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DUREZ
PHENOLIC
PLASTICS...

INSIDE AND OUT

Style and performance make this new
Zenith radio. The wide traverse dial
and the excellent, rich tone quality
that make this 1946 model outstand-
ing are recent developments of Zenith
engineers.

Durez phenolic plastics permit its at-
tractive cabinet design...contribute to

its physical and electrical qualities.

Why Plastics ?

In addition to...and more important
than...the tuning knobs and cabinets
which are quite often molded of plas-
tics, are the vital but “hidden” opera-
ting parts of radios.

These unseen items make the differ-
ence between good and bad perform-
ance. Many of them are constructed
in whole or in part of plastics because
plastics are better suited for these im-

portant jobs than any other material.

Why Phenolic Plastics ?

Excellent moldability, heat resistance,
diversity of finish, moisture resistance,
good dielectric properties...all are in-
herent characteristics of phenolic plas-
tics. Add to these their practicability
for economical mass production, their
long-wearing, non-warping qualities,
and vou have the ideal material for the
radio field, where versatility is the

prime requisite.

Why Durez Phenolic Plastics ?

As specialists in the production of
these most - versatile - of - all - plastics,
Durez technicians, backed by more
than a quarter century’s successful
product development experience, are
equipped to counsel the design engi-
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P

neer wisely on all phases of the molded
phenolic picture.

Add to this rich background the more
than 300 Durez phenolic molding com-
pounds ... each carefully developed for
a specific purpose...and you can readily
understand why custom molders and
radio manufacturers everywhere look
to Durez for the plastics which fit
their jobs.

Experienced Assistance
Available

Any aid which the Durez staff cangive
towards solving your plastic material
problems is available to you and your
custom molder for the asking. Durez
Plastics & Chemicals, Inc., 18 Walck
Road, North Tonawanda, N.Y. &Export
Agents: Omni Products Corporalion 40 Easl
34th St., New York, N. Y

]
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INDUSTRIAL DRAMA: Magnesium,
limited quantities from the sea, may someday occupy
the rlnce among metals that is now held by iron and

available in un-

steel. Why and how this may come about will be
found in the article starting on page 53. Our cover
photograph shows the rolling of magnesium sheet in
a plant of Revere Copper and Brass Incorporated.
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50 Years Agoin . . .

(Condensed from Issues of August, 1896)

STILL NOT METRIC — “The arguments in favor of the metric
system for England are equally strong, or soon will be, as
applied to the United States; for although our foreign trade
does not approach the volume of British foreign trade, it
is likely that in the course of time it will do so, and even
exceed it. Prudence would suggest that we should avoid the
dilemma in which the English manufacturers find themselves,
by making an early change to the metric system. . . Any
temporary inconvenience which might be experienced in
making the change would be amply compensated by the sub-
sequent saving in time and trouble.”

ROTATING SHAFTS — “Some of the results arrived at by
recent tests made at the Watertown Arsenal are regarded
as of special importance in relation to the endurance of
rotating shafts. While it has been found that great improve-
ments in tensile strength and elastic limit have been ob-
tained, it has not been shown whether the limit of endurance
under repeated strains has been increased. In the rotating
tests of cylindrical shafts, alternate tensile and compressive
strains are successively applied, and under these conditions
of loading no steel has yet been experimented with which
will endure a continuous fiber stress of 40,000 pounds per
square inch without rupturing.”

SPECTROGRAPHIC ANALYSIS —“W. N. Hartley has deter-
mined the composition of a coin by an ingenious adaptation
of the methods of spectrographic analysis. The spectrum of
the coin was photographed and the metals present first as-
certained, after which their relative proportions were ar-
rived at by comparing the photograph with a series of
quantitative spectra, in which solutions of known strengths
yielded spectra with a certain number of lines of definite
length and strength.”

LIGHTNING PROTECTION — “The problem of protecting elec-
tric apparatus against lightning has not been altogether oné
of ‘invention; it has been quite as much one of careful and
patient observation. Four years ago it was customary to
place a single lightning arrester at the point where protec-
tion was desired. Today the same point is protected by dis-
tributing line arresters at frequent intervals over the sys-
tem.”

INDUSTRIAL EDUCATION — “We are confronted with the
curious spectacle of employers with vacancies which they
cannot fill, and an army of unemployed clamoring for work
which they cannot get. Our progress in .the appliances of
the mechanical acts has outstripped our present methods of
turning out workmen competent to handle those appliances.
This growing scarcity of the skilled mechanic is undoubtedly
due to the decadence of the apprenticeship system and the
inadequacy of our present industrial and trade schools, ex-
cellent as they are, to meet the growing necessities of the
case.”

OCEAN LINER — “The largest ship in the world is building
at the Vulcan shipyard in Bredon, near Stettin, Germany,
for the Hamburg-American line. . . The new monster steamer
has a length of 625 feet on the waterline, and is therefore
considerably larger than the Campania, which is 600 feet
in length between perpendiculars. The engines will have
27,000 horse power and a speed of 22 knots is expected.”

FLIGHT — “If man does learn to fly by mechanical ‘means,
or even to float for an indefinite period by a balloon, then
Lilienthal’s' death, the flight of Langley’s machine and the

B

other achievements will be a group of notable occurrences.
Slowly a tangible theory of soaring has been evolved. The
support given to an aeroplane in horizontal motion through
air has been experimentally tested and has proved sur-
prisingly great.”

LOCOMOTIVE — “Northeastern Railways (England) No. 1870
is the second locomotive of its class to be turned out. . .
It must be admitted that within the limitations imposed
by the English custom of placing the cylinders inside the
frame, and hiding the working parts from view, which to
American eyes always appears to rob a locomotive of much

R R T T T TR e

of its charm, this is a very handsome and well-proportioned
machine. . . The driving wheels, 7 feet 7 inches in diameter,
are the largest set of four coupled wheels in the world,
and were only exceeded by some 8 foot 3 inch six-coupled
wheels tried on the Continent some years ago.”

LOCKS — “The Yale lock manufacturers have proved that
in a patent lock having six. ‘steps,’ each capable of being
reduced in height twenty times, the number of changes or
combinations will be 86,400. Further, that as the drill pin
and the pipes of the keys may be made of three different
sizes, the total number of changes will be 2,592,600.”

EXPORT — “An entire locomotive making plant will be taken
soon to St. Petersburg from Philadelphia on the British
steamship Laleham.”

100 Years Agoin . . .

(Condensed from Issues of August, 1846)

IRON — “The new furnace at St. Clair will produce 80 tons
of iron a week, or 4,000 tons a year, which, manufactured
into bar or railway iron, will give 3,200 tons, worth at $75
per ton, $240,000.”

WAGON BRAKE — “A patent has been recently granted for
an invention that consists of a simple arrangement by which
the rear end of the pole of a wagon or stage coach, by being
permitted to slide back two or three inches through a groove,
by this motion, operates a pair of brake-blocks against the
rear side of the forward wheels; thus impending the wheels
by the action of the horses in holding back the pole.”

PAVING — “The  new pavement of granite blocks in State
Street, Boston, is much admired and approved, and appears
likely to prove much cheaper eventually than the uncouth
old fashioned pebbles. The blocks are judiciously arranged
so.that all the seams or interstices run diagonally across
the street, thus evading the danger of having the seams
worn much faster than the faces of the blocks.”
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Crystal detector-1946

ENLARGED
7 TIMES

model

@ | ONE INCH

Remember the crystal detector in the first radios — hunting
for the right spot with a cat’s whisker? For years the detector
lay discarded in favor of the vacuum tube., But when micro-
waves came, and with them the need to convert minute
energy to amplifiable frequencies, a Bell Laboratories’ scien-
tist thought back to the old crystal.

Silicon of controlled composition, he discovered, excelled
asamicrowave detector. Unlike the old-style natural crystals,
it was predictable in performance, stable in service. From
1934 to Pearl Harbor, the Laboratories developed silicon
units to serve microwave research wherever needed.

BELL TELEPHONE

Then Radar arrived. The silicon crystal came into its
own, and found application in long-distance microwave
Radar. Working with American and British colleagues, the
Laboratories rapidly perfected a unit which the Western
Electric Company produced in thousands. It became the
standard microwave detector.

Crystal detectors are destined to play a big role in electric
circuits of the future. They will have an important part in
Bell System microwave radio relay systems. In various
forms, they may reappear in radio sets. Here again Bell
Laboratories’ research has furthered the communication art.

PO g
A

LABORATORIES

EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CONTINUED ECONOMIES AND IMPROYEMENTS IN TELEPHONE SERVICE



Previews of the Industrial Horizon

WHAT'S IN A NAME?

IF ANYONE ever doubts the value of brand names in a com-
petitive market, let him take heed of the present situation
in the retail radio-receiver field. Production has been pushed
to nearly record heights by “quickie” manufacturers. Would-
be purchasers of radio sets have the money to buy. Retailers,
at least in large cities and surrounding areas, have plenty
of sets on their shelves. But, despite the demand for re-
ceivers, sales are slow. Unknown brand names—let’s coin
a few, such as Ethermaster, Tonamatic, and Electromystic—
just den’t move. Unknown, unadvertised, unsung in every
respect, these receivers are being severely left alone by the
buying public.

Some pinkish students of economics might ascribe this
situation to defects in our system of production, advertising,
and distribution. Actually, it finds its basis in a solid founda-
tion of public faith in proved materials. When such firms
as RCA, Westinghouse, Zenith, General Electric, and Emer-
son—to name but a few—are in a position to place radio re-
ceivers on the market, and to back them with their adver-
tising and their reputations, the public will receive their
products with open arms. In the meantime, that same public
will sit on their pocketbooks and await the time when they
can spend their money for radio sets which they know by
name.

All of this lends added force to the overall subject of
free enterprise and competition. Produce a better mouse-
trap, prove its ability, tell people about it, and the path
will be beaten to the door. But try to crash even a seller’s
market with an unproved mousetrap and the path will be
overgrown with weeds. In the long run, industry can deal
best on integrity which backs brand names, rather than on
opportunism that takes momentary advantage of circum-
stances.

RAMIE—WONDER FIBER, OR . ..

F OR THOUSANDS of years the fibers of the ramie plant have
been known as a fabulous material with about the same
strength as mild steel for the same weight. These fibers can
be made up into durable and attractive clothing. They re-
sist deterioration by moisture and have high wet strength.
Fishing lines and nets of ramie fiber are strong and long
wearing. Further, ramie fibers can be stapled and spun on
either cotton or woolen systems. They are also valuable in-
dustrially in heavy belting, packing, filter cloth, upholstery,
carpets, draperies, and blended fabrics of many kinds.

Wherein, then, lies the answer to the ramie problem that
has cropped up perennially for many years? Known as the
Oriental wonder fiber because of its use in the Orient for
many hundreds of years before Christ, there is still-all too
little knowledge of the best ways of growing and handling
it by modern industrial methods. .

Now, it appears, the whole problem of ramie is being at-
tacked in a rational manner. Probably ramie will never
compete commercially with cotton and wool because the
ramie plant is subtropical in nature and cannot be produced
over as wide an area as competitive fibers. Yet, because
of its outstanding advantages, it will have a real place of its
own when commercially produced in this country.

Foremost among the problems of ramie is the matter of
decorticating—stripping the useful fiber from the surrounding
plant bark and skin and from an obstinate gum seemingly
placed as an obstacle to the desired imbedded threads. In
the Orient, where hand labor is the cheapest part of a pro-
duction program, a Chinese laborer can strip or decorticate
a few pounds of fiber for an equally few cents a day. The
product is excellent, but production is low. This, then, is the
problem that American producers of ramie must face.

Today, several millions of dollars are being invested in
Florida in ramie projects. Prominent in the work are the

powerful United States Sugar Corporation interests, coupled
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with Newport Industries, Inc., and the Sea Island Mills, all
of which are intent on working the Everglades area for all
it is worth. Here the soil is composed of decomposed vege-
tation, ideal for propagation of ramie, and thousands of
acres are planted to ramie, with processing plants completed
or under construction.

Still experimental work continues. While an acre of '
Florida Everglades soil will produce 30 tons of ramie plants,
these 30 tons will yield only one ton of fiber. Thus the trans-
portation problem enters the picture. Newest technological
possibility is in the form of portable decorticating plants
which will work right in the field. And when the problem
is finally licked, American science will have another com-
mercial fiber into which to sink its teeth.

In the meantime, Florida has no monopoly on the grow-
ing of ramie, although the Everglades area appears to hold
advantages. Acreages are being planted in Louisiana, Mis-
sissippi, Texas, and California. It appears that a new tex-
tile-fiber race is on, backed by a few theusand years of
hand labor.

DEPRECIATION VERSUS OBSOLESCENCE

S o sounp and sane is the philosophy propounded by a
brochure from an industrial company which recently came
across our desk that we cannot resist the temptation to
quote: ’

“Economics teaches us and industrial history shows that
when a company cuts the cost of a product, it can offer
that product at a lower price. As the price goes down its
potential market increases. As its market increases, its vol-
ume goes up. As its volumegoes up—it can hire more
men. One of the fundamental principles of our competitive
economy is that jobs are created by increasing the pro-
ductivity of the worker.

“The modern machine tool is an important factor in this
cycle of events. It is industry’s instrument for reducing
costs, and it reduces costs by increasing output, by doubl-
ing and redoubling the productivity of the individual
worker.”

This leads up to a question: Should this instrument, then,
be subjected to yardsticks of obsolescence, rather than to
demands of depreciation? Forward-looking executives are
minimizing obsolescence in their plants; are measuring
machine-tool usefulness in terms of production efficiency
rather than in arbitrary years of tool life. They view these
tools in the light of what they can do and not of their age.

More thinking of this kind is necessary to the American
way; references will be given on request.

FOR FUTURE REFERENCE

HEAT SEALING of plastics sheeting, promoted by RCA, is
being used in production of dress shields, bathing caps,
raincoats, shower curtains, and the like; many such products
can be made faster, better, and more economically through
the use of electronic heating . . . Another plastics item:
These materials are notoriously sensitive to heat and cold,
but now Du Pont reports Teflon, an electrical insulating
material that will withstand heat up to 600 degrees above
zero, Fahrenheit, and down to 75 degrees below zero, with
resistance to effects by ordinary chemicals . . . Men who
work with machine tools should be taught the why of things
as well as the how; Shell Oil Company is advocating this
procedure with new literature on lathe operation principles.
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Magnesium:
Inexhaustible Metal

When Other Metals Reach the Economic Vanishing Point, the Seas
T Will Still Hold Unlimited Quantities of Magnesium. Today, this Re-
ECHNICALLY this is still the “iron . . . . ..
age” of man’s development, but markable Metal is Slowly Gaining in a Competitive Market. Its
this era or the period immediately Strength, Machinability, and Lightness are Important Benefits
ahead is also called, with varying
degrees of accuracy or optimism,
the chemical age, the plastics age,
the air age, the atomic age, or the
light-metal age. The latter, and one
of the most plausible of the so-
called ages, is partially based on the
contention that magnesium will
eventually replace iron as the
world’s basic constructional raw
material. Hence, it might be feasible
to call the next age of man the
“magnesium age.”

This implies, however, that the
total American production of mag-
nesium would probably have to
reach more than 25 million tons
per year, as compared with an
optimistically estimated 1946 - pro-
duction of 25 to 38 thousand tons.
This, in turn, would mean that
magnesium as an industry would
have to grow to about a thousand
times its present size. Moreover,
before this could happen magnesi-
um’s ' present and potential chief
competitors—iron and steel, alumi-
num, structural plastics, copper, and
so on—would have to have reached
a state of depleted or vanished sup-
ply, prohibitively high prices, and
technical inferiority to magnesium
in the tonnage markets.

Actually, the production of some of
these competitive materials is stead-
ily rising or their prices are falling,
while among all the engineering
metals technical quality is steadily
being improved. It is evident, there-
fore, that if magnesium is to become
the prime raw material it is not
likely to do so for scores of years
or perhaps centuries.

But it is also evident that mag-
nesium does stand a good chance of
achieving this ultimate goal on some  courtesy The Dow Chemical Company
distant day, and that in the much Welding magnesium alloy with a helium-shielded electric arc; a tungsten, rather
nearer future it will grow rapidly than carbon, electrode is used. Magnesium alloys are also “weldable with gas

By FRED P. PETERS

Editor-in-Chief, Materials & Methods
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to become a major competitor of
the heavier basic metals for hun-
dreds of uses as yet unimagined.

MAGNESIUM TODAY—At present,
the going is not too easy for mag-
nesium. It is still young as an engi-
neering metal and its established
uses have been predominantly
military in nature. The number of
plants and engineers familiar with
magnesium, and the number of
peace-time product applications
that can serve as stimulating ex-
amples, are still relatively small—
too small at this moment to occupy
fully the war-expanded production
capacity of the industry. Also, mag-
nesium has .cost problems. It is
competitively at an original-price
disadvantage with respect to alu-
minum, steel, cast iron, and other
common engineering materials. And
its acceptance is hindered by cer-
tain prejudices and misconceptions
that only persistent and aggressive
education can eradicate.

But producers and fabricators of
magnesium are anything but pessi-
mistic, and they are on sound
ground. Magnesium’s position from
now on will continually improve.
Several factors favor a steady—per-
haps, eventually, an accelerating
—growth for magnesium. These
factors include: extractability from
an inexhaustible raw material—sea
water—at a reasonable and steadily
decreasing cost; and technieal
superiority over all other metals
with respect to lightness and ma-
chinability. The last points are im-
portant in a world that places in-
creasing value on mobility, comfort,
and mass-production manufactur-
ing.
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Extruded magnesium
parts combine
with plastics to

replace wood and make
this piano action
virtually water-

proof. New uses for
the light and
workable metal will
appear as more
engineers come
to know
its advantages

If the eventual thousand-fold
growth of an industry seems fan-
tastic, it should be considered that
magnesium’s annual production vol-
ume expanded 100-fold in just the
five-year war period. In 1939 the
American magnesium output was
six million pounds; by 1944 the
capacity of the industry had reached
580 million pounds. The “magnesium
industry,” which previously com-
prised one primary producer and a
mere handfyil of fabricators, now is
banded into a trade organization,
the Magnesium Association, whose
members include four or five pro-
ducers and more than 45 fabrica-
tors of the light metal.

One of the outstanding character-
istics of this still-infant industry
is the strength and stability of its
leading members. Such companies

Light enough for one man to handle, magnesium aircraft wheels carry heavy loads
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as Dow Chemical Company, Ameri-
can Magnesium Corporation, and
Revere Copper and Brass are en-
thusiastically and effectively sharing
the technology with the rest of the
industry and intelligently educating
their markets on the advantages and
limitations of magnesium.

The war’s end left the industry
with an enormous immediate task
of finding markets for most of its
capacity where virtually no markets
existed before. Yet, more new uses
for magnesium have been contem-
plated and started since V-J day
than in the five-year period before
the war, and users are now climbing
on the bandwagon®at an accelerating
rate.

PRICE FAVORS USE—Future price
trends are going to increase fur-
ther the rate of application for mag-
nesium. Since 1915 the price of
magnesium ingot has fallen from
$5 per pound to about 20 cents per
pound. At its present price, mag-
nesium is more expensive on a
unit-weight basis than aluminum,
but is somewhat less expensive on
a unit-volume basis. It is reliably
predicted within the industry that
the price of magnesium will be
lowered 25 percent in the next five
years, and that its fabricating costs
will also be significantly reduced
by virtue of technological improve-
ments.

These forthcoming price changes
are closely related to the develop-
ment and increasing importance of
the Dow process using sea water as
the source of the magnesium chlo-
ride from which the magnesium
metal is eventually electrolyzed.
Built in 1940 and 1941, the sea-water
plants and processes have demon-
strated their ability to produce mag-
nesium at lower costs than other

AUGUST 1946



. ® LOOKING AHEAD ¢°

Advantages of magnesium—other
than lightness—will be exploited ...
Production of raw metal will increase
and price will decrease...Cost will
become a less-important factor...
Engineering and design will welcome
easy fabrication... Early-birds in
applications of magnesium as a
structural metal will gain a desirable
marketing edge. .. Predictions of a
bright future based on sound logic.

methods; and will probably soon
become the major production proc-
esses for the metal.

Because of the sea-water process
—and to a lesser extent because of
the undiminishing availability of the
workable magnesium minerals in the
earth—magnesium appears to be the
only potentially “basic” material of
which the supply is actually un-
limited or inexhaustible. One cubic
mile of sea water, for example, con-
tains the equivalent of 9.2 billion
pounds of magnesium metal.

At the present time, no other
engineering material, including
plastics produced from agricultural
raw materials, offers this same pos-
sibility of a continuing supply with-
out a necessary rise in extraction
cost. And while this may be of little
economic importance from the
standpoint of today’s or 2046’s mate-
rials engineering, it will be the con-
sideration that will have over-
weighed all others in that dimly
distant future when readily ex-
tractable high-grade deposits of
iron, aluminum, zinc, lead and cop-
per ores, and of coal and oil, have
reached exhaustion.

LIGHT BUT STRONG—From the
engineering point of view, as well,
magnesium’s position may be ex-
pected to become steadily stronger
relative to its competitors. Today,
it is the lightest of the structural
metals, with a specific gravity one
quarter that of steel'and two thirds
that of aluminum. Its alloys are suf-
ficiently strong that many products
will be both stronger and lighter
when made of magnesium than when
made of aluminum or steel.

On the basis of equal strength,
for example, a magnesium part may
save 70 percent of the weight of a
similar steel part. Once it becomes
generally appreciated that the use
of magnesium not only can permit
weight saving without sacrifice of
structural strength but also can
simplify design by allowing the use
of thicker and therefore stiffer sec-
tions without adding to weight, the
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conquests of magnesium will start to
add up. Lightness will be particu-
larly important as man takes in-
creasingly to the air and to higher-
speed land vehicles and sea-going
vessels, all of which place a premi-
um on light weight. Further, most
people favor those aids to daily liv-
ing that are lighter to lift or less
heavy to push around.

The damping capacity—ability to
absorb vibrations—of magnesium
alloys is now known to be higher
than that of aluminum alloys and
many other metals, and to approach
that of cast steel. This means that
magnesium parts run quieter, are
less likely to transmit vibratory
stresses to adjacent parts, and are
less subject to fatigue failure than
if they were made of other metals.

Another discovery that some
30,000 new magnesium-fabricating
plant employees made during the
war, but which thousands of others
in industry have yet to learn, is
that magnesium is one of the easiest
to work of modern materials. It is
beyond dispute the most machin-
able engineering metal, requiring
only from one sixth to three fifths
the power needed to machine most
of its important competitors. It is
also among the most weldable of
metals and one of the few, along
with aluminum, on which deep
draws can be made from hot sheet
metal in one operation.

Where corrosion-protection is
needed, and this is required less
often than was formerly supposed,
a large number of chemical finishes
and paint treatments—simple, quick,
and inexpensive—are available. And
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magnesium’s so-called “fire hazard”
is now widely understood for what
it actually is: a hazard only when
handling fine magnesium powders or
the molten metal. Solid pieces and
parts made of magnesium alloys
are no more flammable than they
would be if made of aluminum, steel,
zinc, or copper.

Technical developments now
available ‘or in the making presage
a steady rise in the product appeal,
processing efficiency, and ultimate
consumption of magnesium. “Super-
strength” magnesium alloys are
heralded as a challenge to structural
steels and heat-treated aluminum
alloys. A series of highly pure mag-
nesium alloys have exceptionally
good corrosion resistance. Giant
forgings soon to be available in mag-
nesium alloys provide, in effect, a
new type of engineering material.
The rapid development of shielded
arc welding; of cerium-bearing al-
loys for high temperatures; of new,
strong die casting alloys; of castings
that are free of micro-porosity; and
of magnesium sheet for stressed-
skin aircraft structures are only a
few of the technical foundation
stones in magnesium’s future.

WEIGHT OR COST?—The cost
factor is still a sharply restricting
agent in expanding uses of magnesi-
um. This situation will improve as
the raw material price goes down
and as still more efficient fabricating
methods are developed—the latter
being one of the goals the industry
has specially set for itself.

The design economies achieved in
the aircraft industry through the

vy

Magnesium-alloy sand castings for aircraft use; intricate shapes are possible
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All-metal
warp, are lighter, faster than wooden

magnesium skis do not

use of magnesium floor beams for
cargo ships and of stabilizers with
magnesium shells are familiar to
many. This couples neatly with the
fact that a light-weight design may
be initially more expensive but re-
turn much more than this extra
cost to transportation equipment
operators in increased payload or
reduced power charges during the
service life of the equipment.

Thus in many cases and with cer-
tain formhs of alloys, the use of
magnesium may be more economi-
cal, one way or another, than some
other material. However, although
lightness is still the dominant factor
leading to the choice of magnesium
in most present-day applications,
some of the new uses that magnesi-
um already has found in post-war
products involve a cost advantage
for the user. A magnesium lawn
mower, for example, now being
made in lots of 50,000 per month,
incorporates magnesium-alloy cast-
ings in successful competition with
cast iron on both a cost and dura-
bility basis—besides the chief ad-
vantage of “less push.” For furni-
ture, too, and even for auto and
tguck wheels, the cost comparisons
are close. But for most of the new
uses such as canoes, wheelbarrows,
griddles, skis, auto pistons, crank
cases, gravity roller conveyors,
baby carriages, sleeping-car bed
frames, radio towers, truck struc-
tural beams, and so on, the cost
factor has been subordinated to
lightness or some other considera-
tion.

IRON IN RETROSPECT—The prob-
lem that magnesium faces today and
the probability that—decades or
centuries from now but nevertheless
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eventually—it will replace steel as
a basic material has been in-
triguingly presented by one of the
industry’s leaders. Iron and steel,
he reminds us, were not always as
cheap as they are now, and their
production a century ago was meas-
ured in thousands rather than mil-
lions of tons. There is no evidence
that the problems in the magnesium
industry are any greater than those
faced and overcome by steel.

Suppose, to continue the analogy,
that the positions of steel and mag-
nesium had been reversed, with
magnesium the beneficiary of 50
years of commercial development
and use and steel a brash new-
comer. Suggestions that steel prod-
ucts could compete in cost with
magnesium would be considered
highly optimistic, and as barriers
to such a situation would be men-
tioned the excessively high melting
temperatures needed for steel, the
expensive refractories necessary, the
heaviness of the material, and of
course its devastating and expensive
propensity to rust.

One would most probably com-
pare these qualities with the low-
melting, light-weight magnesium
alloys and conclude that steel could
never be cheap enough to compete
for the uses that magnesium had so
firmly established for itself.

Which is another way of saying
that if steel could achieve its present
economic position in such a short
period, magnesium should certainly
be able to match that position even-
tually.

ALUMINIZED STEEL

Resistant to Corrosion,
Reflects Heat Well

A DpIP-COATED steel product that
will soon take its place with tinplate,
terne, and galvanized steel in the
array of inexpensive rust-protected
sheet steel is Aluminized steel.
Aluminum-coated steel has, as
special advantages, good corrosion
resistance, heat resistance, and heat
reflectivity. It has been successfully
applied in automobile mufflers and
for firewalls in airplanes. Other ap-
plications now under study include
oven liners in domestic ranges, heat-
exchanger tubes, and similar uses.
The weight of aluminum applied
during the hot-dip-coating process,
developed by American Rolling Mill
Company, is the same for all gages—
about ¥ ounce of coating—total, on
both sides—per square foot of sheet.
The actual thickness of aluminum
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film is 0.001 inch on each side—
much thicker than tin-plate coat-
ings of the same weight, because of
the lighter specific gravity of alu-
minum.

COPPER-BEARING

Iron and Steel Have High
Strength and Corrosion Resistance

GREATLY increased use of copper-
bearing cast irons and steels—from
2000 tons to 13,000 tons in ten years
—stems from the much improved
characteristics obtained from the’
addition of small percentages of
copper. For example, addition of
0.15 to 0.20 percent copper cuts cor-
rosion of plain carbon sheet steel
exposed to atmosphere by 50 per-
cent. Higher amounts of copper con-
tribute strength. Resistance of 18:8
stainless steel to boiling dilute sul-
furic acid is increased 90 percent
with 2 percent copper added. The
use of copper, molybdenum, and
chromium in gray cast iron is said
to develop a tensile strength of over
60,000 pounds per square inch.

EXTRUDED WELD-ROD

Alloys Iron Base and
Powdered Coating in Use

WELDING rod made by extruding a
combination of powdered metals
and ingot-iron wire is arousing in-
terest in both the welding and the
powder metallurgy fields.

In making the stainless steel
weld-rod, base wire (ingot iron) is
clad with enough powdered chro-
mium, nickel, manganese, and sili-
con to produce under the welding
arc a weld deposit of standard stain-
less steel. The clad wire is extruded
just as fluxes are now extruded on
drawn welding wire; the extruded
product is then sintered.

Close control of powder analysis,
particle size, mixing, and extruding
pressures is said to result in a com-
posite welding wire that yields con-

‘sistently good deposits and at lower

cost than conventional wire.

ENGINE BLOCK

Die-Cast In One Piece
at Three-Per-Shot Rate

LATEST development in large die
castings is the production as a one-
piece die casting of a combined
engine cylinder block and crankcase.
The castings, made of aluminum
alloy, weigh about 15 pounds each
and can be produced at the rate
of 40 per hour. The machines cast
up to 65 pounds of aluminum—
three of the engine castings—in each
shot. Westfield Manufacturing Com-
pany is casting the units for Jack
and Heintz Company.
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CHEMISTRY IN

INDUSTRY

Conducted by D. H. KILLEFFER

Is Soap Slipping?

® LOOKING AHEAD ¢

Foods, cosmetics, and toothpastes
will feel the impacts of “soapless”
soaps ... Water-base paints, sprays
for agriculture, industrial “soluble”
oils will benefit . . . Surface active
agents can make “impossible” pro-
cessing methods work . . . Can be
production “catalysts.”

S YNTHETIC detergents, made eith-
er from pétroleum products
or from less fats than a comparable
quantity of soap, can do most of the
things that soap can do and many
things that soap cannot. Moreover,
they can be tailor-made for a par-
ticular use.

Soap has long been almost unique,
among thousands of materials, in its
characteristic properties.

Of these properties, soap has,
first of all, a detergent or cleaning
action. Every day advantage is
taken of the fact that soap and wa-
ter remove dirt much more easily
and effectively than water alone.
Secondly, soap has a wetting ac-
tion. Pure water will often collect
in little droplets on a surface, such
as glass, while a soap solution will
spread out over and wet the sur-
face. Also, fabrics will “soak” faster
in a soap solution since they are
more easily penetrated by the so-
lution than by plain water. Still
a third characteristic of soap is its
ability to disperse solids, liquids,
and gases so intimately in water

-

Aided by the Fats Shortages of

Two World Wars, “Soapless” Soaps

are Moving in Rapidly on Tasks Long Regarded as Soap’s Own
Province: More than 300 Wetting Agents, Detergents, and Emulsifiers
are Now Made. Many are Specialized; Others, General Purpose

By HOWARD C. E.

JOHNSON, Ph.D.

Chemical Editor, Chemical Industries

that they are not easily separated.
Suds and lather are simply disper-
sions of small air bubbles in soap
solution.

SURFACE ACTIVITY—These char-
acteristics—detergency, wetting and
penetration, and emulsification and
dispersion—are all manifestations
of what the physical chemists call
“surface activity” because they in-
volve the surfaces of the soap solu-

Sinking of yarn skein illustrates the
wetting action of ordinary detergent
(left) and synthetic detergent (right)

tion and the textile fiber, the oil
droplet, the particle of dirt, or the
sheet of glass. Of chief importance
is the fact that soap lowers the in-
terfacial tension—the barriers be-
tween the separate substances are
broken down, enabling them to mix
and, what is more important, to stay
mixed, more readily."

This concept explains in a limited
way the action of soap. Wetting and
penetrating ability are exhibited
when soap reduces the disinclina-
tion of two dissimilar substances—
the water solution and the textile
fiber, for example—to mix. Its func-
tion might be likened to that of a
hostess at a meeting of strangers.

In detergency, the soap solution
wets both the surface of the mate-
rial being cleaned and the particles
of dirt and oil adhering to it. It in-
terposes a thin wedge of water be-
tween the two and prevents them
from adhering to each other. Emul-
sification is essentially the same—
the oil droplets or air bubbles are
kept from rejoining by the thin
film of soap solution surrounding
them.

It should not be inferred from
this oversimplified explanation that
surface activity is completely under-

Acid, added to right-hand beaker of detergent (left) has little effect on suds as compared with acid-free beaker at left. Soap

solutions (right) show suds in acid-free beaker at left but no suds and floating fatty matter when acid is added as at right
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stood. Detergency, especially, is an
exceedingly complex phenomenon,
and many phases of it are still de-
fying analysis by and and all avail-
able techniques.

SOAP AT WORK—Certain charac-
teristics of chemical structure are
shared by soap and all the newer
materials possessing surface activity.
The molecules of these substances
all have a water-soluble portion at-
tached to a water-insoluble portion.
In ordinary soap, the insoluble part
resembles paraffin and is a fatty acid
of from 12 to 18 carbon atoms.

The water-soluble portion is the
sodium or potassium salt of the
oxygen-containing, acidic end of the
fatty acid, as shown in the accom-
panying diagram. In solution the
dissolved soap orients itself at the
surface with the sodium “head” in
the water and the paraffin-like “tail”
sticking out. The “tails” are soluble

INSOLUBLE lSOI.UELE
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Didgramatic concept of soap action

in oil, grease, and so on; hence the
soap acts as a bridge between the
two unlike materials. A magnified
section of an oil-in-water emulsion
might look something like the sketch
in the diagram.

In the synthetic detergents, the
water-soluble portion may be a sul-
fate, sulfonate, or chloride ion, or
sufficient hydroxyl or ether groups
to confer solubility. The insoluble
part may be a paraffinc chain, such
as in soap, or an alkylated aromatic
hydrocarbon nucleus.

Soaps, as well as most of the syn-
thetic detergents, are salts; and as
such they exist in solution as ions.
Each molecule breaks up into a
positively charged ion—cation—and
one of a negative charge—anion.

Where the water-insoluble portion
is in the anion—as in soap, the sul-
fates, and sulfonates—the material

is called anion-active. A rather
novel type is the cation-active syn-
thetic surface-active agent, in which
the hydrocarbon portion is. found
in the cation. An example of these
is cetyl dimethyl benzyl ammonium
chloride, known commercially as
Triton X-400.

Still other types are non-ionic;
that is, they are not salts. The solu-
bility of the water-soluble portion
depends on a grouping of several
hydroxyl or ether linkages. Ex-
amples of these are the Spans,
which are fatty acid esters of sor-
bitol anhydride. Sorbitol is an acid
derived from sorbose—a sugar—and
contains six hydroxyl groups.

SOAP VS SYNTHETICS — Soap is
excellent for many uses, but it also
suffers from many limitations. The
calcium and magnesium salts in
hard water, for example, form in-
soluble curds with ordinary soap.
These curds are responsible for the
familiar “bathtub ring” and for the
dingy appearance of hair, clothes,
or glassware washed in hard water.
Not only do these greasy, insoluble
curds make cleaning more difficult,
but they also waste a good deal of
soap. For example, the inhabitants
of a northern Illinois city where the
water hardness is 555 parts per mil-
lion, use almost twice as much soap
per capita as the people of a com-
parable city in northern Wisconsin,
where the total hardness of the
water supply is only 45 parts per
million. The water can, of course,
be softened or otherwise chemically
treated to make it acceptable for use
with soap, but such treatment is an
additional expense and often an in-
convenience.

Also, soap is practically insoluble
in cold water and precipitates as a
greasy, insoluble fatty acid in the
presence of mineral acids. Many in-
dustrial processes, such as metal
cleaning, textile dyeing, and the like
—or even domestic tasks such as
the washing of delicate fabrics—
might be more advantageously car-
ried out at room temperature or in
an acid medium where soap is use-
less.

It is generally conceded that soap
is the best known cleansing agent in
soft, warm, alkaline water. It is
where these conditions cannot be

Manually peeled apple (left) is 10 percent waste. Chemical peeling (right) was
done with lye and alkyl aryl sulfonate; the waste was reduced to about 4 percent
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Some of the Ways in Which
Synthetic Detergents will Find
Increasingly Wide Applications

DOMESTIC USES

Glassware Rugs

Dishes Woolens

Colored fabrics Shampoos

Upholstery Bubble Baths

Walls and wood-  Windows
work

INDUSTRIAL USES
Textile scouring, dyeing, and finishing .
Leather and paper processing
Acid pickling of steel
Metal cleaning and degreasing
Etching and electroplating of metals
Cosmetics and pharmaceuticals
Industrial emulsions
Water-base paints and coatings
Sanitary and insecticidal sprays and
dusts
Bottle and container cleaning
Printing pastes and inks
Shoe, metal, furniture,
polishes
Fruit and vegetable peeling
Lubricant additives

and floor

met that synthetic detergents are
finding daily increasing use.

In the other manifestations of
surface activity—wetting, penetrat-
ing, dispersing, and emulsifying—
the synthetics have proved superior
to soap. The history of synthetics
starts with Turkey Red oil, devel-
oped almost a 100 years ago to as-
sist in the dyeing of cloth with
Turkey Red dye. This oil, which
is sulfated castor oil, proved supe-
rior to soap and is still being pro-
duced in quantities of 30,000,000
pounds a year.

In foods, cosmetics, toothpaste,
and the like, soap has drawbacks
as an emulsifying agent. Its alkalin-
ity not only causes soap to be in-
compatible with neutral or acidic
materials, but it also gives it a
bitter taste, and an irritant action
on sensitive skins. In contrast, syn-
thetic emulsifiers of the non-ionic
type are stable in any range of
acidity and alkalinity, are much
more blander, and are soluble in
oils.

DETERGENTS EXPAND—In view of
soap’s limitations, it is not surpris-
ing that the synthetic detergents in-
dustry has experienced a phe-
nomenal growth. Not a pound was
produced in this country in 1928,
but by 1945 production had sky-
rocketed to 125,000,000 pounds annu-
ally. Stimulated by the fat shortage
of World War I, the Germans de-
veloped soap substitutes at that
time. Research progressed after the
war, and in the early 1920’s were in-
troduced the fatty alcohol sulfates,
later to become familiar in this
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country as Dreft and Gardinols.
Manufacture of these was under-
taken in the United States in 1929,
and shortly thereafter a new type
of detergent, the alkylated benzene-
sulfonates, were developed under
the trade name Nacconol. During
the intervening years about 300
commercial products have been in-
troduced, and new variations are
continually being discovered.

Just as World War I and its after-
math saw the birth of these new
materials, the present- period will
undoubtedly see a huge expansion
of manufacturing facilities and part~
ly for the same reason—the fats
and oils shortage.

Many of the synthetics are petro-
leum-based products, and of that
raw material there is at present a
comparative abundance. Many of
them, on the other hand, use natural
fats and oils just as does soap.
But even here, the same quantity of
fat or oil will give more synthetic
detergent, pound for pound, than
soap. Couple this with the fact that
synthetic detergents. are often
equally effective at one third to one
fifth the concentration of soap and
it becomes apparent that a great
saving can be made of the seriously
curtailed fats and oils supply.

It is largely for this reason that
synthetic detergent manufacturers
have hinted at immediate plant ex-
pansions up to a total capacity of
400,000,000 pounds per year.

Mass production and improved
processes have brought the price of
the synthetics within shooting dis-
tance of soap prices. One product,
for example, has: been reduced to
13 cents per pound in industrial
quantities—very little higher than
comparable soap prices. Considering
the higher efficiency of synthetics,
the cost of using them is at least on
a level with if not lower than the
cost of using soap. For many pur-
poses, too, the synthetics are so far
superior that price is a secondary
factor.

SYNTHETICS IN USE—A consumer
survey of a large mid-western city,
made early this year, showed that
over a quarter of the families in the
area buy synthetic detergents. Such
a record by products introduced just
a few years ago, and against the stiff
competition of packaged soap goods,
is proof of the eventual popularity
of the synthetics.

Not only for general domestic
laundering and cleaning do they
find wide use in the home. Syn-
thetics are incorporated in denti-
frices because they taste better than
soap, are widely sold as shampoos,
and are being increasingly made into
bar form as toilet soap for people
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who are allergic or sensitive to ordi-
nary soap.

As industrial detergents the syn-
thetics find wide use in bottle wash-
ing in dairies and breweries. Many
of the synthetics have been found
to have a greater bacteriostatic ac-
tion than soap, and an added bonus
is the greater ease with which they
soak off labels. They are also useful
as metal cleaners, both with alka-
lies and with acids. Being stable to
acid, they are uniquely useful in the
pickling of steel, where they not
only cleanse the metal of grease
and carbon but also inhibit attack
by the acid. In electroplating baths,
where acids and heavy metal salts
are present, the synthetics keep the
metal surfaces clean and help avoid
pitting, pinholes, and other plating
difficulties. Moreover, they are being
added to lubricating oils to keep
sludge from depositing, and to pho-
tographic developing solutions to
keep air bubbles from adhering to
the film.

As wetting agents the synthetics
find their largest industrial applica-
tion in the textile field. Here they
are used for scouring, dyeing, fin-
ishing, softening—any application,
in fact, where the fibers must be
treated with a water dispersion,
emulsion, or solution. They are
especially desirable for wool, which
is sensitive to alkali, and for rayon,
which does not stand high water
temperature.

In addition, synthetics are now
entering the paper and leather in-
dustries, where they speed the proc-
essing of the raw materials. Added
to paper, synthetics increase ab-
sorbency; used in leather-dyeing
baths, they afford greater penetra-
tion of the dye.

WIDE HORIZONS—One large use
of these versatile materials is the
wetting of dusts. They are used in
air-conditioning equipment to wash
dust out of the air, and in the for-
mulation of wettable ingecticidal
dusts, such as lime-sulfur mixtures
and DDT concentrates.

A novel agricultural application
of the synthetic wetting agents is
in conjunction with either caustic or
strong acid in the chemical “peeling”
of fruit. The most careful knife peel-
ing of apples wastes at least twice
as much fruit as chemical removal
of the peel. A usual method is a
short treatment with hot -caustic
to- which a synthetic wetting agent
has been added, followed by a wash
with cold water and acidification
with citric acid to remove the last
traces of caustic.

The synthetics are also being for-
mulated into a number of special-
ties, such as windshield cleaners;
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metal polishes; scouring powders;
mechanics’ hand soaps; shoe, auto-

mobile, ‘and furniture polishes;
printing inks; and special industrial
soaps.

The non-ionic agents are widely
used as emulsifiers and dispersing
agents. To discuss these alone would
require a separate article, but some
of the most important fields are
water-base paints and other coating
compositions; cutting and other
“soluble” oils; paper, leather, and
textile finishes; foods and beverages;
cosmetics and pharmaceuticals;
agricultural and sanitary sprays.

The list of specific applications of
these materials is endless. In sum-
ming them all up, one manufac-
turer states: “Surface-active agents
save money and time by decreasing
the natural reluctance of dissimilar
materials to mix. They can reduce
the mechanical energy required and
improve the performance and per-
manence of the final result by
bringing surfaces closer together
faster.”

@® ® @®

BUCKWHEAT DRUG

May Help Prevent
Weakness of Blood Vessels

A DRUG, rutin, previously derived
from tobacco by a laborious series
of operations, has lately been found
to be more plentifully and cheaply
available from buckwheat. Rutin is
reported to have an important ef-
fect in strengthening the walls of
the tiny capillary blood vessels, thus
lessening the possibility of their
bursting should the blood pressure
rise unduly.

Rutin, it is explained, is a pre-
ventive and not a curative. The yield
of the drug from $10 worth of green
buckwheat is said to be as much as
that from $1000 worth of tobacco.
Clinical tests are planned to supply
the basis for licensing the product
by the Food and Drug Administra-
tion, a necessary preliminary to its
general use.

RAYON FABRICS

May See Wider Use
as Result of Shrink-Proofing

GLYOXAL is a recent development
that is said to offer a successful
shrink-proofing treatment for spun
rayon. According to Dr. R. L. Bate-
man of Carbide and Carbon Chemi-
cals” Corporation, the process “will
lead to a greater acceptance and use
of spun rayon as a clothing fabric,
for the ~ disadvantage of rayon
shrinkage is thus controlled chemi-
cally.”
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Plastics boxes are simply fabricated, have both display and re-use values

PLASTICS

Pack It In Plastics

Packaging, the Last Step in Production, is Often the All-Important
First Step in Merchandising. Whether Precision Parts Need Protection,
Or Elegant Dainties Call for Plus-Feature Packages, Plastics are Avail-
able in More than 30 Basic Types and Many Colors to Aid the Sale

By CHARLES A. BRESKIN

Editor, Modern Plastics

I T 15 up to the package to attract

the eye and induce the pur-
chase. Thus has been described the
key function of the package in to-
day’s .merchandising picture. And
thus is explained, in great part, the
expanding use of plastics as a pack-
aging medium. For these materials,
in at least one of the 30 or more
different basic types, possess every
quality calculated to catch the eye
—crystal-clear transparency, un-
limited color range, formability,
and light weight. These character-
istics not only fit plastics to meet the
requirements of eye appeal but they
also adapt them to protection and
convenience, factors of almost equal
importance to packagers.

While appearance may always be
an element to consider in the de-
signing of a package, the require-
ments of protection for the mer-
chandise or, on the other hand, con-
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venience for the purchaser, may at
times take , prior place. Moreover,
the designer may be asked to strike
a balance between any two of these
three packaging requirements, or to
give heed to the entire trio.

Just how plastics’ varying quali-
ties of transparency, unlimited
color, formability, light weight, and
resistance to many acids, alkalis,
and other agents, and to varying
climatic conditions, fit them to
packaging’s need for eye appeal,
protection, and convenience can
perhaps best be illustrated by de-
scribing a number of new plastics
packaging applications. Some of
these feature display, some protec-
tion, and some convenience.

EYE APPEAL —Display, pure and
simple, was the goal of J. P. Sawyer
of Morse International, Inc. when
designing the acrylic package for
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® LOOKING AHEAD ¢

Re-usable containers that are more
than just trinket boxes...Really
fresh merchandise ... Greater pub-
lic demand for “smart” packaging
will follow packers’ recognition of
plastics . . . From merchants’ view-
point, storage problems will ease
... No rust or damage to displayed
articles . . . Increased impulse buy-
ing because transparent containers
“show” goods better. . . Better look-
ing stores because packages them-
selves may be colorful.

Prince Matchabelli’s gold-encrusted
crown perfume bottle. The effect of
a bottle of perfume frozen inside a
block of ice and tied with a golden
cord is an immediate eye catcher.
Yet, had plastics not been used, it
is doubtful whether the container
would have been practicable. Al-
though glass could have been em-
ployed, the fragility and the weight
of this material might have proved
serious handicaps. Plexiglas and Lu-
cite, however, offered all the ad-
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Courtesy

Cudahy

Packing Company
Mixing envelope of plastics typifies

consumer-convenience packaging ideas

vantages of glass, transparency in
particular, but did not possess its
limitations.

In appearance, it seems as though
the perfume bottle is cast in a solid
blotk of plastics; actually the trans-
parent cube is made in two identical
sections. Each half has a cavity on
the inside that conforms to the out-
lines of one side of a crown bottle.
Molding, rather than fabricating,
was selected as the most practicable
and economical method of producing
this package. Still further to speed
production, both sections are made
the same size so there is no need for
balancing the production of two
different dies so as to give an even
number of halves. Any two parts can
be fitted together to form one cube-
packages.

CONVENIENCE—A new flexible
thermoplastic inner envelope for
oleomargarine exemplifies the util-
ity of plastics from the standpoint

of convenience. Messy mixing dishes -

are eliminated since the yellow
coloring can be kneaded evenly in-
to the margarine while it is still
tightly sealed within the plastics
container. And there should be a
saving in -oleomargarine, too, since
estimates indicate that every year
2% percent of the total margarine
production is lost through coloring
waste.

Cudahy Packing Company is the
first manufacturer to take advantage
of this new container, developed
by Leo Peters of Harris Hall and
Company, and now being manufac-
tured in experimental quantities by
Visking Corporation, producer of
the thermoplastic film itself.

This plastics film is factory-filled
with oleomargarine, and a capsule
containing the yellow dye suspended
in edible oils is attached to the in-
side surface of the envelope. The
film is then heat-sealed. The pur-
chaser when ready to color the
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product, pinches the capsule to
force the dye out into the oleomar-
garine so it can be diffused by
kneading.

The coloring operation with this
new inner container requires only
two minutes or less of kneading.
Still sealed .inside the envelope,
the colored margarine may be put
back in the paper carton in which
the product is sold and blocked

Courtesy Ceiiuplastic Corporation
Storage, without rust or damage, is
advantage to dealer and buyer alike

back into shape. The carton may
then be placed in the refrigerator
to allow the oleo to harden after
which it may be easily cut in neat
quarters or in fancy patties.

This package promises to elimi-
nate returns due to leakage during
hot weather; seal dirt out of the
package completely; permit display
on unrefrigerated counters; elimi-
nate the use of dishes and pans
formerly required in coloring; keep
grease and hard-to-remove color
stain off hands and clothing; and
prevent margarine from picking up
refrigeration odors.

The strength of plastics film plus
its transparency and flexibility are
essential to the success of this pack-
aging idea. But equally vital are
the thermoplastic’s non-toxic quali-
ties, its chemical stability in the
presence of fatty acids and brine,
its lack of color, and its low cost.
Since the film can be made without
a plasticizer, it imparts no odor or
taste to the margarine.

As in all plastics applications,
whether they are in the field of
packaging or in totally unrelated
industries, the choice of the correct
plastics is even more important
than the decision to use them. How
free a hand this leaves the designer
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or engineer is evidenced by the fact
that, taking the 30 basic plastics
materials, thousands of special for-
mulations can be made up to meet
as widely varying demands as were
made by the producers of the two
packages just described.

PROTECTION—Today, the Navy is
putting many units of the fleet and
all types of armament and equip-
ment in long-term storage—packag-
ing them in plastics to protect them
‘against time and the elements, yet
keeping them ready for almost in-
stant active duty.

The requirements for such “pack-
aging” are economy, maximum
moisture protection, and quick and
easy removal. The answer, devel-
oped by Dr. William H. Holst and
G. Russell Hersam of Butler and
Company, and manufactured by
R. M. Hollingshead Corporation,
was a strippable coating based on
Vinylite resins. Only compressed

air and spray guns are needed for
application.
The system begins with a frame-

Eye-appeal of plastics is apparent in
this acrylic “ice-cube” perfume pack

work of pressure-sensitive tape
built up around the object to be
sealed. The spraying operation then
applied to this skeletal frame con-
sists of four steps. First the webbing
solution is applied. This consists of
a vinyl-resin solution to which a
webbing agent, Saran, has been
added to produce filaments. when
emitted from a standard spray.gun.
These filaments, extruded in a cob-
web-like form, bridge over but do
not adhere to the surfaces with
which they come into contact. The
web is built up to a point where
sufficient strength is obtained to
permit the application of the sec-
ond coating.

The second coating, the moisture
barrier, is a solution of Vinylite
resins with the webbing agent
omitted. This cover is built up to a
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film thickness that will give the
desired strength plus low moisture
vapor transmission. Then a pig-
mented vinyl-resin top coating is
added, the pigmentation being de-
signed to resist the effects of the
sun’s rays as well as protect against
general weathering conditions. This
step is needed only for long-term
outdoor storage.

Finally, regardless of whether a
top coating is added, the protective
package is evacuated of air and
solvent fumes by the use of a hot-
air blower.

It is conceivable that this process-
ing will find wide application in the
shipment of such equipment as re-
frigerators, washing  machines,
tractors, outboard motors, and other
types of household and industrial
units. Storage and shipment under
any climatic condition will then hold
no dangers for the manufacturer.

STRIP COATINGS—A different ap-
proach to the packaging of metal
parts is to be found in the strip
coatings. Rather than covering en-
tire units of mechanical equipment,
these coatings are best used for
component metal pieces such as
gears, bearings, and so on.

Ethyl-cellulose stripping was in-
troduced to the packaging field dur-
ing the war; since then a new type
of coating based on cellulose ace-
tate butyrate has made its appear-
ance. This new material, with spe-
cial characteristics of its own, is
complementary rather than com-
petitive to the ethyl cellulose com-
pound. For example, it has lower
tensile strength, higher elongation,
and greater strippability. Hence it
can be applied to and stripped from
parts of greater intricacy. In addi-
tion, this cellulose acetate butyrate
coating deteriorates less due to aging
in the melting tank. It has approxi-
mately twice the load-carrying
capacity of the ethyl cellulose com-
pound and therefore can be applied
to heavier parts without danger of
“squeeze-out.” With these ad-
vantages, however, it costs approxi-
mately twice as much as the ethyl
cellulose compound; both the higher
cost and the more versatile proper-
ties are due to the fact that it con-
tains about 50 percent of plastics in
the formula as contrasted to 25 per-
cent of plastics in the correspond-
ing ethyl cellulose formula.

TRIPLE-PLAY PACKAGES—Perhaps
the more usual packaging applica-
tion is one in which some of all
the three factors—display, con-
venience, and protection—are need-
ed. A new development of this
type is found in the rigid, folded
vinyl and acetate boxes of the John
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.ible and strong.

H. Oxley Company, licenser of the
process and builder of the equip-
ment. Solid corners, reinforced sides
and ends if desired, and absence of
any cement or solvent, are features
of these packages which can be pro-
duced in sizes varying from a ring
box to a container large enough
to hold a blanket.

The folds in the plastics sheet and
the equipment that makes these
folds are the heart of this new box-
ing method. Almost as important is
the die which permits the stamping
out of almost knife-edge thin slots
from the flat cellulose acetate or
vinyl sheeting comprising the blanks
for the boxes. After the flat vinyl
or acetate sheets are die stamped,
they are fed into a semi-automatic
forming machine containing a knife-
edge heater. With this equipment
it is not necessary to heat the en-
tire sheet of plastics; only thin lines
need to be heated where the mate-
rial will be folded.

Just as there is almost no limit
on the size of boxes made by this
method, so it is with the color and
rigidity. Governed by the use to
which the box is to be put, a cus-
tomer may use 0.0075 to 0.040-gage
plastics sheet. Material of 0.015 gage
is, however, recommended for most

®
COSMETIC BAG

Prevents Leakage, is
Light and Flexible

As PROTECTION against leaky cos-
metic bottles in traveling bags, a
zippered vinyl case large enough to
hold a number of bottles and boxes,
as well as wash-cloths and soap,
has been recently introduced.
Stitched with nylon thread, the case
is fashioned of an unsupported vinyl
co-polymer film which is both flex-
The material is
called Elasti-Glass and S. Buschs-
baum Company manufactures the
bag.

Vinyl is well suited to travel ac-
cessories as it is light in weight,
water-proof, .and resistant to oils
and greases. It will stand up under
packing, and will give good service
in all climates, being impervious to
fungi, mildew, extreme heat, or cold.

PLASTICS HORSE

Weighs 15 Pounds,
Supports 400 Pounds

A NEW toy comprises a phenolic-
laminate rocking-horse body; a
mane and tail made from vinyl
monofilaments, and eyes molded
from cellulose acetate. Realism is
achieved through the application of
actual ponyhide skin to the outside
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applications. And the boxes can be
made in any color in which the
plastics is available. This selection
is further augmented by ‘the fact
that the top and bottom of a box
can be of differently colored mate-
rial. Thus, a clear, transparent bot-
tom may have either a clear top,
a red top, or one in any of a multi-
tude of colors. Or the top may be
clear and used with variously col-
ored bottoms.

The protection offered by these
boxes is excellent. Their convenience
lies in the fact that a product may
be viewed by the public through the
transparent top, yet be guarded from
the soiling usually attendant upon
repeated handling by either the
public or the sales force. Eye appeal
is there, of course, and the boxes
have the added advantage of re-use
possibilities. After the original con-
tents have been removed the con-
tainer may be used to hold gloves,
handkerchiefs, or other articles.

There are endless other types
of plastics packages, but these ex-
amples show how the materials, if
properly selected, can meet the de-
mands for display, protection, and
convenience demanded by packag-
ing designers, product manufac-
turers, and the consumer.

®

of the laminated body. No stitching
is required for this work, casein ad-
hesives being used instead.

The method of producing the body
is an adaptation of the methods
used in the fabrication of laminated
helmets used for head protection
by industrial workers. The hobby-
horse body is first built up from
phenolic-impregnated canvas sec-
tions in a criss-crossed pattern.
This lay-up is placed in a cast-
phenolic mold where air pressure
of about 30 pounds forces the im-
pregnated canvas outward against
the forming die. Curing is accom-
plished by baking the parts for from
six to eight hours under pressure.

Mounted on aluminum rockers,
the horse stands 34 inches high and
weighs about 15 pounds; it is said
to support 400 pounds.

AUTO DOOR AND SEATS

Now Formed of
Laminated Plastics

AMONG the newer applications of
plastics in the automotive field are
taxi doors and folding seat backs
constructed from Melmac resin im-
pregnated barrier and Kraft. cores.
The laminating of these coverings,
presently available in a mottled
white, is the work of the Formica
Insulation Company.
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ELECTRONICS

Conducted by KEITH HENNEY

Mechanized Wiring

Many Hand Operations in Wiring Various Electrical and Electronic
Mechanisms Can be Eliminated by the Use of Sprayed Metal Coatings,
Pre-Formed and Welded Harnesses, and Metallic Paints Applied

Through Silk Screens. Costs Can be Reduced and Efficiency Increased

By JOHN MARKUS

Associate Editor, Electronics

SEEKING means of offsetting sky-
rocketing labor costs, electri-
cal, radio, and electronic equip-
ment manufacturers are seriously
considering * mechanization of the
wiring required in their products.
To this end, many different wiring
shortcuts are being tested in the
development laboratories of alert
manufacturers. As a result, new
techniques are already in use as
heralds of a trend toward speeding
up the biggest hand-work opera-
tion involved in the production of
electrical equipment having compli-
cated wiring.

Miniature tube leads are soldered to
printed circuit; wires are eliminated
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Elimination of soldering opera-
tions is one goal. The latest elec-
tronic adjustable-speed motor
drives, made by General Electric
Company for industrial applica-
tions, have all resistors, capacitors,
transformers, and other components
connected together by the use of
screw-type lugs and terminals.
Punch presses crimp the lugs over
the ends of the connecting leads
and long rows of terminal screws
on insulating panels are provided
for making connections between
parts. Only the tube sockets and
certain small rheostats and poten-
tiometers have soldered connections,
because these parts are commer-
cially available only with solder-
ing lugs as terminals. The labor
saving occurs here not only in as-
sembly but in maintenance of the
equipment during use; the techni-
cian in an industrial plant can re-
place a defective part in a jiffy with
a screw driver as his only tool.
Faulty soldered connections both
during manufacture and repair are
thus eliminated, making for greater
reliability of industrial electronic
equipment. This same technique is
also used extensively for other elec-
trical equipment.

As conventionally done by hand,
wiring is the most expensive part
of the work involved in radio re-
ceiver production. It involves cut-
ting wires to length, stripping in-
sulation from ends, bending wires
to shape, connecting the ends of
the wire to the proper points, and
then soldering each end of each
wire in turn. For an average five-

SCIENTIFIC AMERICAN

Plastics chassis having sprayed metal
circuits in sandblasted channels is
neat, simple to inspect and service

® LOOKING AHEAD ¢

High cost of many electrical units
can be reduced through use of new
processes. Radio industry will
make greatest gains but other elec-
tronic manufacturers will profit in
proportion. . . What has been done
with motor drives, radio receivers,
loop antennas, -and resistances, can
be extended to other fields.

tube radio receiver this  involves
handling and soldering two or more
wires or leads for some 40 different
parts, often in a crowded under-
chassis space which gives a result
that looks much like a rat’s nest—
and often is equally frail.

AUTOMATIC WIRING—To over-
come such difficulties, a method of
applying all wiring to a chassis auto-
matically in one operation. with a
spray of molten metal has been de-
veloped by Promenette Radio and
Television Corporation. An all-plas-
tics chassis is covered with a mask
having cut-out lines where connec-
tions are to be made, and shallow
grooves are sandblasted into the
plastics. The process may in some
cases be . repeated with another
mask on the other side of the
chassis so that crossovers of con-
necting paths are separated by the
insulating chassis.

The chassis is placed in a metal-
lizing machine and molten metal is
sprayed into the sand-blasted
grooves through another mask. The
molten metal hardens to provide
the required connections between
parts. Mounting of the parts in
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drilled holes, with nuts and bolts or
with rivets, serves to clamp ter-
minals against the metal-filled
grooves, achieving wiring without
wires. Some soldering of external
leads is still required, such as an-
tenna and loudspeaker leads, but
the process may eventually be fur-
ther developed to make all connec-
tions at once.

Mechanization of wiring by this
molten-spray process offers a num-
ber of advantages. Circuit and
equipment design changes can be
made as often as desired because
masks are cheap and simple to
make. Uniformity of production is
assured because, if the mask is right,
all connections must be correct.
Performance is improved and the
number of final alinement adjust-
ments and tests is minimized since
all wiring in critical circuits is pre-
cisely and uniformly positioned on
all sets.

Another proposal for eliminating
soldering operations involves form-
ing stiff hookup wires to shape in
punch presses, letting them slide
down hoppers to correct positions
in a jig on which tube sockets, re-
sistors, capacitors, and coils have
been previously placed either by
hand or by other hoppers, then
lowering a multi-electrode welding
head over the assembly and elec-
tronically spot-welding all connec-
tions in one operation.

Instead of using bent-to-shape
wires, narrow strips of copper can
be punched out with -all the re-
quired curves and right-angle
bends taken by ordinary wiring,
then welded to the terminals. In-
sulating buttons would be used here

Simple silk-screen stencil (right) is
used with applicator (below) to apply
silver paste -to ceramic plate. Part
of printed circuit is seen under jig

64

to support the strips in as many
planes as are required to prevent
short-circuits where strips cross.

PRINTED WIRING — Development
of the radio proximity fuze for mor-
tar and anti-aircraft shells during
the war resulted in perfection of a
new technique for printing wiring
directly on a ceramic surface with a
silver solution by a silk-screen
process that makes possible the mass
production of ultra-compact ampli-
fiers, pocket radios, personal tele-
phones, miniature hearing aids,
meteorological instruments, and
electronic control units. In addition,
the process permits applying re-
sistors directly to the ceramic to
give any desired resistance value,
by applying a carbon solution with
the silk screen or spraying it on
through a mask.

The process, as developed by
Globe-Union, Inc., consists essen-
tially of the following four steps:
(1) Circuit wiring is printed or
stencilled (using silver paint) onto
a suitable chassis or base material,
such as a plate of steatite; (2) re-
sistors in the form of a carbon and
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resin mixture are sprayed through
positioning masks that locate them
between appropriate silvered end
tabs; (3) small disk-type capacitors,
consisting of a high-dielectric-con-
stant ceramic with both faceg sil-
vered, are attached directly to the
silvered wiring on the plate; (4)
terminals of other components such
as tubes (or tube sockets for stand-
ard replaceable tubes) are soldered
into appropriately located and sil-
vered holes in the ceramic. Used
with the newly developed sub-
miniature tubes, the electronic cir-
cuit assembly made possible by this
process is extremely compact.

Although the compactness of the
method was the most important
factor in its military application,
other equally important and desir-
able characteristics are the uni-
formity of finished assemblies both
in appearance and performance,
high production speed; and ease of
circuit checking. Uniformity is ob-
tained since each circuit is an exact
reproduction of the master pattern.
High production speed is gained by
the screening and spraying opera-
tions, which combine in a few fast
mechanical operations the slower
operations of cutting wires to
length and soldering wires and re-
sistors into place.

REPAIRS FACILITATED — Because
of its two-dimensional nature and
the open method of construction,
circuits constructed by this new
process lend themselves to rapid
circuit tracing and repair. Faulty
components such as resistors and
capacitors which are on the chassis
can be repaired, if necessary, by
soldering a conventional component
of equivalent value across each
faulty part and opening the circuit
leading to the fault.

The leads between components
are applied by a process in which
the silver is intimately bonded to
the ceramic. The metal is in the
form of finely divided silver or silver
oxide uniformly dispersed - in a
suitable vehicle. The consistency is
adjusted with solvents to meet re-
quirements for the specific type of
application.

The method most commonly used
for circuit reproduction is a screen-
ing process in - which the silver
paint is dispersed through the open
mesh of a silk screen arranged as
a mask to define the circuit. This
makes it possible to print circuits
of any degree of complexity. Com-
plicated designs can be held to
very close tolerances. The deposited
or printed film thickness is very
uniform and but little silver paint
is wasted. The silk is stretched
tightly on a wooden frame and
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Screw driver is only tool needed for
replacing wiring on this equipment

coated with gelatin or polyvinyl
alcohol, which is made photosensi-
tive with potassium dichromate. A
photographic positive of the circuit
is held tightly against the sensitized
silk screen and exposed to light.
The portions of the sensitized coat-
ing exposed to light become in-
soluble in water. Those portions
which are not exposed to light are
water soluble and can be washed
out. The parts that wash out from
the design are to be printed.

The next step is to place the
silver paint, in paste form, on one
end of the top surface of the screen.
The ceramic chassis or other sur-
face to be painted is brought into
contact with the bottom of the
screen. A neoprene bar is moved
across the top surface of the silk,
pushing the paste ahead of it and
through the open mesh of the screen
pattern. The paint forced through
the open mesh is deposited on the
ceramic plate in a design which
conforms identically to that of the
screen pattern.

After applying the silver to the
ceramic, the parts are placed in
a furnace and heated to a tempera-
ture between 1300 and 1500 degrees,
Fahrenheit. This temperature re-
moves the vehicle and solvents, and
intimately bonhds the silver to the
ceramic.

When making resistors, the proc-
ess involves the application of an
accurately controlled amount of re-
sistance paint to the ceramic sur-
face. The paint consists of a con-
ducting material, a filler or inert
material, and a vehicle or binder.
By varying the quantities of these
ingredients, paints may be obtained
covering a resistance range from
three ohms to 200 megohms per unit
length.

The resistor paint is usually ap-
plied through masks by a spray.
After air drying, the masks are re-
moved and the paint is cured in an
oven at 300 degrees, Fahrenheit,
for several hours to produce stable
resistors. A special resin coating is
applied to the resistors to protect
them against humidity and tempera-
ture effects.
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Where necessary, amplifier, filter,
or other control circuit assemblies
may be printed on small ceramic
blocks and plugged into a main
chassis. Replacements can then be
made just as easily as changing a
tube. Furthermore, any tampering
with a circuit by inexperienced
personnel is immediately apparent,
as ordinary resistors or capacitors
soldered across the printed com-
ponents will be clearly visible.

STAMPED . LOOPS — Built-in loop
antennas for table-model radio sets
are being stamped out in a single
operation by a variation of the
printed-wiring technique. In this
method, used by A. W. Franklin
Company, a sheet of copper foil
and an adhesive-covered insulating
panel are placed in a special punch
press that stamps out the rectangu-
lar spiral turns of the antenna coil
and attaches them to the support-
ing panel in one operation. To get
spacing between turns, the die
forces the cut edges of each turn
into the panel so that each turn is
V-shaped and hence narrower than
a flat strip.

Compared to the conventional
wound loop mounted on the back
of the cabinet, the new Airloop is
lower in price and itself provides a
back for the set. Accurate stamping
of the turns means that no ad-
justment of the turns is necessary
by the set manufacturer in final
assembly to compensate for varia-
tions in winding. Over a million of
these loops have already been turned
out.

Thus is the highly competitive
radio and electronic industry seek-
ing, by mechanization of wiring, the
answer to rising labor costs and
shorter working hours. Whether
any or all of these techniques will
become standard practice depends
upon the great host of human and
economic factors that are governing
the growth of the electronics in-
dustry itself.

GAS-STOVE GENERATOR

Charges Batteries or
Operates Radio Equipment

HEAT from a gasoline burner is
converted directly into electricity
in a modern industrial application
of the thermoelectric principle. The
new thermoelectric generator pro-
vides a small, noiseless source of
power for charging storage batteries
and operating radio equipment.
Three sizes have been developed;
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one generates 2% volts at two am-
peres p.c. for charging the new two-
volt storage batteries used in port-
able radio equipment, and runs for
eight hours on a gallon of fuel; an-
other gives 10 watts at six volts
for charging standard auto storage
batteries; the third has an output
of 20 watts at 12 volts, enough to
operate a 14-tube F-M combination
transmitter and receiver such as
might be used in cars for highway
radiophone service.

In addition, heat is available for
cooking or for warming up a room,
even while electricity is being gen-
erated by application of the 1100
degree, Fahrenheit, flame to the
banks of thermocouple units.

COFFEE

Roasted Electronically
at Retail Market

FOR ROASTING coffee on the spot in
grocery stores and restaurants, an
electronic coffee roaster approxi-

‘mately the size of a cash register

has been developed by A. S. Torres,
Colombian inventor. Green -coffee,
dumped into a hopper, is pre-heated
to 900 degrees, Fahrenheit, then
roasted by a combination of coils
and infra-red lamps at the rate of a
pound in about two minutes. The
roasting is ended automatically by
a photo-electric device that meas-
ures reflected radiations from the
coffee beans—green coffee beans are
good reflectors, roasted beans very
poor ones.

Advantages claimed are that by
buying blended green coffee and
roasting it himself, the grocer can
lower current retail coffee prices,
consumers will get fresher coffee,
and they will buy more of it at the
lower price.

Two minutes average roasting time
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Uniform flame mass shows efficient combustion with new head

PETROLEUM

Conducted by E. F. LINDSLEY

Old type combustion head gives ragged flame, is inefficient

Fuel Oils Have Changed

Not so Dramatic as Some Petroleum Developments, but Holding a Vital
Interest for Oil Heat Users, is the Current Transition to Better and
Somewhat Different “Cat-Cracked” Fuel Oils. Efficient Heating Will
Depend on Proper Adaptations of Present Burners to a New Oil “Diet”

By WILLIAM A. SULLIVAN

Senior Applications and Development Engineer,
Manufacturing Department, Shell Oil Company, Inc.

CATALYTIC cracking, a compara-
tively new development in oil
refining, has caused a minor revo-
lution in the fuel-oil business.
While straight-run and thermally-
cracked distillates supplied the en-
tire fuel-oil requirement before the
war, “cat-cracking” now provides
much of this gallonage, and seems
destined to produce an ever larger
share in the future.

Straight-run refining takes out of
crude oil, by distillation, only those
chemical compounds present in the
oil when it came from the ground.
Thermal cracking is an improve-
ment on this. By subjecting crude
oil to intense heat or to combined
heat and pressure, it breaks down
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the more complex molecules origi-
nally present into simpler ones; in
other words, it re-forms the origi-
nal chemical compounds into new
compounds to get a larger yield of
the products most desired.
“Cat-cracking” is an elaboration
of thermal cracking. Oil is cracked
in the presence of a catalyst—such
as certain compounds of man-
ganese, iron, aluminum, and silica—
to produce either different arrange-
ments of molecules than can be
had by thermal cracking, or to pro-
duce the same arrangements at dif-
ferent temperatures and pressures.
The process reached a high stage
of development during the war when
it was responsible for turning out
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enormous quantities of high-octane
aviation gasoline, and for every
gallon of “cat-cracked” gasoline
produced, an approximately equal
volume of fuel-oil distillate was
turned out.

To answer the questions regard-
ing this war-time fuel oil with re-
spect to the operation of both pre-
war and future oil burners, exten-
sive investigations have been car-
ried out at Shell’s Sewaren Fuel Oil
Laboratory.

BURNER TESTS—Here, before the
development of catalytic cracking
reached = commercial production,
engineers and petroleum chemists
engaged in thorough experimenta-
tion with “cat-cracked” fuels to find
the answers to these ' questions.
Many varieties of the fuel, pro-
duced under different operating
conditions in refinery pilot plants
and in commercial units, were tested
in the laboratory. These findings
were checked against the results
of a year of field experience, in
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® LOOKING AHEAD °*

More research on oil heating pro-
blems to come...Closer matching
of burner designs and fuel charac-
teristics . .. Cleaner  operation at
higher levels of efficiency. .. Lower
fuel consumption with better fuels
. . . More general understanding of
burner installation fundamentals
... Wider industrial use of oil heat.

which  the marketing - organizations
checked the reaction of consumers
to millions of barrels of ‘“cat-

cracked” fuel distributed t_hroughr

out the country.

Results of these tests offered sub-
stantial evidence that “cat-cracked”
fuels are superior 'in many ‘respects
to the thermal-cracked and straight-
run distillates’ ‘of which pre-war
fuels were composed, and that’ they
may actually accelerate the greater
acceptance of oil as an economical
and satisfactory form of heat.

One important factor is that cata-

Combustion head
installed in blower
mouth. For best
efficiency, relative

positions of
oil nozzle, flanges,
and blower
mouth are mutually
adjustable
Iytic  distillates are inherently

cleaner and less likely to deteriorate
and form sediment in storage than
many untreated straight-run dis-
tillates and the average thermally-
cracked distillate. This is because
catalytic cracking produces a rela-
tively high percentage of aromatic
compounds, considered the most
stable of the four hydro-carbon
groups. The “small percentage
of remaining unstable coristituents
responds - quite readily to removal
by acid treatment. When the in-
creasing industrial and domestic
use of oil burners is considered, this
factor of cleanliness becomes a par-
ticularly welcome improvement. In
the case of domestic units, burners
must operate at relatively low firing
rates and are more susceptible to
clogging of the atomizing nozzle or
oil-metering valve than the larger
industrial sizes.

Catalytic fuels have shown no
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tendencies toward corrosion of
metallic oil-burner parts, such as
copper lines, pump seals, and pres-
sure-regulating valves. Their differ-
ence from many pre-war and war-
time fuels in this respect is
apparently duwe to the fact that corro-
sive compounds which may be pres-
ent in feed stock are either removed
during the cracking or subsequent
treating processes, or are chemically
converted - to non-corrosive forms.
- The impression has become rather
widespread that catalytic fuels are
much heavier than pre-war fuels.
In weight per gallon this is true;
they weigh more than straight-run
distillates of . comparable boiling
range. But this is actually a distinct
advantage because the heavier the
gravity of the fuel, the higher its
heat value. In viscosity, the most
reliable measure of the ease with
which 0il can be atomized, the dif-
ference between catalytic and

straight-run fuels is negligible; cata-
lytic fuels are lighter, if anything,
in this respect.

In pour point, due to their higher

Portion of oil-heat
research and
testing laboratory.
New fuels, new
equipment, and wider
use of oil heat
have posed a
variety of questions
answerable only
by service-type tests
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aromatic content and lower paraf-
finicity, catalytic distillates run
lower than their predecessors. This
is still another point in their favor,
since it makes for easier handling in
extremely cold weather.

AIR-OIL MIXING—Actually, cata-
lytic distillates rate lower than pre-
war fuels in only one respect. Under
adverse burning conditions, they
show a somewhat greater tendency
to smoke and -carbonize ..than
straight-run distillates in the same
boiling range. It should be noted
that this is under adverse -burning
conditions. In heating apparatus
that provides proper burning, cata-
lytic fuels exhibit no greater tend-
ency to smoke than straight-run
fuels.

The petroleum engineers offer the
following explanation for this:
Burning the high proportion of aro-
matics in catalytic: fuels involves
splitting apart the carbon and hy-
drogen and burning each element
separately. Unless each carbon par-
ticle thus liberated is surrounded
by air while still at high tempera-
ture, it escapes without being
burned and appears as smoke, soot,
or carbon. Catalytic fuels, hence,
require more thorough mixing with
air than some fuels to completely
ignite all the free carbon split off
during the combustion process. In
general, more efficient mixing of
air and oil is the basic issue around
which revolve almost all adaptations
of the fuel to existing burners and
the design of new burners.

Tests conducted on vertical, ro-
tary-wall flame burners, for ex-
ample, have demonstrated the im-
portant role timing plays in mixing
air and oil when burning catalytic
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fuels. With low-type grills clipped
on the edge of the flame rim, there
was a limit to the amount of cata-
lytically-cracked fuel that could be
blended with a straight-run distil-
late without producing excessive
smoke and forming a heavy carbon
build-up on heating surfaces at the
base of the boiler. By simply raising
grills about two inches above their
normal setting, however, thus af-
fording a slightly longer time for
mixing air and oil before combus-
tion, it was possible to burn 100 per-
cent of catalytically cracked fuel
without a trace of smoke and with-
out objectionable carbon formation,
over a prolonged period of opera-
tion.

Increasing the diameter of the
fan also gave marked improvement
in performance of vertical, rotary
burners on catalytic fuels. This pro-
duced a higher velocity air stream,
which provided greater turbulence
and more intimate mixing of air and
oil in the early combustion stages.

In both cases, these were rela-
tively simple changes, but still suf-
ficient to bring burning conditions
in line with fuel requirements, just
as retarding the spark timing in an
automobile engine suppresses the
tendency of gasoline to knock. In-
deed, the two phenomena appear to
be closely related.

Improved performance of both
catalytic and pre-war fuels can be
obtained from the gun-type burner
by closer control of the air-fuel
mixture. The largest percentage of
all smaller burners are of this type,
and, taken as a whole, they are less
critical- to the composition of the
fuel than any other burner.

In most cases, the tendency of
catalytic fuels to smoke can be
overcome in gun-type burners by
simply opening the fan shutter and
supplying more air. This is the easy
way out, however, and not neces-
sarily the most desirable. While the
oil will burn completely this way,
the heat produced is wasted in heat-
ing excess air. Thus gains that
should be realized from the higher
heat content of the catalytic fuel
are nullified.

COMBUSTION HEADS—In making
a special study of the problem, it
was found that the design of the
combustion head or air turbulator
was the most important single factor
influencing gun-type burner effi-
ciency. By designing the mixing
head so as to 'maintain high velocity
air at a point where it enters the
oil spray, an intimate air-oil mixture
could be obtained without gteatly
increasing the volume of air beyond
the theoretical amount required to
burn the oil. By this means, it was
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possible to burn a 100 percent cata-
lytically-cracked fuel with no smoke
whatever, and with a practically
negligible loss of heat through ex-
cess air.

This new combustion head, de-
signed at the Sewaren laboratories,
is now being licensed to burner
manufacturers who wish to incorpo-
rate it into their own design, and,
in addition, research is underway
to investigate the possibilities .of
adapting it to existing gun-type
burners already installed.

Fifteen years ago, the petroleum
industry thought of sales chiefly in
terms of gasoline. Fuel oil was a
minor by-product that received
scant attention. Today the demand
for fuel oil has skyrocketed to such
proportions that it has taken its
place along with gasoline as a major
product of refining. Annual con-
sumption in the United States is in
the billions of gallons, and is con-
stantly on the increase.

Although straight-run and ther-
mal-cracked distillates, each with
their own special merits, will con-
tinue to supply much of this de-
mand, there is little doubt but that
the trend is in the direction of more
and more catalytically cracked fuels.
As time goes by, adaptations to ex-
isting burner installations, and com-
pletely new designs in burners, will
enable the industrial and domestic
consumer alike to obtain the maxi-
mum benefits from it.

FUEL CONTROL

Gives Improved
Diesel Performance

IMPROVEMENT and refinements in
the fuel injection system of the
modern Diesel engine are respon-
sible for its versatility, according to
Ralph L. Boyer, chief engineer of
The Cooper-Bessemer Corporation.

In the Cooper-Bessemer fuel in-
jection system, component parts are
lapped and fitted to within 25 mil-
lionths of an inch. One such part is
a plunger that fits into a small cylin-
der through which fuel oil is
pumped into the engine cylinder
for combustion. The reason for such
precision is that this heavy fuel oil
is pumped at a pressure of from
7000 to 10,000 pounds per square
inch, and any appreciable leakage
would be greatly magnified by the
terrific force.

The oil is pumped through the
system to an injection spray nozzle
about the thickness of a lead pencil.
At the tip of the nozzle there is a
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Diesel fuel injector bodies and stems
must be precisely lapped or polished

ring of from six to ten holes, each
one drilled individually to a diameter
of .008 inch, and each one drilled
at precisely the same angle to as-
sure uniform injection. On this ex-
act uniformity depends the effi-
ciency of the entire power plant,
for if the fuel oil does not enter the
cylinder as a fine fog which can be
completely burned, power is lost
and “knocking” can be expected.

POUR POINT

Depressed, Viscosity Index
Raised by Oil Additive

INTENDED for wax-base lubricating
oils, a new material not only lowers
the pour point of many oils" effec-
tively but also retains the reduced
pour point under cyclic temperature
changes. Paraffin-base motor oils in
the SAE-10 and SAE-20 range
which show a tendency to revert to
their original pour points with some
additives, are reported to be effec-
tively stabilized with Acryloid 150.
Stable pour points as much as 40 or
50 degrees, Fahrenheit, below the
original pour point are claimed to
be obtainable.

In addition to its characteristics
as a pour-point depressant, Acry-
loid 150 is also described as an ef-
fective viscosity-index improver.
Thus it is possible to raise the vis-
cosity index appreciably and at the
same time lower the pour point with
the addition of this material. It is
suggested that a refiner might,
therefore, cross-brand oils, produc-
'ing an oil which will meet both SAE
10-W and SAE-20 specifications.

The developers, Rohm and Haas
Company advise that Acryloid 150
be used in quantities of about 1
percent and that it is readily
blended with mineral oils by any
of the commonly used methods.
Since the material is supplied as a
fairly viscous product it is desirable
either to heat the Acryloid to about
150 degrees, Fahrenheit, before add-
ing, or to heat the entire blend after
the addition of the depressant. Mix-
ing is ordinarily accomplished by
circulating pumps or paddle stirrers.
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ENGINEERING

Machine Tools For Heating

® LOOKING AHEAD °
An increasing number of “punched-
out and brazed-together” articles
... Fewer fatigue failures with selec-
tive-area heat treating ... Faster
machining with heated metal will
be a boon to cost-conscious industry
...Longer wear from bearing sur-
faces... Less internal-strain distor-
tion of precision parts...Automatic
controls will eliminate variations
between heat-treat batches.

I N PLANTS all over the country
several different types of ma-
chine tools are starting all-out races
for the right to perform industrial
heating jobs.

The competing machines are be-
ing mounted beside each other.
sometimes on a winner-take-all
basis, more often with the idea that
each shall take over such tasks on
the production line as it proves itself
best able ‘to perform.

Guiding every move on each ma-
chine are staffs of the keenest
brained application engineers that
industry can produce. College pro-
fessors are being lured from their
lecture platforms to get out into the
factories for a few days at a time
and apply the latest heating theories.
Technical and business men are
watching every improvement, in their
own and competitors’ machines,
working intensively, seven days a
week to apply new equipment,
thinking and experimenting.

The stakes are big. Winners will
make huge installation sales right
now. And they will have the right
to go out and use every success as a
sales argument all over the world.

Sitting on the benches and wait-
ing to get into the game in some
cases, carrying the ball and playing
a stellar role in others, are the
makers of chemicals and of equip-
ment for de-scaling, the designers
of all kinds of production tools and
equipment, the makers of every
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To Apply Heat Where and When Wanted, and in Exactly the Right
Amount, Has Long Been a Dream of Metal-Working Industries. Now,

Contoured Ceramics, High-Frequency Currents, Controlled-Atmosphere

Furnaces, and Molten-Salt Baths Give Precision to Heating Processes

By EDWIN LAIRD CADY

kind of metal and other raw mate-
rial. This is a contest the like of
which has not been seen since the
days nearly 40 years ago when high-
speed steels and production-grind-
ing machines almost simultaneously
made their first major impacts on
the production lines. No one knows
what the ultimate effects upon all
kinds of industry will be.

CERAMIC HEATING—One of the
entries is so wholly new to most
production men that very few other
than its own: engineers have any
clear idea of what it can do. It
works by first pre-mixing air and
combustible gas, putting this mix-
ture under carefully controlled
pressure, then feeding the mixture
to specially shaped ceramic sur-
faces.

Once they are warmed up, the
ceramic surfaces supply radiant

A battery of
gas-fired heat-treat
furnaces. Here
low cost, long-known
practices, and
wide acceptance have
combined with
modern de-scaling
techniques to
give the simple type
furnace a fighting
position among
newer heating tools

heat which not only helps to heat
the work but also promotes com-
bustion of the gas and air mixture
and makes it easier ‘to keep the
amount of combustion heat under
exact control. The contours of these
ceramics are shaped as accurately
as those of precision dies. They di-
rect the heat so that it follows the
contours of the work pieces and
is applied, heavily in one spot, more
lightly in another, just as it is
wanted along the work surface.
These machines can heat selected
areas of pieces, or whole pieces, as
desired. They use automatic timing
devices, materials-handling mecha-
nisms, and quenching means as
needed. In operation, the work piece
advances to the heating zone, is po-
sitioned at an exact distance from
the ceramic surfaces, turned if

necessary, then with split-second
timing is moved to the quench tank




or other cooling zone. Ceramic heat-
ing saw extensive application dur-
ing the war and is currently in-
vading many fresh fields.

H-F HEATING—Induction-heating
machines are racing for the same
controlled-area heating market, and
have a long head start for it. These
devices take alternating current—
direct current may also be used—
at the standard 60 or other cycles
used in the plant, employ rotary
converters or various kinds of elec-
tronic circuits to step up the fre-
quency to anything from 3000 to
50,000,000 cycles, and pass these
high-frequency currents through
“inductors” or work coils. The work
goes within the coil but is carefully
kept from touching it. Magnetic flux
from the work coil passes across
the narrow air gap to the work it-
self and sets up eddy currents which
reverse their directions within the
work piece twice as many times a
second as the current has cycles.
These  eddy currents or circuit
“losses” cause the work to heat up.

Induction .heating engineers de-
sign and shape the work coils as
carefully as the gas-ceramic ma-
chine manufacturers do their ceram-
ics. The timing, positioning, work
handling are just as exact. Between
these two it is a tool-makers’ con-
test. Both methods really proved
themselves for the first time during
the war. Induction heating was 10
years old when the war began, but
with the exception of a few automo-
bile and other large plants very
few engineers knew much about
it. Installations were few and on
many war jobs induction heating
was able to perform its production
miracles only after application engi-

neers had sweated over it for a year
or more. But it came out of the
war a proved production tool with
capabilities and techniques so well
known that now single installations
costing as much as $500,000 are be-
ing made. Its peace-time market is
at least 20 times as large as its war-
time -one.

FURNACES FIGHT BACK—The in-
duction-heating and the gas-ceramic
machines use high heating speeds,
especially for local-area heating, to
avoid scaling the metal. They move
their work pieces into and out of the
heating zones with a series of quick
movements interspersed with care-
fully timed pauses for heating.

Working right beside them
are controlled-atmosphere furnaces.
Through these the work pieces
move in steady streams. Timing is
exact, work-handling mechanisms
are well thought out, but selected-
area heating is difficult if not im-
possible. Thus the contest between
a furnace with the work moving
slowly and steadily and two ma-
chines in which the work jumps
quickly and' then pauses becomes
that of a tortoise versus two hares
of different breeds.

The older style furnaces which
use atmospheres that are controlled
very little, or not controlled at all,
are by no means out of the run-
ning. They can set up scale losses
which amount to as much as 3 per-
cent of the metal heated. But they
are by far the least expensive to op-
erate. They cost less per ton of
heating capacity to install. And
with such processes as sodium-hy-
dride de-scaling available, the
amount of loss to scaling is reduced
to the actual scale produced in the

Induction heating, one of the foremost contenders for selective-area assignments
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furnace; there is practically no ad-
ditional loss of metal to pickle baths.

Makers of metals-cleaning com-
pounds are bolstering the case of the
open-muffle furnace and all kinds
of open-fire heating. Their prod-
ucts can take off the scale from most
metals, and leave clean and corro-

sion-resistant coatings behind them.

And the open-muffle furnace has the
advantage of years of use in fac-
tories. Everyone knows how to use
it.

MORE TO COME—Just nosing its
way into this contest is the modern
salt bath. Here, the temperature
can be controlled with greater ac-
curacy than in any other device.
No one can even guess what salt
baths will be accomplishing when
the chemists have developed the
salts a little further. Right now, the
most exactly controlled hardening,
much de-scaling, and even some
soldering and brazing in which the
pieces are heat treated while being
fastened together, all are being
done in salt baths.

The production manager, then, has
a great deal to watch a$ these gas-
ceramic, induction-heating, con-
trolled-atmosphere furnace, open-

Ceramic-furnace unit is a product of
exact design for exacting heating jobs

muffle furnace backed by modern
de-scaling, modern salt bath, and
many other heat-treating machine
tools compete for places on his pro-
duction line. Some of the things that
will happen are sure to be almost
revolutionary.

Soldering and brazing operations
will become fully mechanized as
never before, and more of them will
be performed than ever before.
Dozens of new silver solder, braze,
and soft-solder alloys, and better
fluxes, will be worked out to fit the
new mechanical techniques. All such
jointing alloys will be cut to size
and perhaps stamped to shape; or
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Controlled atmosphere furnaces de-
mand precision controls. Note panel

will be in liquid or plastic forms
but be fed in exactly controlled
amounts to exactly designated areas.
The forming and placing of solder
and braze alloys will become a
new mechanical art with specially
developed equipment. The contours
and tolerances of the parts to be
joined will be maintained far more
exactly than they are now, with
operations of punch presses and
other machine tools affected accord-
ingly. Another brand new mechani-
cal art will be developed for rapid
positioning of the parts to be joined
and for holding them in position
during the heating operation. Most
of the new equipment for soldering
and brazing has not yet reached
the drafting-board stage.

SELECTIVE-AREA HEAT—As a re-
sult of these developments, there
will be much swapping of positions
between high-alloy. and low-alloy
metals.

Low-alloy steels and other metals
can. be so hardened on selective
areas that they have the wear re-
sistance of present high-alloy coun-
terparts. The savings by substitut-
ing the low alloys will be in metals
and in machining costs.

By contrast, selective-area hard-
ening often can save enough on the
heat treating, the straightening, the
secondary grinding, and other pro-
duction costs so that it pays to use
higher-alloy metals.

In between the high and the low
are wide ranges of medium-alloy
metals. These will take over assign-
ments from both ends of the range.

Selective-area hardening and an-
nealing, and far wider selectivity
of what may be brazed or soldered,
are resources which the stress engi-
neer has long awaited. With them,
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machine parts can be so designed
that the stresses concentrate in the
places where they can do the least
damage. Sprocket and clutch teeth,
for example, can be so hardened
that most of the tensile and shearing
stresses are transferred by the stif-
fened teeth to the resilient and un-
hardened masses of metal below
the teeth. When this happens, a
highly stressed part can be made
20 percent or more lighter and still
‘have far more durability than the
original.

By annealing selected areas of
parts and leaving the remainders
hard, the parts can be straightened
far more rapidly. Some areas can be
stiff to withstand chuck-jaw pres-
sures while others are softened for
machining. All sorts of new parts
can be made by simple twisting or
bending of pre-formed shapes; the
areas from and to which metal will
flow in drawing-press dies can be
so controlled that stronger and
better parts are made with lower
die and fabrication costs.

MAGIC TEMPERATURES—Carbon
steels are much stronger at about
600 degrees, Fahrenheit, than at
room temperature. Many machining
operations, especially on bars of less

®

STEEL WOOL

Now Made from Stainless
To Gain in Quality

IN MODERN industrial processes, steel
wool is clamped between disks to
form buffing and scouring wheels,
is formed into balls and cones which
can be mounted in drill chucks, and
is used by many another power
driven method.

Industrial steel wool needs several
controlled qualities. Sharpness of
the edges of individual strands, free-
dom from saw teeth on those edges,
controlled amounts of resiliency, and
resistance to damage by fatigue fail-
ures of the strands and by corrosion,
are among them.

To obtain increased amounts of
these qualities, industry is turning
to steel wools made of alloy steels.
Stainless steels are increasing in use
for this purpose. The stainless steels
are strong, take edges which are
sharp and durable, and, of course,
are highly resistant to corrosion.

MACHINE SCRAPS

Melt Without Burning
In Electric Furnaces

THE oLp-TIME foundryman’s dream
was to melt scrap chips taken direct
from the machine shop. Unfortu-

SCIENTIFIC AMERICAN

than a half-inch diameter, now have
to be slowed down to prevent the
steel from springing away from the
tool, from tearing, or from twisting
off. The attachment of selective-
area heating devices directly to ma-
chine tools will permit the machin-
ing of this steel at a temperature
which gives the greatest mechanical
strength, with machining speeds
which are undreamed of today.

Various alloys of copper, mag-
nesium, aluminum, and other metals
have their individual “magic tem-
peratures” at which they can be
machined, drawn, . spun, stamped,
or cold forged far more easily than
at any other temperatures. At pres-
ent, these temperatures are listed
among the known facts which are
impractical of application. The mod-
ern machine tools for heating will
change all that.

The race is on, then, to see which
machine tools for heating will be
quickest and best in the business of
bringing hundreds of benefits to in-
dustry. And the integrating and
mechanizing of heating devices to
the point where they can be re-
garded only as machine tools is
the most promising as well as dra-
matic fact in the mechanical engi-
neering world today.

@

Foundry furnace salvages' scrap

nately, chips burn up in ordinary
cupolas.

Modern electric furnaces protect
the chips against excess air, can
melt the chips in inert-gas atmos-
pheres if necessary. In them, the
scrap can be carefully mixed to
control the alloy ingredients.

Often the presence of such a fur-
nace in a foundry connected with-a
machine shop can melt scrap at high
enough savings to mean difference
between profit and loss on the ma-
chining of alloy steels.
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Rapid take-off, fast climb are vital to safety; make smaller fields practical

AVIATION

Plane Sense
and Safety

Analyzed in Terms of Accident Causes, Private Flying’s Safety Record
Clearly Shows the High Price of Recklessness. Sane Flight, However,
is Relatively Safe. In a Determined Effort to Cut the Toll, Government

and Industry Now Combine in an All-Out, Safe-Flying Campaign

By ALEXANDER KLEMIN

Aeronautical Consultant; Research Associate,
Daniel Guggenheim School of Aeronautics, New York University

THE future of private flying
seems assured. Plane designs
are excellent; manufacturers have
thousands of orders on the books;
learning to fly' is easy; aviation is
expensive but not too expensive;
and great numbers of people have
both the money and the desire to
engage in private flight. One less
sanguine factor remains—the poor
safety record of private aviation.
Mr. Jerome Lederer, Chief Engi-
neer of Aero Insurance Under-
writers and a recognized authority
on aviation safety, takes a frankly
pessimistic view. In a speech be-
fore the Private Flying Conference
of the National Aeronautic Associa-
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tion, Mr. Lederer said: “In the past
15 years I have tried every means
. to get pilots, mechanics, air-
port operators, and other aviation
enthusiasts to adopt safe practices.
The figures show that my efforts
and those of others have failed
miserably. Before the war, in the
worst year, about 40,000 people
were killed on the highways. If
there were as many aircraft as auto-
mo