SCIENCE

Our New Frontier
Tohn J, Miller

uE srory of mankind is essentially the story
of nutional frontiers. With the expansion of
a nation’s boundaries, there has usually been
a gain in individual stature and in national pewer.
With the retraction or shrinkage of boundaries,
there has been national collapse.

TWhat bas been true of Asiatic and European
history applies as well to our own. Hardly had the
Thirtesn Colonies been organized hefore the pres-

sure of events forced our pioneering ancestors out-

side the colonial borders. William Feon, by stak-

ing cut all of Pennsylvania, drove settlers unwikl-

ing to pay his price for locations further west 1o
tnke more land from the Indians. The MNorthwest
Territory, the Louisiana Purchase, the settling of
the far northwest—all were the res ult of the neces-
sity for extending our fronticrs. Significanily
enough, our last geographical frontier was Alaska,
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Tiich was not aft integral part of eur
wm land ared.

During thislong period of geograph-
al expan“i(m thers was little or ne
nemplo rment, Tor ‘»”ha never husiness
sta,gncttiﬂﬂ threatened, the frontiers
could be extended, opening up new
opportun;nu With the cessation of
geoumpinmi cxpansion, the nation
¢ faced two alternatives—it had elther
“to acguire additior 1! foreign tersitory
or saffer periodic indusirial slumns,
econoimic upheavals, amnd national re-

trogression. )
. Fortunately, at this point in our
sclence came to the rescus,
E‘mrid War § science enab
us to round out our industrial econ-
omy—io make fuiler use of raw ma-
terials abundantly available. World
War I forced ug Into mach more in-
tensive development of all the physt
eal sciences, with the result that we
greatly expanded our manufacturing
capacity, impr{wesi many industriz
processes, and increased the
anization of cur farms.
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PUT MaKING Dwo blades of gras
where one grew belore is
answer to pur present economic prob i

lem. We can and must multiply the
vields, but, equally irportant, we
must multiply  the oariefy ;md the

can pi"()éi.?;(?ﬁ and manuy e ‘id\, EER A

tageously. W@ st perfect thou-
sands of new processes and cresie

thr;u%ez:yiwufﬂw nu;:j\lcia—l‘ra k 11{?’5—
audtural and indust
be an aburdance ¢
our people.
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This is the job that science is
eguipped to do. T can function oot
only In preventing stagnation in the
older arts and esiablished businesses,
but also in creating mualtiple vew fron-
ticrs in whataver direction human
needs may arise,

For example, one acre of farm land
ordinarily produces about tweniy
bushels of sovheans—worth approxi-
mately $ac—and &t would require an
agricultural miracle to increase thiz
vield by any grest amount. Through
the application of industrial science,
theacre’s sovheans can be transformed
inte enough proteins, oil, lecithin and
other by-products to create an acreage
alue of $6o0.

Thus i becomes evig
as gne sguare mile of agricultural land
ordinarily produces erop valpes of 4
{ew huodred dollars, this same ares,
hen put to production of raw ma-
terials for chemurgic use, can vield
values running into thousands of dok
lays, Or, stating it another way, one
square wile of land in chemargic pro-
duction creates as muoch wealth
handreds of square miles put to ordi-
nary farm uses sent need is,
therefore, not for pew gmgrz—zph‘ica?
frontiers bat for Hre ar appl
tion of scie ”*w the utl

tion of the oduced mthm
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enk that where-

as

Crops
present houndaries,
Annther illustration

it

is the conver-
sion of coal, waler, and 2 certain or-
ganic salt into nyion heose. A ton of
these raw materials, valued at 2 few
dollars, 15 tmn*}fm“ismm by sctence into
hundreds of pairs of hoslery salable af
many hundreds of dollars, Through
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the application of new fechniques,

mine-run coal is processed in half an
bour's time into hundreds of diﬁ"@r{:nt
chemical substances, worth nearly
thousand times ihe original valye of
ihe coal
We hear & great deal abaut the ex.

wmustion of our iron deposits and con-
sequent b sinﬁ‘w‘% stagnation in the
Firon range” territory. These glosmy
praphectes take into consideration onl ¥
our ri rff iron mines. What about the
huandreds of millions of tons of iran
ore roserves which can be workes u'
”li"tﬂ.gf:{Uﬁis by a slight changs in ou
mining as*f‘hmq'm%? Ong of the ¢
handicaps in cHorls to utilize these
lower grade ores has been the lack of
cheap hw frogen gas, an efficient agent
for separating iron from its oxide ores,
Now, with the perfection of the revo-
tutionary “sponge iron’ process and
the development of a method of pro-
dur:ing from our abund
the recove ]
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ar 1‘! steel for indusiy
in many pariz of the na

Then there's s
that is bel ing extrac
the rate of many o
annualiy, Instead of iy ;Um
pound, as we did before ‘J!, orid
v I, we are now ;)mdas(rmg magne-
stum from limitiess constiine waters ar
z2z Cents & pound. BH? chis recovery
of magnesium and of other metals fram
the brmy desp—representing annual
values of billions of doliars—imay he
considered as only one sector of our
vast science frontier,
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BUT in terra firma we have other cle-

ments that have long awaited exploita-
tion. For instance, siticon and oxvgen,
the constituents of sand, make up
three-quarters of the carth’s crust
silicon is probably the mest abundant
of all the weorld’s metals—hut what
have we heen doing with it? Outside
of the manufacture of some glass 2
litite carborundum, practicatly
nothing.

Now the silanes and silic are
coming inio the limelight. The silanes
are compounds of silicon and hydre-

4

gen, having a chemical styuctuze sim
jar to that of methane (fire damp), the
principal i

Yot

ingredient of Hurninating
some of the silanes can be
) 70 dewrpcs below zero ms!

( T %.m 1.}9:;—
sifs ica, Hwek Nmapf;mmls
and f.hfeé'f de z%v;ﬂhas stagger the im-
aci o, We koow now that they

o admirably as heating agents and
as hvdraulic {or pressure) substances.

ilicones are silanes with oxygen

added, ard their derivatives are valu-
able n*ix ser well ag

Subsé‘.itui{:ﬁ as
ical 1 L D

> silicones are un-
ain household appli
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3, there need be Htile
out our dwindling petreies
5. “‘af‘» hen our farm areas are
-'ui to produce power aleoho!, and
8% our paper mill wastes are
availa }_ e for conversion to aicohol,
there can be ne lack of motor fuel. Be-
sides, we have our forest wastes —saw-
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dusi bark, tree trimmings, branchogw




runming o billions of fons a year.
These are excellent sources of aleohol
and the price of alcobol so produced
can be competitive with our miners
fuel.

Anather Important fuel is methane,
the gas found in coal mines and abun-
dant in the gas wastes of gas and oii
wells. The bililons of cubic feat of
methane which are going to waste
daily could readily be condensed or
compressed for engine use.  Other
sources are fermenting garbage and
sewage. Both can be ufilized as sro-
nomical sources of methane gas for
operating siationary engines, or for
transformation into numercus vale.
able chemical substances. Surely the
Letter use of our basic fael materials ig
a vital technical frontier.

The term chernurgy, simply defined,
means the transformation of agricul-
tural products inte indusirial com-
modities. In extent this frontier iz
practically boundless. Already we
have established our own synthetic
rubber factories, and we can produce
rubber for about ten cenis a pound—
which means successful competition
with the imported natural subsiance.
For about 4o per cent of the more than
30,000 products now made of rubber,
the synihetics are as good as or better
than natural rubber, Ournatural rub-
ber needs, too, can be met by domestic
production—Irom the Russian dande-

Hon, Russian sunflower, American
milkweed and the prolific goldenrod —
at shout the same cost as for inported
rubber. Suvrely from the millions of
acres on which goldenrod grows wild
there are opportunities for rubher [0S
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duction which can mean much to o
pation Intelligent enough to utilize
such & new frontier.

[ the commercial preparation of
vitamins we are overlopking perhags
the most abundant and availabie
source—ordinary farm and garden
weeds, Irom weeds we con exirace
carotene (vitamin A) and mrest of the
other best known vitaming. The weeds
growing in a few square miles of wasie
land is: the Chicago area could supply
practically all the supplementary vita-
min aeeds of the city’s population,

>

The sunflower is another long-nes-
lected chemurgic opportunity. From
its stalk valuable fibers, as well as o
pithy cork substituie, are obtainahle.
The petals of the fiower vield medi-
cinal substances; the head provides
pentosans, & nch source of furfural:
and the seeds furnish an edible il
similar in properties to olive oil, The
residual meal resulting from the sc
traction of the ofl, when refined, gives
an excellent cake and pastry flour,
And sunflowers, if encouraged, will
grow wild on lands whick are now en.
tirely unproductive,

‘The plastics open up another science
frontier. Until recently we thought
that plastics had to be made of pure
chemicals, for example, phenol plus
formaldehyde. Now we know that
plastics for many purposes—such as
household appliances—can be made
from impure plastic-producing raw
maierials, Ordinary corncobs and corn
stalks are excellent plastics S0UICES, 55
is also the lgnin from our paper mills,
which is wasted 1o the extent of mil-
lions of tons annually.
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Forest waste alse is a vaivable raw
material for plastics, and the resins
which are obtainable in practically
urdimited quantities from tree stumps,

wood wastes, crop wastes, likewise
serve as plastics ingredients. We have

done well in the refinement of plastic
articles but we are only beginning to
utilize the available waslie materials
for a greatly Increased variety of plas-
e commndities,

TS 15 semething of the picture of
science 18 & basic factor In the pro-
duction of wealth and in the improve-
ment of the living standards of man-
kind. Thers are, however, several de
terring influence w!u{h militats
against the fallest witlization of this
limitable frontier. One is the mo-
nopolizati
forests, mineral deposits, water si
and land—u monopoly which sever
handicaps our industsial sclence pro
gram, Another is patent abuses, which
result in the suppression of new proc.
and the discouragement of busi-
nesses dependent upon old methods.
’I"hﬁr 1’1 ere iz the lack of “know how.”
he factor, strangs to say, thatl
L many te’i‘slfi]@ processes from
the public,
ratively few of our indus
trialisis and engineers have the “kne
how” for using and expanding the

§

an of our natural resources—
]
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technical methods essential to large-
scale industry, Hepe is whers our
scheols are partly at fauit, If, instead
of teaching merely the principles of
science, our schools would iy o to
the point of practical apphcaimu i
all the physical sciences, the “know
how™ could be spread to thousands of
areas. Such a program, in combina-
Lion with the encouragement of indus-
trial science which state governmenis
conldd give, would decentralize indus-
trv and make it possible for many
thousands of technically inclined indi-
viduals to be in business for themselves
—and thug to serve their country
most effectively,

Bt the responsibility is not solely
upon school boards, ner state and fed-
erat awthorities. The people them-
selves must realize that science is basic
and vital in our npational economy.
They must appredaie, {or instance,
the relationship between Turther
vances in science and such practical
znd diverse things as the cost of else-
tricity, the safety of an automobil
and cvervone’s opporiunity for em-
.j)lf}”“"sf’i Tf we want an abundance
; p world-—-us
a3 such essentials as fnad, cloth.
ing and shelter—we shali have 1o give
much more attention to science. Given
free vein, science can create an eve
expanding frontier!

® An erz like this ought o open our eyes until we
This whole catastrophe goes

aw before,

see things we never
back o the refusal of vision,

to wrong ways of looking at life. What if out of this wartime experiencs

we could come with our eyes open?
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