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T I I E  VALUE OF RESEARCH TO INDUSTRY1  

THE large chemical industries and, in 
fact, all branches of chemical technology 
have been immensely developed during the 
nineteenth and twentieth centuries, and 
the achievements of chemistry in the arts 
and industries have been stupendous and 
varied. In  part,icular, industrial research 
-definable as "the catalysis of raw ma-
terials by brains7'-has been and is being 
increasingly fostered by chemical manu-
facturers, and this has led to the accrue-
ment of important novelties and improve- 
ments. 

Many excellent r6sumBs of the develop- 
ment of industrial chemistry during the 
modern chemical period have appeared in 
the literature. I shall only remind you 
that these indicate how industrial chemis- 
try has been elevated by a continuous in- 
fusion of scientific spirit, and .that manu- 
facturing, once entirely a matter of em-
pirical judgment and individual sl<ill, is 
more and more becoming a system of scien- 
tific processes. Quantitative measurements 
are replacing guessworl<, and thus waste 
is diminished and economy of production 
insured. In  the United States, several de- 
cades ago, few industrial establishments 
furnished regular employment to chem-
ists, but now American manufacturers are 
becoming more and more appreciative of 
scientific research, and the results so far 
obtained have resulted in far-reaching im- 
provements. I n  the production of a metal 
from its ores, or of benzene derivatives 
from coal-tar, i t  is chemistry that points 

1 An address delivered, by invitation, a t  the in-
augural meeting o f  the session o f  the Royal (:a-
nadian Institute, Toronto, November 7, 1914. 
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the way, and the niore complex the prob- 
lem the greater the dependence. In  dc-
vising new processes and in the discovery 
of new and useful products, chemistry is 
again the pathfinder. The community is 
apt to overlook the exteut and diversity of 
the services rendered by the chemist, be- 
cause of the quiet alid unobtrusive way in 
which the work is carried out. 

The measure of a country's appTecia-
tion of the valne of cheniistry j11 its ma- 
terial development niid the extent to whirh 
i t  utilizes this science in its industries, gen- 
erally measure quite accurately the indi~s- 
trial progress and prosperity of that 
country. I n  no othcr country in Ihe world 
has the value of chenlistry to industry been 
so thorouglily unclcrstoocl ancl appreciated 
as in GeTmany, and in no other country 
of similar size and nati~ral endowment have 
snch remal.liablc advances in industrial de- 
velopment been recorded, and this, too, 
with steadily increasing economy in the 
utilization of the natural resources. 

TRE CEIEMICAL INDUSTRIES OF GERML\NY 

The history of the great firm of Farb- 
werlie vorm. Meister Lncius und Bruning 
a t  ITochst a/$[., Germany, serves as an 
admirably typical record of the develop- 
ment of German chemical industry. 

In  1.862, two chemists and two mer-
charits organized a firm for the mannfac- 
ture of tar colors, and the plant was started 
thc following year with five workmen, one 
clerk, and one chemist. Onc boiler of 3-
horse-power supplied the power. Fnclssin, 
anilin blue, alkali blue, aldehyde green, 
methyl violet, methyl green and malachite 
green were the first products. I n  1869, the 
manufacture of alizarine was taken up. 
In  1878, new buildings mwe erected for 
the manufacture of azo-dyes, ancl two 
years later the firm mias formed into an 
Actien-a esellschaft. I n  1883, the manu-

facture of pharinaceutical prepnrations 
mere started with aritipyrine; in 1892, 
Hoch 's tuberculin and Behring 's diph-
theria serum \\-ere prepared and marketed; 
aiicl in 1898 tlle ~nanuf:rcti~re of syntl~etic 
indigo was begim, 'Phc nnmher of typcs 
nncl colors manirPactnrcd t\veilty-five years 
ago amounted to 1,750; in 191:3, about 21,-
000 lvere manui'actured. I n  1888. tlie 
steam engines liad ;I total horse-power of 
1840; in 1913, 30,000 horse-power were 
required. In 1888, 1,860 morltmen and 57 
c h c ? ~  \Irere ~mplogecl 1912, 7,680is ts ; in 
m70rkmen, 374 forcmen, 307' ~ h e n ~ i s t sancl 
74 other technicid rncn mere on the pay- 
roll. I n  1912, 8.6 milliori marks were paid 
in \vagcbs and 5.2 million niarks in salaries 
and bonuses. 

Since TVallitch brgult his invc~stigation 
of essential oils and lerpencs in  1884.the 
manl~faclure ol' perJnnics in Gemlii~~y Bas 
grom7n continiiously. In 189;i, synthetic 
neroli oil was prepa~ccl: in 1896, oils of 
jasmine and h y a h t h  l~loqson~s, and, in 
1908, the essential oils of lily of the valley, 
wer-e synthcsizecl. I t1  t21c explosives indus-
try the chief efforts h:~r~c becn clirected to 
the mannfacture o-C safe products. TITl'hile 

1890, 4,938 tons of dynamite were pya-
cluced and only a11 insignificant quantity 
of safety explosives, in 1909 the procluction 
of safety expIosives amonnted to 10,000 
tons as cornpared . ~ lit11 8,000 tons of clyna-
mite. The great clevelopmcnt of the Ccr- 
man dyestuffs intlustry led to developmenla 
in inany ottcier branches, espc~cially in the 
sulphuric acid, chlorine, tar-oils and nitric- 
acid industries. The development of the 
cyanide process for the extraction of gold 
also led to the introduction of n, new tech- 
nical process m a n ~ ~ f a c t a ~ i n gof synthetic 
indigo, based on thc lac of sodium amicie 
ill the alkali fusion of phenylglycin. In 
1913, tlic selling valae of the syuthetic in- 
digo on the world market amonntecl to 
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nearly $2,500,000. The demancl of the dye- 
stuffs worlis for coal-tar products also led 
to the great development in  the recovery 
of by-products in coke manufacture. The 
recovery of ammonia as ammoninm sul-
phate, a valuable fertilizing material, has 
grown rapidly in Germany. 

The purely inorganic chemical worlcs in  
Germany have been in a different position 
as compared with the large color worlis. 
which, ~ v i t h  their large and excellent scien- 
tific and cornmercial organization, as well 
as their splendid financial position, reprc- 
sent enormous powers. The Cernian color 
worlzs long ago ceased to purchase the in- 
organic products they required. I n  1913, 
they morlied their ovin mines, made all in- 
organic and intermediate prodncts thern-
selves, not only for  their onrn requirements, 
but also for sale, and controlled every 
branch of chemical industry. The great 
adviince of these large concerns made i t  
very difficult for the inorganic svorks to 
take 1up new mannlactures to compensate 
for the continued falling-off in the profits 
on heavy chemicals. 

AIucli is to be learned from a study of the 
history of German technology. TVe find, 
for instance, that  the progress of industrial 
chemistry, especially in its synthetic 
branches, has lagged in the United States 
because the TTnited States corporation and 
patent laws are unfavArable ( in  Germany 
a patent must be worked or forfeited) and 
hecause there is no large supply of cheap 
researchers. German conditions in these 
respects have been the direct causes for  
thc Gern~an developmen t. TTomevcr, with 
proper legislation, the chen~ical industry 
will clevelop in  the TJnited States, a t  least 
to the same extent as in  Germany, for 
American engineering ingenuity will serve 
to counterbalance the advantage of cheap 
labor; and the same applies to Canacla, 
whose engineers have demonstrated skill 

and resource in many cjevelopments of im- 
portance to the Ilominion. 

I ~ i k e  Canada, the United States has un-
necessarily imported too mnch. Given 
proper conditions, American industrialists 
can take care of a larqe amount of goods 
now being imported, and in some cases pro- 
duce thein here. I n  other cases, they could 
even become exporters of commodities now 
imported. To accol~iplish this. however, a 
large amount of research r;vill be necessary, 
and, in general, considerable investments 
will have to be made. 

TIIE CI-TERIICLiL INDUSTRTES O F  SWEDEN 

Since most of the rivers of Canada pos- 
sehs watclrfalls on their course, they must 
become increasingly important as sources 
of power, the basis of incl~ustry. Your swift- 
flowin,rr streams, capable of supplying al- 
most lullimited power, remind one of those 
which are the boast of Sweden and Nor- 
way; and lilie these countries, Canada has 
not only wat~rfal ls .  but she has many lakes, 
which will serve some day as large natural 
reservoirs for  conducting the water to the 
power stations. 'It is appropriate, there- 
fore, that brief referellee be made to the 
chemical industries of Scandinavia. 

Sweden is a land in which chemistry has 
played an important ri,Ie from an early 
dale. No less than tvienty of the known 
chemical elements have heen discovered by 
Surt~Ics, and we are all familiar with the 
piorleer worlc of Scheele anti T3erzelius 
during the constr~tctive period of chemistry. 

Sweden owes to thrce factors its past and 
present position in industrial chemistry: 
an ablundantly diversifiecl mineral wealth ; 
forests of enormous extent; and abundai~t  
~ ~ a t e r  I ts  metal produeti; ofpower. are 
notably high quality; the manufacture of 
cellulose in its varied forms constitutes an 
enormous industry; and the electrochem- 
ical industries have availed themselves of 



874 SCIENCE [N. X. VOL. XL. NO. 1042 

the vast water power. Research is con-
stantly in progress, ancl the results of the 
Swedish investigations in the electric 
smelting of iron ores have indicated much 
for a better utilizatioii of the iron deposits 
in certain parts of the United States where 
conditions are not nnlilre those existing in 
S~veden. 

THE CIIEMICAL INDUSTRIES OF NORWAY 

There are several features ~vorthy of 
careful study in connection with the chem- 
ical inclustries of Nomag. First is the very 
systematic and exhaustive manner in 
which the abundant water power of the 
country has been regitlated, storecl LIP, and 
pressecl into the service of the constantly 
growing group of electrocbcrnical indus-
tries. The highest engineering and chem- 
ical talent of Norway is patriotically en-
listed in this cause, and already the road 
is constructed for little Norway to assume 
an industrial position cominensurate with 
its geographical size and maritime facilities. 

I n  the field of industrial organic chemis- 
try, Norway has also shown her ability to 
develop an industry-the manufacture of 
oxalic acid. This is a branch of manufac- 
ture which has never been developed in 
North America, and, as there is only one 
plant producing oxalic acid in the United 
States, comparatively enormous amounts of 
money have nomaally been expenclcd annu- 
ally in the purchase of this commodity in 
Nonvay and Germany. 

While the climate is severe, coal is lack- 
ing, the mineral deposits are not easily 
accessible, and the conditions of life are 
comparatively hard, the Norwegians have 
brought certain chemical industries to the 
fore. I n  the development of these, cl~em- 
ical research has had a prominent part. 

THE CHEMICI\II INDUSTRIES O F  IIOWJAND 

The Netherlands offers a most interesting 
example of what can be accomplished in 

building up diversified branches of the 
chemical indostries when there is an almost 
complete depenclence upon foreign fuel and 
raw material. The evolution of the manu- 
facture of starch, of iainernl pigments, of 
matches, and fertilizers, as well as the in- 
dus1,ries counected with the oils and fats, 
are most instructive in this connection. 

Provicling the people of Holland rentain 
free from military burdens, it may be pre- 
clictetl that the excep1,ionally high degree 
of thrift, intelligence and enterprise char- 
acterizing the Dutch will enable them to 
accomplish the enlargement of the ficld of 
chemical industry and to free the countvy 
from dependence upon foreign sources of 
supply of finished products. 

THE CHE3fICdIl INDUSTRIES OF BELGIUM 

Prior to the present war, Bclgiurn was 
regarded from the standpoint of the tech- 
nologist as offering a most instructive ex-
ample of what can be done in a small 
country in the healthy development of n 
large group of closely allied industries. 
A11 the chemical braocahes dependent to a 
greater or les.: extclnt upon the natural 
products of the land had been brought to 
a high state of perfection. In  addition, 
numerous chemical industries utilizing raw 
materials of foreign origin had been called 
into existence. Then, too, the ability to 
captitre, in  various directions, foreign 
ma~lrets for different, chemical products 
had bccn revealed to an astonishing dcgree. 

The Belgian chemists of the nest decade 
will once more be obliged to concentrate 
their enrl~lavors in b~dldirrgixp the indus- 
tries for which the little kingdoin was so 
worthily famoixs-the production of staple 
articles of value. In  this line they will, no 
doubt, show that high degree of inventive 
skill, capacity for organization and com-
mercial acuteness which has allvays chnr- 
acterized the Belgian technologist. 



SCIENCE 


THE INDUSTRIAL CHEMISTRY OF TO-DAY 

The picture that teclinical chemistry 
presents to-day is quite clifferent Prom that 
of thirty years ago. There is more bril-
liancy a ~ o u n d  the accomplishment of the 
organic than of the inorganic industries. 
The replacement of natural dyes by the 
products of coal tar, the extension of our 
medical resources by the manufacture of 
synthetic medicines. has gone f a r  to ex-
tend the appreciation of chemical worli and 
to produce the general coliviction that 
chemistry is an inexhaustible field of eco-
nomic possibilities. Indeed, one natural 
product after another falls into the domain 
of chemical synthesis, and chemistry is be- 
coming the important factor in the economy 
of the tropical products which are used for 
industrial purposes. As soon as the price 
of such a product exceeds a certain limit, 
organic cliemistry enters the field and syn- 
thesizes it. Tanning materials are in a 
struggle with the condensation products 
of formaldehyde and phenolsl~lfonic acids. 
Camphor could maintain its position only 
by large price reduction, and the prospect 
of synthetic rnbber has held down the 
would-be inflated prices of the natural 
product. The basis of this marlied devclop- 
ment in organic chemical industries is the 
combined worliing of science and technol- 
o , ~ .  The success of this intermingling is so 
obvious that I need not dwell on the point. 

I n  the domain of inorganic technical 
chemistry things are somewhat different. 
Here, too, a great change has talien place. 
The historical sulphuric, acid and soda 
processes have lost much ground to the 
ammonia-soda and electrolytic processes, 
and to the contact process. N~IF-branches 
of industries have taken root and grown up. 
I n  this field, however, the connection be- 
tween scientific and technical progress is 
neither SO obviol~s nor SO well recognized 
as in the realm of iridustrial organic chem- 
istry. The reason is that the advance in 

inorgallie science, during the last decade or  
two, has resulted less in the discovery of 
new facts whicli had direct technical appli- 
cations, than in the elucidation and working 
out of new theoretical views. In fact, the 
introduction of physical laws and physical 
metliods into the morhirlg sphere of inor- 
ganic chemistry has led to the greatest 
scientific progress. Tlie invasion of physics 
into chemistry has produced the splendid 
development of pligsical chemistry, the 
basis of ~ ~ h i c h  is the second law of thermo- 
dynamics, the phase rule, and the theory 
of electrolytic dissociatio~i. The introduc- 
tion of the electroscope into chemical anal- 
ysis has opened up the new chemical world 
of radioactivity. Kow inorganic chemical: 
industries can gain almost as much by re-
garding their problems from a physical 
point of view as organic ind~astries do by 
the application of structural considerations, 

T H E  VALUE O F  PHYSICO-CIIEXICAL RESEARCR 

Owing to the progress of physical chem- 
istry, based largely upon thermodynamics 
and including the accurate q~lantitative 
study of the conditions determining the 
reactivity of substances and the velocity of" 
chemical change, chemistl-y has, indeed, 
nndergone revolutionizing changes duriny 
the past twcnty-five years. The study of 
the behavior of catalysis comes well within 
the province of physical chemistry. As 
examples of industrial processes based upon 
catalytic action, I shall mention in passing 
the Deacon chlorine process, the contact 
sulphuric process, the hydrogenation of un-
saturated fatty acids and their esters, the 
synthesis of ammonia from its elements, 
the oxidation of naphthalene in the proclue- 
tion of synthetic indigo, and certain meth-. 
ods of surface combustion. 

Fermentation industries and the whole 
field of agricultnre depend upon physical 
chemistry for their further progress and 
development ; for enzymes are essentially 
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catnlyhts and the siintulatinq action of 
snrall cyi1a11titic.s O F  inorganic cornpounds on 
the growih of plants lias l~ecn demonstrated. 
F o r  instance, very small aclditions of man- 
ganese or zinc, or mixtures t l ~ e ~ e o f ,  increme 
the yield of plant cult~tr.(l. 

Tn this councctiou I m:1y rcfer io the ap-
plicalioll oS the phav  rule by van't TXoR 
to the 1jeltc.r niilization o f  the Rtrassfnrt 

01.cvhic.h was in no way antirip8terl. In-
deed. tlic. 1-eeognitiou of the tllerapeutic 
value of some 01tllc earliclr syntlrrelic tlr~tgs 
~v:;s ei'l'ected, as ]<cane has indicated, rathcr 
in acco~.tl with Pricstley7s bel id  that  a11 
tlwcoveries are n~atlc 1)y chance, xud has 
hcen est(~ni1cd \<-it11 some rcminisccnce of 
his vic~17 that sc ie l~l i f i~~ invcstiqai,lor~ was to 
hc "cornparcd to n hontld, n iltilj- n~nr i ing  
after atld here arrrl there cliniicing on 
gamt2." The hypnotic. ~ ~ r o p c r t yof snl-
phonal was a chiincc discovery; the pl-~ysio- 

salt c?c>porit,s, arid to elcctrocll~mist~.y, 
photochemistry, and to the ehen~istry of 
colloids. 

The sncccssful solrrtruti of the p r o b l ~ ~ mlogic.nl actlorr of tir~tijjyrinebyit3 initially 
of the oxidaliori of atmospl~c~rienitrogen, i3u;rmined on accourrt of its supposed ~'elil- 
i l ~ r  ~wootiuctrori of ammonia from its clc- t ion in circ.mical structure to 1tair.irrc ancl 
rizenls, a ~ t d  the ma rinfactrrre of su l j ) l l t~~ icallied fc.lr)rjfuges, which was subscquelrtly 
acid h y  thc contact process, were orily n ~ t i d ~ lprovrd to be inco~rec t ;  ancl Ihc purgative 
1)ossihle by the l<nowledgc of thc prirrcipl~s 
and metllocls of chcmical dynamics arid 
tliernlotlynamics. 

Furihcr.. thc Icac:hin:ys of pliysieal cdhcm- 
islry linvc let1 lo tl.1(1 stll'ly of t l ~ c  conclitiol~s 
of al)wrplrorr of clruqs hg 4hc v a r i o ~ ~ s  cells 
aticl t i w t e  juii.cs of thkb l~ocly, of lErc par1 
playclil tl.ler~111 by osinosis, by electrolytic 
d~ssocintiou,by nl:tss, and especially hy the 
colloitit~l cl.~irract cr of tkc snh~t:rnces con- 
cc1ri:ctl in ~r~ctaholism. Sue11 slltdy ahso-
ciated wit11 bioloplcal chemistry hns pointed 
tlie w;iy to new mcthods of rcscnrck wl~ivh 
proimihe vr ell l o r  a fllllrr unclrrstirniiing of 
thi1 ronrplesitic~s of the processes that aye 
compri6,kcl in the physiological aclion for 
drugs. 

Ilcspite the nrass of inaterial that  has 
thus hccri aecum~ilatccl, n scientific hasis 
f o ~Ihp l)rcpai.ation of physiologically ac-
ti1-c compoundh i h  hilt in its: infancy. 'I'he 
po~sil?ility or prccal(2ulating tlic action of 
a clrug fror~i  its cIieinic3al structlirc is as yet 
clcveloped to 1)ut a limited estcnt, as has 
brcn I-e1)c;ltetlly l ) r o ~ q h t  hornc tl~rring re- 
cent Scars 1)y the discovery of new groups 
oT cornpounds possessi~rg ~ a l l ~ a b l e  thcra-
pe~rtic prol,ci~ties. the physiological action 

propertici: ol' p1icnoly)htl-la lei n became 
krro~cn Sroni Ihc resr~lts that follo~vctl i t9  

11s~ to e:lrrnarlc, fo r  adn~i~i is tmtivepnr-
p o w ,  a cdertain kind of wine i n  Iinstriu- 
Th~lngary. l'he commercial success of anti- 
pyrinc- thr profits i n  one year frorrl its 
rnnrrul~~c.turcbcforc the expiration of the 
paitlnl arc said to llave reached $300,000-
was follower1 by :I I l l~ntfor fllrtlier "game" 
and llitlr1-y a, omp pound, stlt?b as acetanilide, 
has bc~en t.allrd from the sccllxsion of chcm- 
ical illuseurns for. the examination of its 
pliy61ological prope1tic.s. 

Thc i*ccognition of the tl~crapeutie value 
of such sl~1)st~irrccshas h ~ e n  J o l l o ~ ~ e d  by 
inquiry irito llrc relation o f  their ehrrnical 
hl rnctnrc an t l  pl~ysiological action, with the 
result that the s,tndy of tllrs relation ha.; 
sincc hecolnc more ordcrecl ant1 systematic. 

( x ~ O C I I T : ~ I I C I \ I ~RESE \ RPTT 

A st11tl.y ol' the  rnarrrlrr in which ccrtain 
rni11er;tls arc us1 1nll.y found associated to-
gether ill nature, eo~rlmonly those which 
are isomorplions or ~ ~ h i c h  corrtairr tlic same 
group of clemcnts, but very often of elltirely 
tljfSer.ent mine~aliectl and chernical char-
acter, is of particl~l,lr i-rnpitrtance to the 
commercial man, and s l ~ o ~ l l d  greatbe of 
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assistance to those chemists and physicists 
who s t ~ t d y  the qenesis of minerals and 
"elements " and the so-called deqradation 
of the latter. Jus t  as the periodic la517 of 
Newlands and Mendelkeff was evolved 
lfrom the tabular collating of chemical dncl 
physical data, and was found capable of 
prophetic use, so one may learn and pre- 
dict much from a study of the ltnown asso- 
ciations of minerals, and particlxlarly those 
of the rare metals. One has the aclvantage 
of lino~ving that minerals have been pro-
dnced' under natural conditions nrheve no 
mistirlics or errors of manipulation can have 
occurred and where no difficulties due to 
want of tinie, material, o r  facilities for 
experimenting existed; in  ot;her worcls, 
where the personal factor mas absolutely 
non-existen t. 

Probably the most promising field for  
research exists in the oldest plutonic roclts. 
and particularly in suc~h pegmatites and 
other extrc3melg old granitic and other 
roclis as have been subjngated, a t  great 
depth and pressure and a t  high tempera- 
tures, to the action of intrndecl flows of 
fused mineral matler from still deeper-
seated sources, or of vaporized mineral 
matter of similar origin. Such rocks exist 
in many parts of the xorld,  but the pegma- 
tites of Norway, the old granites of Green- 
land. and many oE the old hut  less highly 
crystalline tin-bearing deposits of Corn-
wall, may be instanced as likely to throw 
light on the origin of certain metals, ancl 
especially of those a t  the  "heavy" ancl 
"light" ends oE the periodic table. Perhaps 

There is in this l-,nsines.j more tllnn nature 
Was ever conduct of. 

It is probable that  some of the missing 
heavy e1t)nlents near the. uranium end of 
the table may be found in srlch roclrs, and 
tha t  certain light elements, for  which room 
may have to be made in the table, may also 
be clj~cove~ed. 

The comprehensive investigations in 
progress a t  the  geophysical laboratory of 
the Carnegie Institution illustrate the 
change now occurring in geochemica,l re- 
search. 

THE VALUE OF RESEARCII IN MET-\LLTIRGY 

To the valuable properties of the many 
alloys of iroli now n~anufact~xred,from 
carbon steel to the complex alloy lino~vn as 
higll-speed tool steel, which contains no less 
than five different elements apar t  from the 
iron itself, is to be attributed the great 
progress which has been made, whether in 
the arts of peace or in mar. There is one 
simple concrete instance-the moderu 
anton~obile. Eliminate the alloy steels 
usecl in its constn~ction, and it colxlcl no 
longer be produced. The combination of 
lightness ancl strength necessary in  such 
modern products is only made possible by 
the use oE special alloy steels. 

TYhile the progress made in alloy steels 
since IIaclfield's first researches in 1882 
and onwards has been wonderful, indeetl, 
the field for research is still an  immense 
one, frill of difficulties, disputeci points, and 
important problems. T t  is trne that  there 
may not be a t  the presmt time room for 
such abnormal discoveries in ferrous metal- 
lurgy as in the past, but investigators are 
quietly and steatlily angmentiug our  knoml- 
edge of iron and iks alloys, and the value of 
such research work is generally recognized. 

I t  remains to meritio~l in  this connection 
that  the science of metallography, which 
has so materially aided the progress of 
metallurgy, has been developed by the 
assistance of the phase rulr. 

Research work of an elaborate nature is 
constantly being condndecl by several 
marn l fa~ tnre~s ,especially a t  Homestead, 
l'a., by the TJnited States Steel Gorpora- 
tion, which has to date expended over 
$800,000 in investigations on the electro- 
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Ihermic production of steel alone. PTow-
ever, metalli~rgical research laboratories 
are still cnmp:iratively nncommor*. Very 
Pew iron furnaces or smelting plants are 
withollt a control laboratory, which has 
eonre nk)ont notwithstanding the opposi-
tion of "praciical men," and the research 
lal~oralory u ill eve:entnally win a similar 
victoi-y. 

The great problcms a t  p r e ~ e n tin the 
m c t , n l l n ~ y  of zinc are in  the eoncentra-
tion of the ore and in the treatment of 
flotation concacntvale. The latter pro~iuccs 
the trorlblcs that fine ore always docs; it is 
difficult to roast, and the distillation of it 
is attendcd with tro:rl)lrs. 

Viemriag tlie present statixs of the pradise  
i n  zinc smelting, one is impressed by the 
high extraction results, the lorv file1 con- 
sumption made possihle by regenerative 
gas-firinq. and the reduction of labor in- 
volved in the art .  

In coppc.r metallnrgy. the leaching of 
copper o ~ e s  and electrolytic deposition for 
precipitating are rccciving increased atterr- 
2.

~1011. I11 electrolytic copper refining, 
promising progress has been made in the 
Prealn~cnt of anode slimes; and more at-
tention is bejng paid to the recovwy of by- 

mllicli are immutable. These mam~fac-
tnrcrs must be inclucecl to recognize the 
actuality of srrch principles arid to realize 
f i ~ l l y  that an a c t ~ ~ a l  coml)reh~nsion thereof 
is necrssary for the attainmentoof tliat 
l?leaxi rre of siuxess nccehsary to maintain 
uniform quality and maximum output of 
~'rotlnct,. 

In  this connection, 31 may say that the 
syslerri of practical cooperation betwecn 
industry and learning, founded by the late 
DY.Bohert lienncdy Duncan, hns had eight 
years oE trial. The olxtcorne of my eminent 
predecessor's lalwrs, The 3Tellon Inslitute, 
through its inclr~strial ft~llo~vship system, 
represcnfs a hitppy and sr~cccssful alliance 
7)ctiveen science altd industry, for a valrx- 
able ant3 permanent rclatiou has bc'en cstah. 
lishcd by the holatioli, at the institute, qil 

many inlportant man11factnring problems. 

TIIE METTTOIIS O F  I~TTLZCRINGJWDUSTRTAL 


PROIILEMR 


W h e ~ ia chcmicnl industry has problems 
reclniriiiy solution, tE~cse p r o b l ~ ~ r i s  becan 
attaclccd c,itlier inside or outside of the 
plant. If tlre policy of the rnanage~nerrt is 
that all chemical prol~lemir are to be jnvcs- 
tigated onLy within the estahlishineat, lz 

prodixcts, 11c.w uses for  two of ~vhic~h,research laboratory or a t  least a rescarcl~ 
seleniunl and tellurium, are required. chemist must he provided for t l l ~  plant or 

for the company. At present, in the United 
C:0OPERlTION BETWEEN SClENCE AND States, probal~ly not more than IOU manu-

INDUSTRY faclhwing eslal)lis2irneals have resrarch 
While those enqagcd in  a profession laboratories or employ research chemists, 

vhich has so many ramificatiorms as has altliough a t  least five tompanics are spend- 
chemislry in its numerously varioixs appli- ing ovrr $100,000 per year in research. In  
cations to all mode1.n activities, must co- Germany. and perhaps also in Blngland, such 
operate to effect advancaemeal, before such research lal~oratorics in eonncction with 
eoopcration earl be cffecative, there must be cllelnical industries haye bcen much more 
a mutual understandinq between chemists common. The great laboratories of the 
as a and intlustrialists. Badische Anilin imd Soda Fabrilr a n d  ofpro less io~~ Many 
American chemical manufacturers still the Elberield Company are striking exam- 
lollotrr n11c.-of-thumb methods without hav- ples of the importance attacahed to such 
inq any idea of the underlying principles research work in Germany, and it n~ould 
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be difficult to adduce any stronger argu- 
ment in support of its value than the 
marvelous achievements of these great firms. 

An unfortunately frequent difficulty en- 
countered in the einployment of research 
chemists, or in the establishment of a re- 
search laboratory, is that many manufac- 
turers do not appear to grasp the need or 
importance of such work, or know how to 
treat the men in charge so as to secure the 
best results. The industrialist niay not 
even fully understand just what is the 
cause of his manufact,uring losses or to 
whom to turn for aid. If he eventually en- 
gages a chemist, he is sometimes likely to 
regard him as a sort df master of mysteries 
who should be able to accomplish wonders, 
and, if he can not see definite resnlts in the 
course of a few months, is occasionally apt 
to consider the investment a bad one and 
to regard chemists, as a class, as a useless 
lot. I t  has not been unusual for the chem- 
ist to be told to remain in his laboratory, 
and not to go in or about the ~vorlcs, and 
he must also face the natural opposition of 
workmen to any innovations, and reckon 
with the jealousies of foremen and of vari- 
ous officials. 

From the standpoint of the manufac- 
turer, one decided advantage of the policy 
of having all problems worked out within 
the plant is that the results secured are 
not divulged, but are stored away in the 
laboratory archives and become part of the 
assets and working capital of the corpora- 
tion which has paid for them; and it is 
usually not until patent applications are 
filed that this knowledge, generally only 
partially and imperfectly, becomes publicly 
known. When it is not deemed necessary 
to take out patents, such knowledge is often 
permanently buried. 

In  this matter of the dissemination of 
knowledge concerning chemical practise, i t  
must be evident to all that there is but little 

cooperation between the manufacturers and 
the universities. Chemical manufacturers 
have been quite naturally opposed to pub- 
lishing any discoveries made in their plants, 
since "knowledge is power7' in manufac- 
turing as elsewhere, and new knowledge 
gained in the laboratories of the company 
may often very properly be regarded as 
among the most valuable assets of the con- 
cern. The universities and the scientific 
societies, on the other hand, exist for the 
diffusion of knowledge, and from their 
standpoint the great disadvantage of the 
above policy is this concealment of knowl- 
edge, for i t  results in a serious retardation 
of the general gram-th and development of 
the science in its broader aspects, and 
renders i t  niuch more difficult for the uni- 
versities to train men properly for such 
industries, since all text-books and general 
linowledge available xvould in all probability 
be far  behind the actual manufacturing 
practise. Fortunately, the policy of indus- 
trial secrecy is becoming more generally 

in the light of reason, and there 
is a growing inclination among manufac- 
turers to disclose the details of investiga-
tions, which, according to tradition, would 
be carefully guarded. These manufacturers 
appreciate the facts that public interest in 
chemical achievements is stimulating to 
Iurther fruitful research, that helpful sug- 
gestions and information may come from 
other investigators upon the publication of 
any results, and that the exchange of knowl- 
edge prevents many costly repetitions. 

INDUSTRIAL FELLOWSHIPS 

If the manufacturei* elects to refer his 
problem to the university or  technical 
school, such reference may take the form of 
an industrial fellowship and much has been 
and may be said in favor of these fellow- 
ships. They allow the donor to keep secret 
for three years the results secured, after 
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which they may be published. They also 
secure to him patent rights. They give 
highly specialized training to properly 
qualified men, and orten secure for them 
pcrnranc~~tpot,itions and shaves in the prof- 
its of theiv tlisc~overies. It shoulil he ohvi-
oils ;it the onlset that a fcllomrdiip of this 
character can be snctessful only uhen there 
arc closc t~onfiilcntial re1;ttions o1)tailiiiig 
bctneerr the manufncturer ant1 the officer 
jn charge of the rcscarcah; for no such co- 
oporntion can hc  really eflcctirrc~ nnlesn 
l~aseti npo11 a thorougli n~utua l  familiarity 
wit11 t l ~ r  concljtions ancl an a1)idiny Faith in 
the i n t ~ g r i l y  and sincerity of purpose of 
each other. It is likely to prove a poor in- 
vcsl~oent Tor a mnnufactnrcr to seek the 
aid of au i~vest iq ,~t i ) r  if he ii7~lnwillinq to 
talw such expert into his confidence and lo 
familiarize h i n ~  with all the loeal ancl other 
factors which entrr irrlo the 13roblcm f ~ o n l  
a rnanufaetxtring c.t andl~oint. 

Accortling to the srstcrn of industrial 
rehearch in operation a t  The J'lcllon Tnsti- 
t11te or Tndnstrial Research of the TJniver- 
sily of Pittslntr:h,Qa rnanufaclur-cr having 
o problem requiring solution ]nay bcconic 
the donor. of a fellotvship : said n~annfac- 
tnl-er provides the salary of .the fellow 
~clectecl to conduct the investigation dc-
sired, the iristitt~te furnishing siicli facil- 
ities as are necessary for  the conduct of 
the work. 

'I'he rnoncy paid in lo Pountl n fellowship 
is paid over hy tllc institute in salary to 
t h ~inrestigatoi. doing the work. I n  every 
ease, this researcher is most carefully 
sclcctctl for the problem in hantl. The in- 
stitnie supplies free 1abo1,atory space and 
the rise of all orcliriawy cllevrricals and eqnip- 
ment. Thc fell or^ who is studying the 
problem morlcs nncicr tlle immediate snper- 

2 On the progress \ ~ l ~ i c h  nmdehas been in in-
ilnstr i n 1  fc.llorrslrips, 6Pe 1s. F. Xa('011, .T. li'~at~k1. 
Inst., N o r c n i b c ~ ,1914, 623. 

vision of men who are thoroughly trained 
and experitmced in conducting inclustrial 

A t  the present time, The ;CTcllo~~h s t i -
tute, which, while an integral part  of the 
TTniversily of Pi1tsbnrgh, has its o\rn en-
dowment, is expending o-ser$150.000 annll-
:~llyfor s;xl,lries and nlaintcmmce. il mana-
factirrer secures for  a small expendi t~~rc  -
just suifcient to pay the si~lai*yof the 
chcnrist on the investigation--all 
the brnrfiis of an organization of this siac, 
and  inany have :nvailccl thcmselvcs of the 
advantages, 

Xach Ptlllo~v has thc henelit of the insti- 
tlxte's very excellerrl apparatni;. e1rcmic:~l 
and library nynjpllier~t-facaililies which 
alee so c>ssential in mottern r c ~ e a r e h ;n11d 
Il~ecausr of these oppo~.tuaitjcs ant1 that of 
bcinq able to plxrsae post-graduate xvorlc 
for  a hiyhrr c l e ~ ~ e e ,  it has been dcmon-
stratetl that :z higher. typc of rescarcli 
chemist can be ohtaintld by t l ~ c  i~lsti tute 
for a certain rcmnneriltion than can he 
generally securer1 hy n~annfae tn~ers .  

l ' l~erc is a scarcity of men gifted with 
tl1c genius for research, and i t  requircs 
innch cxl)eric~ncc in selecting s ~ ~ i t a b l e  men 
and in training thcrn to t hc (tesirable clegr~he 
of efiicieney, aftcr having tlctcrmined the 
specGal cy~nlities rcq-rrircd. Important qunl- 
ifications in irr(Iustu.in1 reseilrches are lceeli- 
ness, inspiration and con6dence ; these alee 
often unconsiderecl hy manufacturers, who, 
in en~l~avor ing  lo sclect a rcse:trch chemist, 
are likely to regard eveq- ehelnist as a 
clunlificrl scientific scont. 

All researches eondilcted a t  The J4cllon 
Institute arc snrroui~clril will) the necessary 
Cecrecy, and any anti all tiihcoveries made 
hy thc fellow rlur.ing the term of his fellow- 
ship hcc~ome tlle pr-opcrty of the donor.. 

Z t  is 1~cl1 saitl in the Rrpol-1s of the 
Twrlftll (Ycnsns of the. TJnilecJ Slate5 thilt 
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probably no seience has done so lnuch as chemis-
try in revealing the hidden possibilities of the 
a astes and by-products in manufactures. 

This science has been t l ~ e  most fruitful  agent 
in the conversion of the ref use of ~n'anuf acturing 
operations into products of industrial value. . . . 
Chemistry is the intelligence depaltrnent of in-
dustry. 

Yet we are often uninformed concerning 
the character and amount of the by-products 
going to waste in our immediate neighbor- 
hoods, a careful study of which might lead 
not only to financial reward for the manu- 
facturer as well as for ourselves, but might 
also prevent much of the present pollution 
of our streams and of the air we breathe. 

I t  is not only very desirable, but will 
soon become really necessary for manufac- 
turers to wail  themselves more freely of the 
assistance of the experts in universities, 
technical schools and scientific institutes. 

TISE FUTURE OP RESEARCR IN CANADA 

With a strong and prosperous nation to 
the south, expert in manufacturing opera- 
tions and constantly endeavoring seriously 
to gain markets for its surplus production, 
Canada has developed less rapidly from an 
industrial viewpoint than if she occupied 
a more isolated position geographically. 
European and American products have 
long been familiar to the Canadian people, 
and thc manufacturers of the Dominion 
have had an arduous struggle in establish- 
ing their wares. But this time is past. 
Since 1910, all over Canada, new factories 
have been erected, new products are being 
manufactured, and new plans for the fu- 
ture are being considered. 

JVith her diversified and abundant min- 
eral resources, her extensive forests and 
her great power sources, Canada has in- 
deed wonderful industrial prospects. 
Noteworthily helpful worl; in the open-
ing-up of vario~zs fields has been done by 
your Department of Mines, whose distin- 

guished division Directors, Dr. fZugene 
EIaanel, of the Mines Branch, and Dr. R. 
W. Brocli, of the Geological Survey, have 
been pioneers in your industrial develop- 
ment; but as your mineral, wood and 
water-power wealth become more and 
more apparent, just so much more will the 
need for anti value of inchstrial research 
become apparelit to your manufacturers. 
As in other countries, chemistry will be the 
pathfinder. 

Canada is but at  the adolescent period 
in her industrial life. Pour patriotism 
need not therefore be shocked by appar- 
ently 

Nourishiilg 	a youth sublime 
With the fairy tales of science. 

Many of the natural secrets of your vast 
country have been gained, laboriously 
wrought for, but rich rewards await your 
coming generations who inherit the knowl- 
edge gained by an awalrened conscience of 
research. RAYMONDF. BACON 

UNIVERSITY PITTSBURGHOF 

OCEANOGBBPZIC CBUISE OP T H E  U. 8. 

BUBEAU O P  FISITEBIES SCHOONEB 


"G128&1PUS," J U L Y  AND AU-

GUST, 1914 


DTJRINCthe past summer the fisheries 
schooller G r a m p u s  has continued the oceano-
graphic work of 1912 ancl 1913: in my chargt?, 
with Mr. MT. W. Welsh as assistant. The gen-
eral problem laid out for the G r a m p u s  cruiscs 
of the past three years has been the study of 
currents, salinities, te~nperatures and plankton 
of the, coastal wntcrs O R  our eastern seaboard. 
I n  3012 the worli was confined to the Gulf of 
AIainc; in 1013 i t  extended over the whole 

11%.B. Bigelow, "Oceanographic Cruises of the 
IT. S. Fisheries Scl~ooner Grampus, 1912-13, " 
SCIENCE,N. S ,  Vol. 38, No. 982, pp. 599-601, Oc-
tober 24, 1913; "Exploiatione in the Cnlf of 
bT:tirre, Ju ly  and Augu~st,1912, by the U. 8. Fish-
eries Scliooner Grczmpzcs. Oceanography and 
Notes on the Plankton," Bull. M. C. Z., Vol. 58, 
pp. 31-147, 9 pls., 1914. 


