
design to be in part, at least, achieved by
more primitive methods. This development
has been fostered by rapid progress in the
technique of the manufacture and working
of light alloys.

“ Vehicle construction in light metals
represents to-day a first step to the ultimate
attainment of real light design, not only
because of the saving in deadweight effected,
but also as regards the simplification in
production and handling which aluminium
and magnesium alloys have made possible.
Where heavy metals have reached their
limit in light design, then light metals come
into the picture, to extend the evolutionary
process.

“ Finally, it should be realized that the
light vehicle, whether the outcome of light
design pushed to the limit demanded by
theory, or attained in compromise by the
use of light alloys, will be the resultant of

a scientific blend-

ing of heavy
metals, light
metals, plastics

and wood, specific-
ally used in those
particular spheres
where fullest ad-
vantage can be
taken of the special
properties of
each.”

Perhaps, as a
result of recent ex-
periences gained in attempting to
introduce light metals into fields
hitherto considered the particu-
lar preserves of the heavy ferrous metals,
emphasis must be laid on the need for
assuring that all mechanical-properties data
are up to date when considering the adop-
tion of aluminium alloys. Older reference
books, still accepted as standard works by
many branches of structural engineering,
are often hopelessly inadequate and mis-
leading in this respect, and final decisions
should always be based on information
obtained from, or confirmed by, the appro-
priate departments of the light-alloy pro-
ducing or fabricating concerns.
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ESS table for “quadrivalent total chess,”
according to the system developed by

Charles Beatty. Designed and constructed by

J. Starkie Gardner, Ltd., itis built in aluminium
and Perspex.

LIGHT METALS 509

General, Technical

and Commercial

Total Chess

OWN here are views of boards for

uadrivalent total chess and total

draughts, according to the system devised
by Charles Beatty, of Trelydan Hall, Welsh-
pool, Mon.

The board at the left, designed and con-
structed by J. Starkie Gardner, Ltd.,
consists, as may be seen, of a base built up
of accurately machined aluminium squares
alternately anodized to present a clear
metallic surface and a black dyed finish.
These squares are held together in an
aluminium frame and are mounted on a
heavy aluminium baseplate; their upper
surface is covered with a sheet of clear
Perspex. Superimposed above the squares
are two or three sheets of heavy Perspex,
accurately engraved into squares cor-
responding to those on the board; these
subsidiary “ planes " are located by means
of four corner posts consisting of a through-
rod passing through appropriate holes in the
Perspex sheet, spacing being by means of
tubular aluminium sleeves.

The chess men shown here were made by
J. Starkie Gardner, Ltd., from a special
design of Ralph Lavers. They are
machined from solid Perspex left respect-
ively clear and chemically finished in
a black dye, the stem of the chess men is
finished matt, 'base and head being polished.

The board is made with standard 1;-in.
squares or in club size with 27-in. squares.

ARD and men for

“total draughts,”

according to the
system of Charles
Beatty. Like the chess
table shown above,
this set was designed
and constructed in
aluminium and Per-
spex by J. Starkie
Gardner, Ltd.
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RTHER example of chess-board for

* Quadrivalent total chess ” by J. Starkie

Gardner, Ltd. Materials used are, again,
Perspex and aluminium. The men, de-
signed by Ralph Lavers, are in clear and
black-dyed Perspex.

We understand that printed rules for
these games will shortly be made available
by Mr. Charles Beatty. Incidentally, they
show' no radical departure from those
applying to normal two-dimensional chess.

The low'er illustration on the preceding
page shows a board and men for “ total
draughts.” Like the chess-boards, the
former, built up of aluminium and Perspex,
is the work of J. Starkie Gardner, Ltd.
We are assured by Mr. Charles Beatty that
" three-dimensional ” draughts is, essen-
tially, no more difficult to play than the
normal game.

W elded Pontoon Bridge

UST before the end of the Pacific War,
the U.S. Army had approved fabri-
cation of an aluminium pontoon bridge
by w'elding with the atomic-hydrogen pro-

cess, and also use of the more recently
developed inert-arc, a.c. process without
flux. Whilst the bridges are not likely to

be built now. the approved method of fabri-
cating is a step towards more welding of
aluminium structures in peace-time.
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The pontoon bridge consisted of a series
of baulks or hollow square beams of alu-
minium alloy, light enough to be placed by
hand, but strong enough to bear 50-ton
loads. The beams lock together with pins
and form a flooring which rests on pontoon
boats. Original specifications for the baulks
or beams required automatic carbon-arc
welding on longitudinal seams, two seams
being required to make a box section from
two extruded channels of light alloy.
Samples of atomic-hydrogen and inert-arc,
a.c. welding were made up at the Copco
Steel and Engineering Co. by G.E. engi-
neers and submitted to the Army Engineer
Board. The inert-arc process received
approval for making manual closure welds
on the ends of the baulks.

It is claimed that use of either the atomic-
hydrogen or inert-arc process wall produce
higher quality welds and better contours at
higher speeds, and costs will be lower. In
the case of the inert-arc, a.c. process, it is
argued that time and cost will be reduced
by the elimination of flux and usual pickling.

New Synthetic Stone

ANTED a patent in the U.S. is a
rocess which claims to produce a strong

and durable structural substance by mixing

alumino-silicic material with anhydrous
alummo-silicate material in the presence of

water and an alkaline-earth base. The
patentees are Paul W. Jones and John W.
Swezey, of Lafayette, Ind., who were
granted Patent numbers 2,382,154 and

2,382,155 and assigned them to the Rostone
Corp. of Lafayette.

The patents refer to the resulting sub-
stance as " stone.” Solid materials in the
formula are all finally divided in the process
and only a moist heat treatment is claimed
to be necessary to agglomerate the particles
into the final conglomerate.

In Search of Aluminium

T will be recalled that in the account
Ientitled ” In Search of Aluminium,” which
appeared in the September issue of “ Light
Metals,” an outline was given of the present
status of light alloys in France. Since then,
further details have come to light. For
example, at Chambery, a school has been
built for technical instruction in the working
of light metals in industry. The course
given, here is intended to direct apprentices
and young engineers into that branch of
their profession most suited to their par-
ticular personal ability.
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Aluminium—W ar to Peace

HE " Aluminium Kitchen Quiz,”
Torganized by A.D.A. in connection

with the recent showing of the Aluminium

Exhibition at Selfridges, London, has pro-
voked the following commentary:—

" Looking through the August issue of
" Light Metals ’ in which my company is
an advertiser, my attention was suddenly
stopped by the article ' Aluminium Kitchen
Quiz.” The article seemed of such interest
that | took it home for my wife to read as
we both of us are very interested in cooking,
both English and Continental, and due to
war-time domestic difficulties spend much
more time in the kitchen than normally—
probably to our great amusement.

" One point seems to have been com-
pletely overlooked in the article. It appears
to be a universal wish that both saucepans
and frying pans have a lip for pouring, but
nothing has been said about the efficiency'
of this spout or lip for clean pouring. So
many, even good quality pans, have lips
that appear to be just a dent in the side
which almost invariably will not pour
properly. 1 have in mind a very good
quality saucepan at home made of really
heavy-gauge metal, flat-bottomed, with a
lip at both sides which would only pour
cleanly a very small stream of liquid. The
slightest increase in volume immediately
gives you a flood running down the outside
of the saucepan. It would appear that the
designing of a lip to pour cleanly under all
reasonable conditions is a matter for great
care and accuracy. This bad pouring
facility is trouble enough with a saucepan
containing ordinary liquids, but can be
disastrous with hot fat from a frying pan.

" Secondly, all pans should have a really
flat bottom, not necessarily machined to the
degree of precision required for electric
stoves, but at least approaching this
standard. Modern gas stoves have a
circular removable metal plate usually found
over the griller. The full use of the waste
heat from the griller can be made only if
the bottom of the saucepan is flat and
makes good contact with the metal plate.

" Thirdly—insulated plastic handles are
essential. Those indicated in the sketches
in some cases appear to be too long. In the
case of small vessels sufficient for one hand
to grip is all that is needed, but in the case
of big frying pans and big saucepans the
handles should be just long enough for a
comfortable two-hand grip.

“ Fourthly—Kkettles.  The opening for
filling should be large enough for the inser-
tion of the hand. In districts where water
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is hard a considerable amount of *fur
rapidly accumulates, and being heavy this
is not the easiest thing to tip out. The
question of refilling a kettle just used and
the liability to scalding the hand from
escaping steam front the body can perhaps
be lessened by placing the opening and lid
as far back as possible from the spout, and
having the handle with a three-point sup-
port, more or less Y-shaped, a single leg
being over the spout and the two remaining
legs widely dispersed at the rear. This gives
free access to the opening for the tap and
carries the steam away from the hands.
The steam escape hole or whistle can also
be fitted right at the back.

" Finally—an article not mentioned in
the Quiz, i.e., the triangular sink basket.
| have seen this made of almost every
material possible, from enamel ware to
plastic, and every one that | have seen has
the same fault. All of them have a number
of fair-sized holes in the bottom, sometimes
artistically arranged in pretty patterns, but
not one of them has a hole right in each of
the three corners. The result is that when
the basket is drained previous to emptying
the contents into the dustbin a teaspoonful
or more of water remains in the pocket at
the corner between the walls and the nearest
hole.”—W. G. Cullen, Deputy Managing
Director, Photostat, Ltd.

The Light-alloy Motorcar

E subjoined abstract from the U.S.
periodical, ” Automobile Topics,” June,
1945, indicates that the motor industry

America is likely to pay increased attention

to light alloys:(—" Aluminium ‘ Come-back ’
is a strong possibility for the near future.
Four vyears ago the price was around

20 cents per Ib., but increased production
for war has reduced the price of ingots to
about 15 cents and pig aluminium to 14
cents per Ib. to-day, with corresponding
reductions in price of fabricated products.
In the automotive industry, aluminium has

been wused at various times for cylinder
blocks and heads, pistons, crankcases,
transmission cases, fenders, hoods, body

panels, and structural shapes and sheets for
bus and truck bodies and tanks. All of
these uses may be revived and expanded,
with lightweight Diesel engines offering an
additional field for development.”

Mistakes Aid Reconversion

the use of what was labelled " com-
ercial-grade ” aluminium, a wide range

of manufacturers in the U.S. were enabled

n
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to reconvert to civilian production before
top grade light metal could be released from

war.  The metal concerned consisted of
sheet made for aeroplane fuselages and
wings, but rejected by the Army or the

Navy because of certain surface imperfec-
tions. This was disposed of to plants which
had received cutbacks or cancellations of
war contracts before the war’s end and were
able to reconvert to civilian output, but
needed raw materials.

The result was that a considerable quan-
tity of this commerciul-grade aluminium
began going into products such as chairs,

burial caskets, meter boxes, frying pans,
steak platters, cookie sheets, casseroles,
dustpans, metal awning frames, costume

jewellery, cake covers and pancake turners.

Aluminium Coaches and Trams in U.S.A.

IFH the object of reducing operational
nd maintenance costs and at the same

time improving appearance,
Motors Co., Philadelphia, Pa., has brought
out a line of aluminium-alloy buses and
tramcar bodies. The body and underframe
of the new bus are almost entirely of high-
strength extruded aluminium alloy Lbeams
or structural shapes. Body posts are
flanged extrusions of aluminium alloy and
the side and panels are of aluminium sheet
with riveted construction. Lower edge of
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each side of the bus is reinforced against
damage by an extruded aluminium section
which also adds stiffening to the body skirt.
Aluminium is also used for many of the
fixtures inside and for the extruded frames
of the windows and the baggage racks.

In Chicago, 111, the Travelite Trailer Co.
has designed a new automobile trailer for
family use which is claimed to save 600 to
700 Ib, of weight by wide use of aluminium
in the construction. Aluminium is used
extensively in the body and frame and for
interior fittings. The " Homette,” as the
trailer is named, contains three rooms, nine
windows and a complete built-in kitchen and
sleeping quarters for four persons.

Plastics Assist Aluminium

N interesting example of co-operation
Axetween plastics and aluminium men-
ioned in Alco Newsletter is found

design of a new type of fluorescent lighting

unit, using a patented axial-plane mounting

ACF-Brillof lamps.

This involves the placing of one lamp in
front of the other rather than in the con-
ventional horizontal arrangement. The
light from each lamp is thus reflected
symmetrically from a smaller reflector.
Aluminium specular reflectors are used,
giving a combination of permanence and
high reflectivity, while a louvred, lami-
nated, cellulose acetate sheet is used as a
shielding to prevent glare.

B.E.M.A. EXHIBITION

TABLE amongst the items shown at
he exhibition recently organized at the

These castings, which are depicted in accom-
panying illustrations, form part of the

Victoria Rooms by the Bristol Engineering assemblies which, ultimately, are to figure

Manufacturers’ Association were those
which, in various forms, made use of
aluminium and magnesium alloys.

Magnal Products, Ltd., of Warmley,
showed on its stand a variety of light-alloy
castings in aluminium and magnesium pro-
duced by the sand, gravity and pressure

methods. Of particular interest were sand
castings simulating in appearance side
views of motorcycles, tanks and jeeps.

CPECIMENS of

window furniture
cast in light alloy by
Magnal Products, Ltd.
T:;hese items are
polished and finished
in natural aluminium
colour.

among the apparatus in an
amusement park.

We are given to understand by Mr.
Frank Hawtin, for whom they were made,
that children of to-day are no longer
satisfied with conventional roundabout
horses, chickens and the like, but demand
objects more in keeping with this mechan-
ized age. We were further told that broad
accuracy in outline and equipment is very

up-to-date

in the
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R IGHT. An-

other example
of modern Fun-Fair
apparatus; side
casting for “ tank ”
produced by

Magnal Products,
Ltd., for Mr. Frank
Hawtin.

essential, as children will not tolerate any
obvious inaccuracies.

A further exhibit on the stand was a small
group of window furniture in cast light
alloy, finished in the natural colour of the
metal. Particularly striking were one or
two castings designed to illustrate the pos-
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ICTURED at

the left is part
of a “ motorcycle "
assembly cast in
light alloy for Mr.
Frank Hawtin by
Magnal Products,
Ltd. Itis designed
for incorporation
into the equipment
of a Fair.

sibilities of a new lacquer finish developed
by Magnal Products, Ltd. The colours—
eau-dc-nil, Venetian red and chrome yellow
—possessed  notable " warmth " and
“ depth,” and would seem to have par-
ticular value for interior decorative effects.
The lacquers are, furthermore, excellent

CHOWN at the
kJleft, and analo-
gous to the castings
given above, is the
side of a “jeep,”
a further unit to be
incorporated by
Mr. Hawtin into
his Fun Fair. This
casting, and the
others on this page,
are about 50 ins.
long and weigh
some 30 Ib. each.
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A T the left is shown a com-

~ bmed secretaire and chest
of drawers fabricated in light-
alloy sheet by E.S.S., Ltd. The
same model with flap and
drawer open is pictured at the
right. Immediately below is a
pedestal desk of conventional
form, built up entirely of light-
alloy sheet, whilst the bottom
illustration shows a dirty-kit
locker, also in light-alloy sheet,
designed on severely utilitarian
lines for ship’s use.

October, 1945

in direct contact with bronze
bearings, it was found, in
practice, that seizing occurred
very readily. The journals of
the roll were, therefore, cut
back and faced with high-
carbon  steel applied by
spraying. In this way, per-
fectly satisfactory running
was achieved. Incidentally,
one such knife roll was found

in a building  severely
damaged by fire as a result
of enemy action. It had

been partly fused and, on
examination, it .was found
that the light metal had run
from the journal, leaving the
high - carbon - steel facing
annulus still intact.

Philpott and Cowiin, Ltd.,
of Victoria Street, Bristol,
showed amonst its exhibits
sand and die castings in
Alpax. Amongst other
exhibitors were Aero Engines,
Ltd., on whose stand was
shown a new Douglas trans-
verse twin motorcycle. Bristol
Aeroplane  Co. showed its

surface protective media against corrosion.
Another panel .showed small samples of
M.G.2 sheet anodized and dyed in a range
of pleasing shades.

Bristol Metal Spraying and Welding Co.,
Ltd., again, amongst numerous other
exhibits, showed one of particular interest:
this was a knife roll in R.R.56. Designed
originally to run with light-metal journals

Hercules 14-cylinder sleeve-valve radial
engine; this- unit develops over 1,650

b.h.p.

EF.)S.S., Ltd., of Feeder Road, Bristol,
showed, amongst their many exhibits, a
combined secretaire and chest of drawers,
a pedestal desk and a dirty-kit locker, all
fabricated in light-alloy sheet. Detailed
specifications for these are as follow:—
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Combined secretaire tallboy and chest of
drawers.

Mainly constructed of 18 S.W.G.
aluminium.

Overall dimensions: 2 ft. 9 ins. by 1 ft.
94 ins. by 5 ft. 4 ins.

Approximate weight: 126 Ib.

Finish grey, stove enamelled.

Plastic handles and catches;
inlay on writing table.

(This item is made in three built-up sec-
tions to permit of easy passage through
hatches and bulkhead openings.  For use
on shore establishments, it could be made in
one-piece construction.)

Pedestal desh.

Mainly constructed of 18 S.W.G.
aluminium.

Overall dimensions: 4 ft. 04 in. by 2 ft.
01 in. by 2 ft. 6 ins.

Approximate weight: 105 Ib.

Finish grey, stove enamelled.

Plastic handles and catches;
inlay on top.

Dirty-kit locker.

Comprising one to five compartments,
each measuring a cubic foot internally.

Constructed mainly of 22 SW.G. body

L.16

black lino

L.16

black lino

P ressure D i

N answer to Erickson's observations and
Icriticisms contained on page 471 of this
issue of " Light Metals,”
replies as follows :—

“ | thank you for the opportunity of
replying to Erickson's criticism of my notes -
on his article in ' Light Metals,” 1945/8/173.
Let us take his four points.

E. Carrington

“ Mechanism of Die Pill.

" Erickson says that | have ' failed to
demonstrate that the description in my"
article of the manner in which cavity CDE
filled is not an accurate description of how
the die actually did fill in use.” It was not
up to me to do so. It is the job of the
writer of an article to do the demonstrating,
and | am simply showing that there are
other ways of looking at the problem, and
that one of them may be nearer to the truth
than Erickson’s. Erickson has not tried to
demonstrate anything; he has assumed, and
assumed without sound reason.

" | am, of course, quite aware that Erick-
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with doors in 24 SW.G. D.T.D. 213.A
aluminium-manganese alloy.

Anodized.

Piano-type hinges. Tucker hollow rivets
throughout.

Approximate weight: 3| Ib. per com-
partment.

It should be added that the purpose
of the dirty-kit locker is different from that
of the other furniture, as it is installed in
banks in the seamen's quarters and is used
for the same purpose as a dirty-linen
basket. No particular attention has, there-
fore, been paid to the decorative finish of
this item, the sole consideration being to
obtain as much space as possible within the
weight limits and without waste of deck
space.

Particular attention is drawn to these
items, as, whilst they preserve the outward
form and general appearance of the con-
ventional wooden types, they do, in fact,
represent radical progress in design,
inasmuch as, in compactness and method
of assembly and operation, they achieve a
degree of perfection quite impossible of
attainment by the cabinet-maker's art.
Accompanying illustrations show the
general appearance of the items enumerated.

e C asting

son's cavity CDE has no restrictive gate,
but is as shown in his Figure 3, Diagram B.
My object in introducing Koster and
Gohring’s diagram was not to show what
happened in the cavity CDE, but to show
what could and probably did happen before
the metal reached the cavity CDE. Erickson
has completely ignored this point both in his
original article and in his reply to my criti-
cism. Koster and Gohring showed that
when the molten metal passed along a
curved cavity, it went along the outside of
the cavity and trapped air on the inside. In
Erickson's mould we have a butt, into
which the metal is injected in a haphazard
way, and this mixture of splashed metal and
air is sent along a tube having a double
bend. (Figure 2, original article, p. 174))
| think that it is quite logical to expect it to
take a path roughly as shown in Fig. 1 in
this reply, and hence, when the incoming
metal reaches the narrow part of the cavity
CDE, an appreciable amount of air is
trapped and may still be trapped when the
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cavity GUI is filled. | hope that | have
now made this clear, as it seems to me to be
a point of fundamental importance. The
design of that part of the die between the
molten metal and the entrance to the cavity
ODE requires a great deal of thought and
experiment before it can be confidently
asserted that the metal reaches the cavity
ODE as shown in Fig. 1, and | must con-
fess that | cannot think of a design which
would satisfy the conditions required. In
passing, | would point out that Erickson
says in his criticism that ‘ the metal forced
the air present in the cavity CDE and the
air present in the runner ahead of it, leaving
no air behind. (See Fig. 1.)' But in his
Figure 2 (p. 474) he actually shows air being
left behind at the point where the cavity
CDE widens out again.

“ In his Figure | (p. 472), Erickson shows
a stream of metal injected into CDE
through a small gate. It is obvious even to
those without scientific training that the
stream will not be straight as shown, but
will be pulled down by gravity and will be
more as shown in Fig. 2 here. It is
important that such diagrams should be
factual rather than ideal. Gravity cannot
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Fig. 1.—Suggested track of metal
stream on entering cavity CDE:
diagram at left—first injection of
metal, splashing and admixture
with air. Diagram at right—flow
of metal after butt has been filled.

be ignored and will have a fundamental
effect upon the kind of bars obtained.

“ Discarding Defective Test Bars.

“ 1 have again read Erickson’s opening
paragraph. It says: ' to determine
specifically the effect which trapped air
(necessarily confined within the die cavity
of the steel die moulds used in the manufac-
ture of pressure die castings) has upon the
solidification of the molten metal
(The italics are mine.) In order to find the
effect of trapped air, he throws away the
bars which have most of it, or, at any rate,
those in which it shows most! Incidentally,
‘ purpose of the experiment’ originally
given is quite different from that given in
(2), second paragraph.

" | am afraid that | do not understand
the paragraph dealing with the comparison
of sand and chill test bars. | have not come
across the term ' host to defects,” and the
whole illustration has little bearing on the
prohlem. The inclusion of all the test bars
was important from two points of view. In
the first place, we are trying to get at the
truth—the whole truth. Erickson is inves-
tigating the effect of trapped air. He gets

Fig. 2.—Probable track of stream of metal illustrated in Erickson s Figure 1 (p. 473) when allowance

is made for effect of gravity.

Note line AB in Erickson’s Figure 1 and Figure 2 with blank

space on left illustrating his complete indifference as to what happens to the metal before it
reaches cavity CDE.
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bars which are ' defective," not because of
cold sheets, large grain size or any acci-
dental cause, but because of trapped air—
and they are thrown away! It is important
that we should know how bad a bar can be
when cast under those conditions, but,
instead of finding out, he ignores the fact
that it is bad at all. In his original article,
second paragraph, Erickson says: *This
porosity is indirectly responsible for (1)
the almost universal opinion of engineers
that pressure die castings are inferior to
sand and gravity die castings as regards
uniformity.” He has shown this lack of uni-
formity quite glaringly in his experiments,
but throws the bad bars away.

" The second point of view is the
economical one. We must assume that
these experiments are intended to have a
bearing on practical die casting problems.
Would Erickson throw away 70 per cent,
of his commercial castings? If he were
asked to quote for castings, would he ignore
the possibility of 50 per cent, scrappers and
risk a dead loss, or would he do some sums
and work out a fantastically high price,
based on high losses? His answer will
probably be that the experiments are
academic rather than commercial; but | say
that, in any case, full facts should be
reported. Moreover, if more than 50 per
cent, of the bars have to be discarded, the
discarded bars should be regarded as the
type made under those conditions, and it
would be better to scrap the whole lot than
to report on the minority.

" Failure to Employ Vents.

“ The question of venting is not import-
ant here. | merely thought that as Erickson
mentioned it as a way of improving castings
(third paragraph), it would have been help-
ful to have tried their effect in the course
of the experiments.

* Radiographic Inspection.

“ This portion of the criticism is most
confusing. Erickson tries to explain at
some length that radiography will detect
pores, but not dissolved gas. He has
strongly emphasized the point that the bars
used in his tests were ' absolutely free * from
porosity and that hundreds of thousands of
aluminium-alloy porous-free castings have
been made in America. Now, in his criti-
cism, he admits that ‘micro-radiography,
on the other hand, revealed the presence of
ultra-fine evenly distributed micro-porosity.
What are we to make of all this? Surely
micro-radiography is radiography, and
surely micro-porosity is porosity? Either
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the pores were there or they were not, and
no amount of hedging will hide the fact that
they were there, and that radiography
revealed them. | always take the expression
“absolutely free ' to mean, literally, ' abso-
lutely free," and the bars used did not come
under this category as regards porosity.

"1 do not think that any responsible
radiographer in this country would fail to
detect micro-porosity by ordinary radio-
graphy.

" | note that radiography was carried out
to Government specifications. It is a pity
that while Erickson describes his melting
practice, which we should look upon as
routine practice, he gives no details as to
radiographic technique, which probably
differs from British technique. Neither does
he show any radiographs, although he shows
a large number of photomicrographs.

“ Reply to Other Remarks.

“ Erickson says: ' Microscopic porosity-
free aluminium alloy die castings are no
longer a goal in U.S.A.—they’re a fact ’!
and yet he now admits that his own *abso-
lutely porosity-free * test bars contained
micro-porosity. Moreover, in his original
article he says: ‘ Manufacturers have
attempted by the employment of various
techniques to manufacture porosity-free
pressure die castings for over 30 years,” but
he doesn’t say that they have succeeded,
and | still don’t see how they can. If they
can, what is the use of research work such
as Erickson’s?

" As regards the gases used in earlier
experiments, ' it is not stated that the gases
were not dried.” Neither is it stated that
they were, and | still say that this is an
important point and should not have been
omitted.

" As regards my point about the *stew-
ing ’ experiments (* under such conditions,
when neither oxidation nor gas absorption
can take place ’), | have not even put for-
ward a hypothesis, let alone tried to conclu-
sively verify it. | am simply making a
statement based on years of melting prac-
tice.

“ Before coming to the last paragraph, |
would point out that Erickson has omitted
to say one word about my criticism of his
tables of physical properties, and | can only
assume that he agrees that his conclusions
cannot be substantiated.

“ The last paragraph reflects the spirit of
the whole criticism, which, in effect, says
that those who disagree with Erickson have
either failed to understand the various
papers referred to, or have misinterpreted
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the original article. Other passages rather
suggest that | am ' getting at ' him person-
ally, and | am answered in the ' let me tell
you ’ style of one of our comedians. One
of my own articles in your journal is at
present being criticized by a responsible

metallurgist, and | would not dream of
answering in such a way. The object of
technical articles, and of any discussion

which they cause, is earnestly and humbly
to search for the truth, and, in doing so,
many of us will make statements which will
be proved to be wrong, but that does not
matter in the least so long as our search for
truth is sincere and impersonal.

* 1am one of those who have unbounded
confidence in the future of aluminium alloys
and who will do anything to encourage their
use where such use would be worth while;
but | shall always be ready to criticize any
attempt to make these alloys appear better
than they actually are.

“In my opinion, Erickson's investiga-
tion should have been preceded by a great
deal of introductory work, to find out (1)
how the metal actually did enter the mould.
This would require a great deal of laborious
trial and error. (2) The actual gas content
of typical bars- (' good * and * bad ’ bars
included) by vacuum fusion. (3) A correla-
tion of gas content, micro appearance and
radiographs. (4) How to obtain a reason-

LIGHT-ALLOY

E following letter has been received

regarding a discussion, which appeared
in " Light Metals,” 1945/8/417, on the use
of aluminium in automobiles: —

* Two points in * The Light Automobile ’
(" Light Metals,” September, 1945) need
either correction or explanation.

On the basis that ' every pound of light
alloys introduced saves a pound in all-up
weight * and that ' it is possible to substi-
tute about 40 per cent, of the ferrous
material in a normal car by light alloys,’
your contributor maintains that 0.30 ton
of a 0.76-ton car is convertible into light
alloys and that this would lead directly to
a like saving of 0.30 ton in weight.

"In short, he proposes to exchange
0.30 ton of ferrous material for 0.30 ton of
light alloys and to save 0.30 ton in the
process. This certainly is not easy to accept.

“ Earlier in the same paragraph, on
p. 423, your contributor calculates 40 per
cent, of the ferrous material in a normal car
of 0.76 ton total weight, and arrives at a
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ably uniform product. This work would
occupy several months, but is essential if
the actual investigation is to be started with
some knowledge of what is happening and
some means of checking the results.

" Finally, the question of the typist’s
errors, to which, I am told, | ought to have
confined myself. These are a most extra-
ordinary set of errors. | have never seen
any like them and do not expect to do so
again. In each case the sense of the
passage has been completely altered, and it
is most surprising to find, first, that they
were made, and, second, that the author did
not notice them. Actually, 1only assumed
No. 3 to be an error. | read the others as
written, and, of course, criticized them as
they appeared. Probably the fact that
Erickson has said nothing about them until
| have drawn attention to them is due to
postal delays.

“ 1 could say a good deal about serious
errors of this kind in a technical article, but
you, Mr. Editor, would not publish it,
although, as you have had your leg pulled
like the rest of us, you might be strongly
tempted to do so. | will therefore refrain

from tempting you, but will have the
effrontery to rob you of one of your
inalienable  rights by saying, * This
correspondence is now closed.” ”"—E.

Carrington.

MOTORCAR

figure of 0.30 ton, which would be approxi-
mately correct if all the 0,76 ton were
ferrous. In fact, part of.it consists of glass,
rubber, battery, upholstery, and other non-
ferrous materials. Analysis shows that not
more than about 80 per cent, of a normal
car is ferrous.

It would seem, therefore, that the
weight replaceable by light alloys is only
0.24 ton instead of 0.30 ton, and that this
must be replaced by 0.12 ton of light alloys
if there is to be a pound-for-pound saving
in weight. In short, the weight saved would
be 0.12 ton and the final weight of this car
would be 0.64 ton instead of the 0.46 ton
anticipated by your contributor.

" The difference is so great as virtually
to destroy the whole of your contributor’s
subsequent argument, but | feel that the
reduction of the weight of automobiles is so
important that the article, as published, may
create an expectation of bigger benefits from
light alloys than they can, in fact, provide.”

E. P. Willoughby.
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. the provision of a metallic
distortion-free hearth for heat treat-
ment furnaces. The advantages of
such protection are well known, but
until now the genera) use of hearth
plates has been hindered by their high
distortion, with attendant charging
and discharging difficulties, and re-
latively short life.

Incandescent Heat

LONDON OFFICE :

16 GROSVENOR

LIGHT METALS

Co. Ltd.

PLACE,

SMETHW

LONDON,

Advts. xxiia

NICROTECTILES eliminate’ all
these disadvantages and provide
complete hearth protection with-
outdistortion. Additional features

are : rapid heat recovery, easy
charging and discharging, even
heat distribution, long life and
easy and rapid installation. Re-

quest leaflet E, 10 for details.

solution

ICK *STAFFS
Telephore : smMEthwick 0875 (8 lines).

Tiltphft* : sLosn* 7803-9818.

S.W .I.
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C oal-g as I'ndustry

P resenting the First Part of an Exhaustive Survey oj

the Theory and Practice of the Application of Light

Alloys in Coal-gas

HE role of light metals in the gas
T industry forms a particularly interest-
ing study for two reasons. First,
unlike, say, the paint and varnish industry,
where the use of light metals figures
largely in the manufacture of the product
but scarcely at all in its distribution and
application, or in certain other branches of
the chemical industry where the reverse
conditions mainly apply, aluminium is
equally important and exhibits a similar
degree of versatility in the diversity of its
applications both in the production and
in the consumption of gas. In this respect,
too, it differs markedly from its position
in the gas industry's most serious com-
petitor, namely, the electricity supply
industry, where light metals are employed
so extensively in the distribution of power
and in its conversion into other forms of
energy, but possess only a very limited
application in the generation of electricity.
The second reason is that, with only few
exceptions, the main attraction of alu-
minium is to be found in such characteristics
as resistance to oxidation at certain elevated
temperatures commonly met with in the
production and consumption of coal gas
and to tarnishing at ordinary temperatures,
its good heat conductivity and low emis-
sivity, the numerous attractive finishes in
which it can be obtained, ease of fabrica-
tion, and, perhaps most important of all,
its good resistance to the corrosive fumes
and liquors indigenous to the production
of coal gas and to the products of gas con-
sumption, in which respect aluminium is
vastly superior to iron, steel and copper-
base materials. In other words, the value
of aluminium to the gas industry is due in
the main to characteristics other than low
density and adequate strength properties,
which are, perhaps, the best-known attri-
butes of the light alloys and the properties
for which they are so rightly famed in
many branches of industry, including the
chemical industry in many of its ramifi-
cations.
This is not to say that the low density
and adequate strength properties of the

Production

and Consumption

aluminium alloys are unimportant. In
point of fact, in the ensuing review, quite
a number of instances will be given where
these characteristics have been the deciding

factors in the choice of material. It is,
however, refreshing to find a field of
industry in which other valuable charac-

teristics of the light alloys have not been
overshadowed by this particular property,
excellent though it is, and a timely
reminder that aluminium bases its claim for
industrial consideration on a combination
of properties which is unique among avail-
able materials of construction and which
enables it to fulfil many roles in diverse
fields of application with greater success
than other available materials.

The particular properties which make the
aluminium alloys of such value to the gas
industry are not possessed to anything like
the same degree by the ultra-light alloys
and, in consequence, magnesium and its
alloys scarcely come into the picture.
Throughout the whole of the literature,
there does not appear to be a single
reference to either an actual, or even a
potential, application of the ultra-light
alloys in gas production or consumption.
We can visualize a few; for example, cer-
tain parts of the framework of heavy'
street-lighting fixtures, minor parts of port-
able gas fires, wheelbarrows used in the gas-
works and gas-fitters’ tools, all applications
where the utmost reduction in weight is to
be achieved and where requirements as to
corrosion resistance, etc., are less stringent.
But these are all very minor applications
and offer no challenge to the predominating
importance of aluminium in this field.

We may add a third reason for the par-
ticular interest attaching to the use of
aluminium in the gas industry, and that is
simply that aluminium has so much to offer
to the gas industry' and, in consequence,
the scope for aluminization is corre-
spondingly' wide. Already, many gasworks
have made extensive use of the light metal
and post-war industry' is planning to make
good use of it in domestic and industrial
gas-consuming appliances.
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THE STORY CAN NOW BE TOLD

During the Wi year«« we at Powderloys did not
advertise, But the output ol our factories poured
into the war machine in an ever increasing stream.
Our output grew a the war effort of Britain and her
Allies continually mounted. And our never-ending
research into all aspects of Powder Metallurgy put us
in the forefront of metal powder producers.

To-day we arc equipped and ready to assist all Industry.
.Our powders arc rigorously quality-controlled for
purity. We can supply almost any metal or alloy
powder with specific qualities required for most
Powder Metallurgy applications.

OLR PRODUCTS INCLUDE

Alloy Powders for Sintered Permanent Magnets
Powders for Sintered Metallic Friction Materials

Metallic Lead Powder for Pigments & Lead
Accumulators
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Oacfroefot/ourfuperod
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J  TORRINGTON AVNLE GOVENTRY.
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Control tem perature and

Sound, heat-saving
Suggestions

There are two main ways ofsaving heat— and fuel: (1) don’t apply
to a job any more heat than it needs, and (2) prevent heat from
getting away unused. <« The solution for (1) is often therm ostatic
control, and for (2) proper insulation of all hot surfaces.

On both subjects first-class advice is given in the following
Bulletins written by experts for your help and guidance

THERMOSTATIC CONTROL FOR HOT WATER ~ HEAT  INSULATION  (LAGGING)
AND STEAM (Bulletin No. 11) (Bulletin No. 2)

Describes the various methods of A concise reference-book on

automatic temperature control and
their application in central heat-
ing, hot water supply, process
heating, engine cooling (and waste

lagging materials and the effective
heat insulation of steam and hot-
water pipes, boilers, economisers,

heat recovery), steam production.
For the best results in fuel saving,
correct choice of the control
method for the particular purpose  |NSULATION OF FURNACES
is essential. The Bulletin will guide  (By|letin No. 17)

you in making that choice.

THERMAL  INSULATION OF BUILDINGS
(Bulletin No. 12)

Here, in condensed form, is a
complete guide to the insulation
of rooms and buildings to prevent
excessive loss of heat.

calorificrs, cylinders and steam
chests and other steam spaces.

The loss of heat from an uninsu-
lated, or badly insulated, furnace
may be more than 20%. Proper
insulation may reduce this loss to
less than 5%, resulting in a fuel
saving of 15%,

THESE BULLETINS are in every sense practical. They
provide specialist information for the managing executive
and the man on the job. Copies arc free from your
Regional Office of the Ministry of Fuel and Power.

ISSUED BY THE MINISTRY OF FUEL AND POWER
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A number of interesting exhibits at a
recent exhibition in London provided an
instructive illustration of some of the ways
in which this is being achieved. Neverthe-
less, in reviewing the realized applications
of aluminium in the gas industry one gains
the impression that there is a large area of
profitable ground still to be tilled and wide
tracts which have, as yet, not even been
charted. Altogether, the gas industry is
a valuable field for the exploitation of
aluminium and one in which this light
metal can perform, and, indeed, is already
performing, an extremely valuable function.

The Value of Aluminium to the Gas
Industry.  The Resistance of Light
Alloys to Chemical Attack

When coal is heated out of contact with
air, it undergoes certain complex changes
which result in the production of numerous
volatile gaseous, liquid and solid products
together with a non-volatile residue of coke.
The number of different products which
have been identified in the volatile pro-
ducts of coal runs in to hundreds, so that
the proof of satisfactory corrosion resist-
ance lies more in the results of practical
tests than on theoretical considerations.

The major materials present are, how-
ever, tar, ammonia, ammonium carbonate,
ammonium sulphide, carbon monoxide,,
carbon dioxide, sulphuretted hydrogen,
sulphur dioxide, carbon disulphide, hydro-
gen, methane, nitrogen, cyanides, acetylene,
benzene, ethylene and coal tar, the latter
itself consisting of many different com-
pounds, in particular, hydrocarbons, both
aliphatic and aromatic, acid materials such
as phenol, basic materials such as pyridine,
creosote (again a mixture) and pitch. Of
these substances, only ammonia and the
ammonium salts, sulphuretted hydrogen,
carbon disulphide, sulphur dioxide, phenol,
pyridine, cyanides, creosote and pitch need
be considered, the other substances being
substantially without action on wood, iron,
steel and the usual copper and aluminium-
base, structural materials.

The action of ammonia on aluminium is
an interesting one. When dry, gaseous
ammonia has no action on aluminium, not
even at high temperatures. In aqueous
solution, although an alkali, attack by all
concentrations of ammonia on pure alu-
minium and on copper-free aluminium
alloys is practically negligible at tempera-
tures up to about 50 degrees C., and is only
very slight at temperatures up to about
150 degrees C, due to the rapid formation
of a protective oxide film. In consequence,
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aluminium is being employed quite success-
fully in such applications as the construc-
tion of ammonia stills, condensers and
separating columns in coke-oven by-
product plant, and in equipment for the
production of synthetic ammonia and for
heating concentrated ammonia under pres-
sure.  Traces of chlorides and other
alkalies, however, dissolve the protective
film and the metal is then attacked. Such
impurities arc, fortunately, not present in
coal distillation volatile products.  Thus,
the corrosion of aluminium by moist
ammonia, though unwelcome, is not par-
ticularly serious and is in great contrast
to the action of ammonia and ammonia
liguors on copper- and iron-base materials
(excepting stainless steel), where the attack
is often marked.

Sulphur and sulphurous gases such as
sulphuretted hydrogen and carbon disul-
phide have a serious corrosive effect on
copper and brass, but aluminium can be
used freely in contact with them, substantial
deterioration being prevented by the forma-
tion of a protective film.

Drv sulphur dioxide is without action on
aluminium. Moist sulphur dioxide implies
the presence of sulphurous and sulphuric
acids which are corrosive to nearly all
metals. At normal temperatures, however,
the rate of attack on aluminium is prac-
tically negligible in the absence of certain
impurities, mostly of the chloride type and
which, fortunately, are invariably absent
from coal distillation products, so that the
presence of moist sulphur dioxide consti-
tutes only a slight hazard in the presence
of aluminium, whereas its attack on steel
and copper is severe.

At normal temperatures, the action of
phenols on aluminium is also negligible,
whilst aqueous solutions at 60-80 degrees C.
have only the slightest action on the metal.
At higher temperatures, water-free phenols
do attack aluminium vigorously, but this
action may be stopped by the addition of
water; it does not occur at ordinary
temperatures.

Pyridine is virtually without action on
aluminium. Creosote attacks the metal
with the formation of a uniform black film.
This action may be prevented by anodizing
and apparatus so treated is quite suitable
for the storage and handling of creosote.
In the dilute form in which it is met with
in gas production, it can be safely handled
in aluminium plant without special pro-
tection.

Pitch occasionally gives trouble in con-
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tact with most metals, but not with
aluminium. Corrosive attack on other

metals is due, no doubt, to the retention of
a proportion of phenol, to which aluminium
is resistant.

No less striking is the comparative
immunity of aluminium to the action of the
products of the combustion of coal gas,
although some of the substances concerned
have a very pronounced action on other
metals. The 36th Report of the Joint
Research Committee of the Institution of
Gas Engineers and of Leeds University
published in November, 1935, gives details
of some interesting experiments on the

corrosion of metals by gas combustion pro- .

ducts. Tests were carried out on samples
of coal gas with low, medium and high
sulphur contents, these contents being 8, 25
and 50 grams respectively per 100 cubic ft.
of gas, and the metals compared were used
in the form of tubes fabricated from sheet
and water jacketed to keep them at a tem-
perature of 40-60 degrees F. As a result,
water containing dissolved sulphur and
nitrogen acids condensed on the inside of
the tubes and, in certain cases, gave rise to
corrosion. It was found that the 10 metals
examined could be divided into three main
groups as the result of these tests, namely:
Lead

Tin
Solder
Aluminium

rass

pper
Iron = .
CZSﬁI]\éanlzed iron ' PO esistance
Nickel

These results have reference only to the
extent of attack and, on further considera-
tion, aluminium shows to greater advan-
tage. In Group I, solder is largely inadmis-
sible as a material of construction if only
because it melts below the temperature of
burning coal gas; it is expensive and
possesses very poor mechanical properties.
Neither is lead a practical material. Tin
is ruled out on the question of cost; tin
plate is quite unsatisfactory because of its
porosity, whilst, in addition, tin and tin
plate soon acquire, when exposed to a
source of heat, an unsightly black film which
is objectionable in domestic apparatus.
Thus, Group | is eliminated from considera-
tion. Similarly, in Group Il, the tarnish film
formed so readily on copper and brass in
sulphurous atmospheres is unsightly in the
extreme and could not be tolerated where
appearance is of the slightest consequence.
Aluminium, on the other hand, possesses a

Group | .
'V Very good resistance
J

Group Il .
\ Good resistance
J

Group Il ..
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high resistance to unsightly tarnishing as it
does to corrosive attack, a resistance which
is particularly marked where high sulphur
content gases are encountered. In fact,
the indications are that the higher the
sulphur content the better does aluminium

behave in comparison with copper, brass
and the metals in Group I.
Practical considerations, then, put alu-

minium at the head of the list as regards
corrosion resistance.

Other Considerations

An engineering material, however, has
requirements other than chemical resistance
to satisfy before it can be accepted as the
chosen material of construction, require-
ments such as low cost, availability, ease of
fabrication and finishing possibilities. On
all these scores aluminium can give a satis-
factory answer for itself. In comparison
with copper-base metals, aluminium fre-
quently proves to be the cheaper. Although
the cost per ton of aluminium is more than
that of a ton of copper or brass, one ton of
aluminium occupies roughly three times the
volume of the same weight of heavy metal,
so that it does not follow that articles in
aluminium are more costly than those in
copper-base material. In fact, the reverse
is often the case, and when components are
compared on a strength to strength basis,
or even on a basis of equal rigidity, it is
frequently found that those in aluminium
are the cheaper in the long run.

Other factors which make for economy in
the use of aluminium and its alloys are the
ready availability of the metal in a great
variety of semi-manufactured forms and the
ease with which it may be formed and
machined. Apart from sheet, rod, wire,
bar and billet, aluminium alloys are supplied
in a wide range of extruded sections, the
use of which can save plant constructors a
great deal of fabrication which might other-
wise be necessary. Such sections as H, |

and T girders, angles, cover strips, drip
plates, mouldings, and square, octagonal,
oval, rectangular, round and split tubes

have obvious applications in the construc-
tion of equipment for gas works.

Light alloys are also available as embossed
sheet for use as tread plates and draining
boards and as expanded metal, the last at
once suggesting itself for use in the iron
oxide gas purifiers as the base of the trays
supporting the hydrated iron oxide purify-
ing material.  Alutiiiniij rivets are, of
course, already /very well feripyyn in many
branches of industry.

(To be continued.)
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LONDON
(1
BIGGLESWADE
JUBILEE WORKS, CHAPEL ROAD,
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of Aluminium and its Alloys

CHROMATING

of Magnesium Alloys

TECHNICAL
PLATINGS LTD. oiE
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TELEPHONE - MOLESEY 240
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Gas Producer Plant

Installation of five me-
chanical self-vapourising
Gas Producers each gasi-
fyinghaifatonofCokeand
manufacturing 75,000
cub. ft. of 130B.T.U. Gas
per hour. We design,
manufacture and erect
Gas Producer Plant to

. . individual requirements.
Gred view of qerdirg platfom of Raloy Hat.

< ni1n m

GibbonsBros. Ltd.,Dibdale Works, Dudley. Phone: Dudley3141(P.A.B.X.). GramsGibbons, LowerGornaV™*.
London Office : 131'4 Palace Chambers, Westminster, S.W .J. Telephones : W hitehall 6417~$ and S3S9-«

MW242

THE spot welding of 2 x 8 s.w.g. in light
alloys is an outstanding achievement in
resistance welding, which has been made
possible by the development of the new
Fhilips condenser discharge ‘stored energy’
welder — the E.I50I.

Overall rigid construction and special elec-
trode support by means of locating guides.

Electrodes are retractable by means of
*Hi-lift "mechanisms to facilitate welding of deep
sections.

~ Bronze casting for lower part of upper arm
reduces eddy current losses.

Maximum throat depth of 32" accommodates
wide sections and special shapes.

PHLIPS INDUSTRIAL (PHILIPS LAVPS LTD),
CENTURY HOUSE, SHAFTESBLRY AV,, W.C.2
(57E)
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Why let your documents play hide and seek in leaning,
sagging folders when they can be filed quickly and
found instantly in Shannograph full-vision flat top
folders, which hang on a metal frame and never slip
or hide. An infinite variety ofindexing is possible on the
flat top, with fixed or movable signals on the Visible
Edge for progress, production control, etc. Frames
fit any standard filing cabinet or deep desk drawer.
Send Id. stamp for leaflet.

THE SHANNON LIMITED
IMPERIAL HOUSE (Dept. E.6), 15-19 KINGSWAY, LONDON, W.C.2
And at Birmingham, Bristol. Liverpool. Manchester. Newcastle. Glasgow (Agent)

FIR TH BROWN
T I A"
CARBIDE TIPPED
S AW S

Essential to high-speed production.

speeds in excess of 3,000 ft. per
minute with high rates of feed.

>aws are fitted with renewable inserted
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HORRISFLEX Flexible Shaft s 4

has been specially developed for .

filing, grinding and polishingcomj
u.minium, Elektron, Non-ferrous Alloys and
is.  Overhead suspension, bench and floor ty
ible, the two latter being readily portable. REIK
and Cutters are manufactured in a large vai
is, many having been specially devel-
fdr work on intricate engine parts.
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t Porosity

Carbon is supplied for industrial purposes in various degrees of porosity, but
when required it can be made to a very high standard of imperviability, which
can easily be demonstrated.

Carbon is most mversatile' in its applications : it has value in absorbing gases or
— in certain forms— of having negligible absorption: it can be soft or hard, it
withstands thermal shock and high temperatures— at which it retains a high
proportion of its strength—yet it has a low coefficient of expansion.

It is self-lubricating in many applications, but is quite amenable to being loiled’
by water, acids and strong chemicals.

In short, its uses in mechanical engineering are manifold, and those having
problems are invited to meet our engineers who have long and varied experience.
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