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CHAPTER I
INTRODUCTION

Industrial research is probably the most effective
mechanism ever devised by man to improve his standard of
1iving. As C. E. ¥Wilson, President of General Fleectrile,
sald in an address a short while ago,

If 1t were mnot for industrial research we would

not be here - literally. I know of nothing so

characteristic of the pattern of American eco~
nomic growth, or so compelling in its results -

on eompetition, on progress, on ourlwhole

national 1ife - as thls ome factor.

These words illustrate the role that research plays in the
econonmy of the country today, and it is partly through its
aids to managerial techniques and problems that research has
achleved this position of importance.

The industrial group in the United States that re-
quires the greatest emphasis on research is that of the chem-
ical and proceas industries. This group not only utilizes
research 28 & means of developing new products but requires
its services in order to maintain its competitive position
within the industry 1tself. Thls 1s well demonstrated by
the fact ‘that 60% of the sales of the E. I. DuPont De Nemours
and Company in 1948 consisted of products that were not in
commercial production in 1928,2 end thet 20,000 employees of
another company were engaged in the manufeeture of products
l. Publie Utllities, Dec. 4, 1947

2. Trends in Industrial Research by Dr. Weldlein, Director,
Mellon Inst.




that were not in ecommereial production in 1936.1 No similar
examples of the direct results of research on the industrial
scene can be glven by any other industry.

One of the most 4ifflgult jobs that has faeced the
sclentific leaders of this industry 1s to convince the rest
of Industry, or at least Barge portions of 1t, that research
pays 1n the long run and that new knowledge is the apring-
board from which is launched the future progress of the
nation. Although this study attemrts to show only a few of
the many advences made in the chemical industry through re-
search, and their direet relationship to managerial problems,
it willl be another step towards meking its importence a uni-
versally proven and recognized fact.

1. Standard & Poor's Industrial Surveys, Chemicals, May 5, ‘49




CHAPTER 1IIX
ROLE OF RESEARCH

‘Past eenturies have brought many developements
end ideas from the imeginative mind of the inventor. In the
period before the turn of the century he had one of a number
of reasons for pursuing his quest of the unknown: with some
it vas a gsearch for a specific result, as 1ln the case of
Charlea Goddje;rhand vuleoanized rubber; with others 1t wes
just & desire to perform or apply certain knowledge or in-
formatlon, exemplified by James att and the steam engine;
while with a2 small minority invention was pursued as & means
of meking & fortune, &s in the case of Ellas Howe and the
sewins machine.”

The anproach of the twentieth century sew & change
in the size of the industial enterprise. The processes for
production grew larger, =8 did alsos the companies and trusts
that were fed by the increasing profits. This was reflected
in the opportunities for the inventor by requiring him to
have much more ¢omplete and diversified equipment at his dis-
posal, both for producing his inventions end for testing them,
before he would dere and offer them o Ilndusiry as o proven
article. He was therefore slowly forced out of the pleture
unless he eould find o Leneflclent financler willing and
able to support and further his lnventive genlus. It was
during this time that Thomes A. Edison brought about hias

1. Seientific American, January 1945



revolutionary change in the capabillties and usefulness of
the individual inventor. In carrying on his numerous inves-
tizations involving eleetric light, the phonograph, and the
motion pleture, he found that uhen&nr he uncovered a fact
in any one of these new fields it was jJjust as though he was
opening a front door to a whole house of facts. All of these
unopened doors foreibly impressed upon him the limitations
of individusl investigations and he therefore concelved the
ldea of hiring assistents skilled in ome of the various
fields of research to open these doors for him and to ex-
plore beyond. Industrial reasarch was born of this revo-
lution.t

This very enthusiastic start in research on the
American industrial scene was, however, short lived and did
not attract the minds or the momey of entrepreneurs until it
was foreed upon them forty years later. At the time of World
War I there were only two well eatablished research labore=-
tories in the United States, both of which represented flelds
in whiech America had always been, and stlll is, ahead of the
other technleally minded nations, namely electric lighting
and telephony as represented by the General Electric Company
and Yestern Eleetric Company respectively. The first world
War awoke the American publie to the realization that thelr
wealth he.d come largely from the soll as contrasted with
that of Germany which had derived 1ts wealth mainly from its

1. 1Ibia
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utilization of breins, or the success in developing wealth
from intellectual sources. America lead the world in wheat,
eotton, and erops in general; steel, copper, and most other
metals} coal, oll, and other produects from the earth.
Gérmany's industrial leadership, on the contrary, was based
for the greater part on secientific and technical achlevement.
Germany had a practical monopoly in dyes, optleal glass,
potash, drugs, chemical reagents, and many special alloys
and metals like mlsnul.m.l
The emergency of the first World War finally made
the country realize that its shortoomings in the field of
industrial research would seriously hamper its chances of
bringing the confliet in Europe to a speedy end in favor of
the Allles. To remedy this situation in the shortest poss-
ible time all men and women 1n thn' Un:ltod States with the
bagkground and aptitude for research were pressed into secien-
tific service before the time of the Armistice in 1918.
The record of this research, drummed up at such short notiece,
is really remarkable. Although the Germans had made the
statenent that the United States could not manufacture aniline,
due to the fagt that the benzene from Amerlean coal was not
the right grade, this country was producing 37 million pounds
of aniline per year by 1917. In addition to this no small
achievenment, potash was produged for the first time, sul-
vhurle acld wes manufactured by the contact method without

1. Research and the Publie¢ by L. A. Hawikins




the need of bulky lead chambers, optlcal glass was
manufectured, and many chemicals, including photographle
vhich hed previously been bought from Germany, were syn-
thesized for the first time in this country.l

American industry was thus finally given the
proof that its sclentists could acﬁiove such & surprising
standard of success when called upon %o do so. This re-
sulted in increasing emphesis belng placed on the estab-
lishment of research centers for induatry, so that by 1920
there were over 300 laboratories engaged in industriel re-
gsearch employing about 9,000 full time research workera .®
This was the foundation of our research program as it
exlists today in the larger corporations and industries,
though the smaller companies are finding out that even in
their own limited flelds there is conslderable room for re-
search. No more need be said in thiz regard than to give
a comparison of expenditures for research, and total number
of employées, during two periods twenty years apart. Ex-
penditure on research rose from §217 milllon in 1927 to
$1,160 million in 1947, while employment rose from 30,000
to 140,000 during the same period.’

Research has by no means only one objective,
namely that of produeing new products. This conception is
as far avay from the truth as if the stadement were made that
1, The Funections of Industrial Research by Dr. E. C. Bain

2. Ivia
3« HFanapement Review, July 1929



the results of research affect management direetly in only
one way, namely the additional profits to be obtained from
the productiocn of the new producte. The relationship be-
tween research aﬁd maenagement govers very many flelds, as
is well demonstrated by a referrence to competition as it
‘exists in the chemical end process industries. In the
typleal industry, normel competition 1s between essentially
similar products on a price, cuality, and service basis.

In the chemical industry, however, four separate competi-
tive phases are distinguishadble, all of which must be given
full support by the efforts of the research department:

a) that between identical products of different companies,
b) that between the same products derived from different
ray materials, ¢) that between the game products made by
gifforent progesses, d) that between different products de-

signed to serve the same purpose.
Nanagement's most important and basie function is

to increase the sales of the product it ls manufacturing.

The life blood of any industry 1s its sales, and these have
to be obtained largely through the medium of overcoming sales
resistance initlally present in the eonsuming public. It is
the functlon of advertising to assist in overeoming this
sales resistance, but nojﬁﬁount of advertising will sell a
produet unless the utility end quality of the article are
demonstrated to the consumer. This appeal will be greatly
enhanced if the artiecle 1s being sold at a price that the
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purchaser can well afford to pay. This may be demonstrated
when a gonsumer purchases soaps for use on the floor(Noetil),
with dishea(Glim), and with fine laundry(lux Flakes), where
the strength and cleansing action of the soap ia compared
and weighed arzainst the price. It 1s due to research that
these numerous differentliated products have been plaged on
the market to aid the consumer im performing the menlal

taska of everyday life at a price he can well afford.

A similer purpose as that mentioned above may be
agceomplished by the research department improving the pro=-
ducts on the market, either in appearance, funetion, or the
variety of its uses., Though botﬁ the methoda mentioned
thus far will increase sales considerably, there 1s nothing
that aghleved the same results as those obtained from putting
a completely mew produet on the market. If a product is
really new, has specifie properties and uses, and 1s priced
right, it will sell on any market, buyers or asellers.

Du Pont's newest plastie demomstrates this point exceedingly
well, in that this plastie, Teflon, ls completely resistant
to 2ll ghemical action, exeept that of molten alkall metals,
and dus to these unique properties has caused a considerable
stir in the fleld of coatings and contalners. Although the
product is at the present time only being produced in pllod
plant gquantities numercus companies have asked permisaion

to use Teflon in the lining of tank gars and other contaliners




14

for the trensportation of chemioala.l

The three methods mentioned thus far for lmproving
the sales of a company are all directly connected with the
industrial research laboratory from where the origpinal ideas
and products come, and it is up to manasement to utllize
these capablilities of the research laboratory to the utmost
in its efforta to increase sales and keep the compeny ahead
of 1t; competitors.

While industrial research is occupied in the work
of increasing sales 1in one of the various methods mentioned
above, some of the research workers may be conducting exper-
iments in their search for a specific new substence and come
across a by-produet which is outside the scope or purpose
of the study itself, and therefore overlook it for the time
being. Very often further study and analysis of these by~
products result eilther in their application to verious other
industrial processes or their production as an important
produet on their own merits 1f direot uses can be found for
the material thus produced, Another form of by-product re-
search is concerned with the study and analyasis of products
that are already being manufasctured in the plant as a by=-
produet of the main function of the company. These products
are either wasted entirely and eliminated by expensive waste-
disposal aystems, or are ﬁaakagod and sold for some minor

use at a price that barely covers the cost of the packaging

1. See page 100
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materials. Many chemical industries have made millions of
dollars by turning this type of by-product to use, similar
to the usage of 211 parts of the animals in the meat-packing
induatry, a faet that has saved it from operating in the red.

Although the problem of management - labor rela-
tions 1s usually discussed in terms of wages, hours, and
working conditions, menagerent has & direct responsibllity
to labor in supporting the research of new products, products
that have started completely new industries and employed
thousands of workera. This 1s especilally true in the field
of the chenmleal and process industries where new products
in the form of plastiecs, synthetie flbers, and many other
chemicals are being placed on the market continually. Thus,
by its support and guldance of new research ldeas, management
has given lebor an entirely new source of employment. The
chemiecal industry is reputably that with the largest value
of assets per worker and 1t is due to the production studies
of research laboratorles that this has been made possible,
and given to the workers some of the higheat wage rates in
all industry and employee relations which stend out as an
example to most other industries in America.

The past few years have heard recurring ories to
the effect that the country's natural resources are being
consumed too fast. The réaoarch laboratory in the chemical
industry has done much to prevent this occurrence or at least

postpone the time when these resources will no longer be here.

This has been achieved in part by research on wood preser-
vatives that have made 1t more valuable to the construction
industry, after sultable trestment, than it was before and
thus has tapered off the demand for fresh cut wood; by re-
seargch on the methods of manufacturing synthetic fertlilizers
to toke the plagce of that which has been removed from the

e - = B - Y & - . - - - - & - - e




This has been achleved in part by research on wood preser-
vatives that have made it more valuable to the construction
industry, after suiteble treatment, than it was before and
thus has tapered off the demand for fresh cut woodj by re-
seargh on the methods of manufacturing synthetic fertilizers
to take the plage of that which has been removed from the
soll; and by many similar projects in the fleld of the fuels,
1.6+, coal, oil, and gas. Not only have substitutes been
found for very many natursl resources but at the present
time every part of nature's gontribution to menkind is util-
ized Tor the latter's benefit, as witness the press-wood in-
dustry(Masonite), and the manufscture of chemicals from the
saw dust left-overs in the saw mills, especlally in the
Pagific northwest. In this and many other ways rescarch is
protecting the raw materials from which management hopes to
continue to furnish the consuming public with products for
many years to come. If this does not preclude a very con=-
centrated effort on the part of management to support and
understand the purpose of research, it has lost a lerge’part
of its initiative and foresight.

The last phase of researgch to be covered within
the following chapters, and onme that has only existed for
the past few years, is the conversion of war research. By
this is meant the research entalled in converting the dis-
coveries of the war and for the war effort into useful and

practical applications for American industry and the consumer.
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Much research was done under the pressure of war that would
have taken many years to have been discovered during a lime
of peace, and many of these discoveries have great utility
in some other form which makes them adaptable tc peagce time
uses and recuirements. This unlimited source of information
and 1deas 1s belng tapped at present for the benefit of the
consuvmer in the form of a better way of 1life, and for the
benefit of menagement in the form of the new products 1t 1is
eontinually seeking to plage on the market,



CHAPTER III
LOWER PRICES THROUGH TECHNOLOGY

The previous chapter gave & short summary of the
remainder of this thesis, and in the discussion of the various
types and purposes of research it mentioned the three stage
process of ald to advertising in order to overcome sales
resistance. In their correct order they cre lower prices,
better quality, and new products, and this chapter wlll be
devoted to the elaboration of the first mentioned - lower
prices.

The Inited 3tates has always prided itself on the
fact that its standard of living is the highest in the world.
This can in no way be denled and one of the fundamental reasons
for this situation is the faect that the American manufacturer
has always maede an attempt to lower the prices of his goods
in order to bring them within the reach of a2 larger number
of people. Yhether this be in the production of automobiles,
electricity or textile fabries, the reault has always been
the same - greater consumption by an ever increasing number
of consumers giving them greater earning capaclity as workers
end buying capacity as consumers, This in itself hes helped
raise the standard of living and bring to the Ameriecan people
some artieles which elsevhere are considered a luxuvry. This
story of lowered prices ocan well be illustrated by following
the courae of one industry, that of the synthetic cellulose

textile fiber, rayon, in its various evolutions, expansions,
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and improvements during the forty years that it has been in
existance in the United States. IHere, therefore, as an ex-
ample of the Amerilean philosophy of bringing goods within
the reach of everyome, is the story of rayon.

A. Rayon - History and Developementl

As a eommercial textile fiber rayon has only been
produced in this country since 1911 at which time the American
Viscose Corporation opened up its first plant at Mareus Hook,
Pennsylvanie. Due to the faet that this Corporation has
been intimately connected with every edvance made in the
field of rayon technology till the preaent time, 1its story
is being used es & "asis for the story of reyon as it con-
cerns the United States.

The desire for a man-mede fiber which he could con-
trol and produce as he pleased was first put into words three
hundred years ago in the "Mierogrephia® of Robert Hooke, an
English naturalist. In his diary in 1664 Hooke wrote:

And I heve thought there might be a way found

to make an artificiasl glutinous composition

much resembling, if not full as good, nay

better, than any existing fiber. This hint

may, I hope, give some ingenous, inquisitive

person an occasion for making some trials,

Almost & hundred years later, Rene de Reamur, a
French sclentist, while studying inseects and the Tlbers they
make in spinning webs or coeoons, also came to the conclusion

that man could make & fiber out of gum or resin. This was

1. American Viscose Corporation Pamphlets (See Bibliography)
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in 1742, but these men wrote before their time. Chemistry
wes not as yet far enough sdvaiced to make their dreams
realities. The mar made fiber which 1s known today as rayon
had to walt 2 hundred more year;&géforo gclence was ready
with the techinicues of production.

There had been some research on artificial fibers
since the middle of the nineteenth century, but 1t had not
resulted in eonspicuous succéess until the search was stim-
ulated by the neéd for carbonized filaments f-r Edis-n's
great invention, the electrilic lamp.

As early as 1855 the first patent for meking arti-
ficlal fiber had been grented to Audemars, a 3wiss chemist.
From observing inseects, he knew that liquid cellulose was
the material they used in spinmning their cceoons. He treated
the inner bark of the mulberry tree with nitric acid and sul-
phuriec aeid to nroduce cellulose nitrate (which had been
knovn since 1846 and is still used as guncotion in high ex-
Wlﬁﬂi?‘h}ol This he dissolved in alcohol and ether. However,
instead of foreinsg the liguid cellulose through fine holes
es inseects dn, Audemars tried to form filaments by dipning
needles into the solution and drawlng them out 1nta“a thread.
There was a great many difficulties in the way of tﬁia pro=-
cedure and Audemars' process was not succesaful in producing
& fiber of sny e-mmercial value,

After the inventlion of the electric light a search

was inatituted for o eceliulose fiber tn be carbonized into

]
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filaments. Among those who led the hunt was Sir Joseph
Y. Swan to vhom goes the honor or produecing in 1880 the
first men-made fiber,

Swan began vhere Audemars left off. He, too,
prepared & solution of ecellulose nitrate, but instead of
using neddles as Audemars had done he had the insenious
idea of foreing the solution through tiny holes into a
hardening bath to produce a fiber or yarn. He succeeded
in meking & long, unbroken thread and thus had invented the
firat practical method of spinning out a Tiber - using the
very Tirat spinneret, the forerunner of the spinneret still
used today. After treating the fiber thus produced with
ammonium sulphide to remove the nitrate it was ready to be
carbonized to form fllaments. 3wan's maln intéreat, however,
vas in lamps and he did not exploit the textile feature of
the new flber he had produced.

The man who first produged this new yarn on a
commercial scale and became "the father of the rayon industry”
was Count Hilalre de Chardonnet of France. Chardonnet became
interested in making artificlal fibers as a student of the
great scientist Pasteur, and under his training he approached
the problem in a systematle manner. He worked almost twenty
nine yeers to develop hils process, drawing on the knowledge
aceumulated by other scientists of three centuries. He ob-
tained his first patent in 1884 based on the work of Audemars
and Swan, and five years later was exhibiting fabries of



chemiecally treated yarn in Paris. By 1891 he had built

a plent £or the regular nroduction of yarn by the cellulose
nitrate process, and fimally after tw»o hundred yrars an 1dea
had become nan industry.

Seientists other than 3wan and Chardonnet were
workine on the problem of manemade flber. One of the results
nf thelr research was the use of & copper gmmonium solution
for dissolvins cellulose. Like the nitrs-oéllulose method
this »oroecess, although dise~vered by Schweitzer in 1857,
languished wmtil the need for electrie lamp Tilamentas became
imperetive. By 1900 a succession of experiments by “eston,
1. B. Despaigais, Fremary Urban, and Bronnert had made the
cuprammonium progess & commerclal success.

‘ The most widely used commereial method for the
nroductlon of rayon was discovered by two Enzglish chemists,
Cherles ¥, Cross and E. J, Bevan. %Yorklng together they dis-
covered that cellulose, when treated with disulphide »f
earbon in the presence of caustic soda, was converted into
a8 polden yellow nlastic commound which was soluble in water.
A solution of this‘n]aatio waa of such viscoslity that the
name "viscose" was giver to i1t. These tws men were the
foundera of the Viscose DNevelopement Company which almost
immediately bagen to make use of the molding propertles of
their invention. 3oon viscose was beins used in many Aiff-
erent forms and wayse. In solution it was a finish for linens,

curtzin febries =rd paper. As & solid 1t formed doosr handles,



doll heads end valve wheels. But its real future was in
the fleld of textiles.

Before viscose's promise &8 & new textlle yarn
could be realized, methods of menufacturing it had to be
worked out. Agelng orltho solution was found to produce
better yarn. The spinning box was invented from the original
needle vsed by 3ir Joseph Swen., Only then did investment
capltal take up this new potentlal glant among textile
fibers. As a result, production of rayon on a ecommercial
scale by the viscose method spread rapidly, leaped the At-
lantic to the United States where 1t flourished. Today only
one other method i1s widely used in the !nited States for
making rayon and the developement of that 1s given below.

In 1894, two years after they discovered the vis-
cose process, Cross and Bevan secured a patent for the making
of Tilaments of cellulose agetate. Thelr process entailed
the steepirg of cellulose in acetic acid and acetic anhydride
to form ¢ellulose acetate. This formed & thick, water-white
liquid whi&h when hydrolized becomes soluble in acetone.

It was then precipnlitated in cold water as fine flakea, although
when dehydirated and dissolved in acetone, it produced & liguid
which soagulated in an acid bath.

The first suveceasful textile application of this
method was wade in the mited 3tates. Dr. Arthur D. little
of Boston, who had been kept informed of the English exper-
iments by Cross and “evan, prepared cellulose agetate in



f1lms of econsiderable thickness. In partnershlp with
Dr. ¥William H. Walker and Harry 3. Mork, Dr. Little was
‘soon using the new cellulose compound for electrical wire
insulation. In 1902 this group was granted a patent for
spinning of textile yarn. This faa the first patent on a
menufactured fiber in the United States, and led to the
worldia first uuﬁocasrul manufacture of acetate rayon.

In 1914 a system of air coagulation of the acetate
solution was developed, and the acetate method was well on
its way as an integral part of the rayon industry.

The first company formed in the Inited Statel‘to
use the Cross-Bevan process of making yarns from viscose was
the American Viaoosi Ovmpamf, founded in 1893, and in no way
conriected with the present Amerigan Viagcse Corporation. It
was formed by the before mentioned Dr. 1Little, but confined
itself to solution sheets and molded forme of viscose and
did not attempt to spin filaments from the new material.
Lack of definite commercial objectives led to the abandonment
of the venture. |

The second company was the Cellulose Products Company,
formed in 1900 by D. . 3pruvance of Philadelphia and Willard
Sauvlsbury of Wilmington, with Dr. Little as chemical direstor.
The #rganization devoted most of its efforts to films, solids,
sizling and viscose printing of tex'iles, but it did make some
attempts to spin yarn. Within & year the Company had exhausted
its funds and the backers decided to await the developement of

the process abroad before continuing operations.



Another enterprigse, the Ceneral Artificial Silk
Mills, wes formed in 1901 and managed to produce several
hundred pourds of yarn & day but the yarn was of such uneven
quality that the organization was disbanded.

Meantime the British had been successful with
their attempts to spin rayon yarn. Some of thelr product
was imported into the United States where 1t found & ready
market as material for brailds, millinery trimming, hosiery,
and for decorative effecta in woolen goods.

In 1910, Samuel Salvage, & young English yarn mer-
chant who had been in the United 3tates for some years, saw
that the time was ripe to begin full scale production of
rayon in this country. There was & walting market and the
neceasary technigues had been developed. 3Salvage persuaded
the English textlile firm of Samuel Courtauld and Company to
form the American Viscose Company, now known as the Ameriean
Viscose Corporation, and to build a plant here in the United
States. This plant ﬂll-to be the first commercial success
in the production of rayon in the United States.

A tract of land in Marcus Hook, Pennaylvania, wes
the sight Tor the first plant of the new company, and although
the townspeople were skeptical of its prospects, recalling
the fallure of similar projects, they found that the founders
had planned well. In its first full year after construetion,
the Company turned out 362,544 pounds of yarn, a sensational
output at that time. But this was only the beginning, and



soon the infant industry was turning out milliomns of pounds
of yarn in an effort to keep pace with the demand for its
product.

For the first ten years, the Company pionecred
alone in the establishment of the new fiber in the textile
industry of the United States. This meant not only econstant
research and improvement in manufacturing the yarn, but also
the adaption of knitting, weaving, and processing machinery
to the use of rayon. Textile mills and machinery concerns
with a vision of the future possibilities of the new fiber
and with patience for its eariy faults and difficulties, de-
veloped winding machines, looma, knitiing machines and dyeing
processes, until their products became increasingly accep-
table and attrective to the publie.

After 1920 other companies entered the industry.
Within five years there were eight and in 1935, the number
hed reached eighteen. Today there are fifteen producers in
the field, with the Ameriean Viscose Corporsotion producing
approximately one~third of the total amount of rayon manufac-
tured in this country. The next seven comranles in the order
of thelr poundage output are Celanese, du Pont, Eastman
Kodak, Industrial Rayon, American Enka, North Amerlecan Rayon,
and Amerilcan Bemberg.

By 1924 rayon had made & distinct place for itself.
It had properties and uses different from those of other
fivers and produced fabries that could not be produced in



any other way. The old term "artificial silk" was no longer
adequate and it was ge erally recognized that a new name was
needed. The National Retall Dry Goods Assoclation appointed
a committee to select an appropriate name and chose the word
"rayon".

The early use of rayon was limited to bright showy
fabrics because it was produoggi{n a high luster. In 1926
after years of painstaking research the Amerlcan Viscose
Corporation produced the first dull viscose yarn and immed-
lately new fields were opén to rayon., 3Several methods for
produeing dvll rayon are now used and the result is a varlety
of degrees »f luster ranging from satins through every type
of surface brilliance to the dull-finished braadeloths and
georgettes.

Rayon yarn had been steadily improved by the pro=-
dugers until 1t eould pass perfectly through the various
machine processes and produce fabriecs with durablility as well
as beauty. In 1927 another great improvement was made with
the discovery that visccose rayon could be given a high twist
and made into crepe yarna. This immovation opened up the
large fleld of crepe fabries to the new Tiber.

In the same year rayon orepes first made thelr
appearance, high-tenacity or high-stength rayon y&rns were
introduced. Their manufacture was made possible to a large
extent by & special method of spinning developed by the °

American Viscose Corporation. In this method, the rayon yarm



is streched during spinning, resulting in a very marked in-
crease in its strength, extending rayon's field of usefulness
and giving striking proof of ita versatility and service-
ability. These higher strength yarns have made possible the
ereation of entirely new fabries, as well as improvement in
quality of existing fabries.

Ordinerily rayon is produged as a continuous file
ament, but it may also be produced in fibers of short lengths.
Unti1l rayon was manufactured in these shorter lengths it
could not be used for & whole range of woolen and worsted=
type fabries such as e¢overts, gebardines, flannels and tweeds.
Production of rayon staple in this country commenced early
in the thirties. BSoon both viscose and acetate ataple were
available in a wide range of lusters, fllament sizes and
staple lengths, meking 1t posslblc to veave rnyan into fabe
ries of an qv,raordinnrg'diversiried usefulness, Rayon
staple 1s manufactured in the same way as [1lament rayon
except the rilamohta. after they leave the spinneret, are cut
to definite lengths needed for different types of cloth.

In 1936 when tire manufacturers were looking for
a cord material which could withatand the punishment of ger-
vice in tires, research workers of the Ameriecan Viscose Core
poration econtributed materially to developement of a special
type of rayon fiber for the purpose. Tires made from thia
fiber have proved to be better able to withstand shobk and

resist blowouts. 3inece they rumn cooler, the rubber and tire



deterioration is minimized and the tires last longer. Rayon
cords make 1t poasiblé to use less rubber in the tire wall

at the same time creating a stronger, and lighter-welght,

tire. It has been estimated that for every 1,000 pounds of
extra strength rayon yarn used, there is a saving of 670 pounds
of rubber, which, needless to say, served this country well
during the war years end the resulting rubber shortage.

This was the lest of the major process changes and
flelds for the application of rayon, and throughout the de-
velopement of this novel fiber, as was shown in the above
history, the field of applieation was widening as more and
nore conaulorl and 1nduztrios found that the properties of
ruyon uuitad their particular need. It would, therefore, be
well at this point to elaborate on the researeh that has gone
into this product as demonstrated by the American Viscose
Corporation. f

The Amefioan Viscose Corporection earries on four
oloaély inter-related research programs, The first 1s
product research, which concerns itself with the developement
of better fibers and newer and better methods of production.
The Standards Department, a division of this program, checks
on the entire output of the Corporation plants, making sure
that all products meet uniform standards of quality and per-
formance.

The second reséarch department concerns itself
with Tabric developement, working with all availadble fibers,



formulating them into new yarns and fabrics that utilize the
unique characteristies of reyon. Bulilding the structure or
fabrie from the Febrie Developement Department's designs 1s
one of the functions of the Textlile Research Department
which ia the third of the four-pronged research program.

The Textile Research Department is the only organ-
ization of its kind in the world, 1Its work is primerily re-
search on new developements; that is, new technigues, new
machinery, new fabries, new fibers for new uses, and new
uses for existing fibers. Also it constantly checks the
Company's products for direct information on how the atock
performs as the customers use it. It serves as & training
school for key men in the Company, and as an authoritative
source of information for the entire industry. It performs
a direct service for users of rayon by helping them in the
solution of their production problems. To do this work, the
Department 1s equipped with commereial size machinery for
practically every operation in the textile industry. Here
under one roof are the elements of six or more full sized
mills. One Tor cotton aystem spinning, one for warping and
weaving, one for knitting and one for dyeing and finishing.

The fourth and by no means least of the reasearch
departments is that concernmed with the developement of fin-

1ghes. This depertment provides technical asslstance 1in the
fields of dyeing, finishing, and printing. It also msinxplnl
an extensive research program in the interest of developling



improved test methods for rayon fabries.
B. Rayon - Stabilizing Influence in the Textile Industry™
The history and develppement of the rayon industry
in this country has shown that through extensive research
progrems the fleld of apﬁliaatinn of this relatively new
fiber has continuously been expanded. This same research
program has not only brought rayon in its many forms and
ugses into the hands of thousands of the consumers in this
eountry but has also managed to produce & textile fiber
vhich, because of ita relative price stabillity in contrast
to the price fluctuations of the natural fibers, has im-
measurably ut.roﬁgt.hpnod the textile industry by minimizing
the fasctor of inventory risk. Not only has this price been
relatively stable, but during the greater -part. of its forty
year history in the United States it has been steadily de-
ereasing. During and since the war the price of raw mater- |
ials and labor hes increased to such an extent that there
was no way of avolding having these increased costs reflegted
in the price of rayon. However, even this price increase
has been considerably less, proportionately, than price in-
ereases in the other textile fibers such as cotton and wool,
The tabulation of monthly averages in cents per
pound of the major textile fibers as listed on the following
page tells 1ts own story. However, the enormous increase

l. American Visc-se Corporation pamnhlets; Memorandum on
the Rayon Industry by Morgan 3teanley and Company.



TABLE I
COTTON, RAYON, WOOL A'D SIILK RICES

MONTHLY AVERAGES IN CENT3 PER POUND

ted Years)
. Tiisay - Wil  Wesi itk
ggi}ﬂ !a.rnn. Flber
1914  N.A. 195 (a) 61 369
1920 N.A. 460 (2) 166 908
1925 NeAs 208 (a) 139 657
1930  N.A. 106 60 76 341
1932  N.A. 66 44 47 156
1935  ACs2 5T 34 75 163
1936 373 57 31 92 176
1937  A40.A 62 28 102 186
1938 31.1 52 25 70 169
1939 32.3 52 25 83 an
1940 34.1 53 a5 96 T
1981  A2.7 54 25 109 294
1942 43.7 55 25 119 (b)
1943 49.0 55 24 118 (»)
1944 52,1 55 24 119 (v)
1945  57.8 55 25 118 &)
1946 68.8 56 25 103 679
1947  88.5 67 32 122 455
1948 953 75 36 159 260
19400 78.2 A 36 171 300

N.A. Not avallable

a) Not as yet produced

b) No figures available during the war.
¢

verage prices for first nine montha. Further declines
n price oce towards the end of the year.

Source: Memorandum on the Rayon Industry by Morgan Stanley
and Company '



in priee between 1914 and 1920 requires an explanation. The
patents that were originally taken out in the Unlted States
for the production of rayon by the Cross~Bevan method, as
first dliscovered in England, were golng to expire in 1920
end it was therefore up to the American Viscose Corporation,
the only producer till that time, to teke advantage of its
monopoly, 8o to speak, while it could. And this they did,
with e vengeance, oharging prices for rayon that were as
high as the market could possibly bear. This is illustrated
by the fact that although the prise of produeing & pound of
rayon yarn fell from $1.10 in 1911 to $0.60 in 1920, the cost
of the yarn on the market rose from $1.85 to 34.93 during the
same period of time. (The above pfiotn are ninimum and max-
imum for their respective yeurs.)

During the period of greatest developement in the
rayon Tibers, between 1920 and 1940, the price of the product
declined steadily, and, due to the instability in the price
of natural fibers, the various rayon products were well ahead
in the competition for the market by the end of the war.

This effect was accentuated by the extreme rise in the price
of the natural fibers by the end of 1948 which may be 1llua-
trated by the following example: While viascose fllament yarn
(vhich makes up about 50% of all rayon produn.d) increased

in price to a maximum of 44% over 1ts price of 52¢ im 1939,
cotton prices went up nearly 200% rising from 32.3¢ in 1539
to 95.3¢ in 1948, what this variation in price must do to
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the textile industry oan well be imagined when one considers
that u061 and gcotton are bought by judicious hedging and
that a econsilderable amount of speculative buying enters into
the pleture. In this analysis and table the agetate fiber
and staple ere not included as their price variea little
from that of viacose fibers and the t&xt11§ field is shared
about equally betwern the two types of rayon.

The table of total textile eonsumption in the
United States on the following page demonstrates clearly
the way that rayon has foreed itself into the fidber fleld
in this eountry during tﬂ?tpant ivunty years. Although the
total eonsumption of textile fibers in the United States has
not varied by more than seven percent to elther side of the
average within the last ten pears, that portion of this com-
paratively steble market that has been held by rayon has
been nearly doubled. From a conaumption of 591.8 million
pounds in 1941 or 9,1% of total textile fiber consumption
in that year, rayon has increased to 17.8% of the total fiber
eonsumed with 1,149.4 million pounds in 1948, A similar sit-
vation made & highly favorable impression in comparison to
the trend of business in general during the depression years,
where it is reported that the rayon industry in the years
1932 and 1938 incressed production as compared with 1929 by
11% and 1367 respectively. Up to the middle of the war, vhen
increases in reyon production began to taper off, the rayon
industry had the enviable reputation of having doubled 1ts



Year

1926
1929
1932
1936
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949 a

|

____Cotton

TABLE 2
TOTAL TEXTILE FIBER CONSUMPTION IN THE UNITED 3TATES

IN MILLIONS OF POUNDS
(Selected Years)

Chemical

Fibers

All Others

Wool 311k

Five
Fiver
Total

ILbs.

3,214.8
3,422.7
2,463.3
3,470.0
3,953.6
5,187.3
15,6367
'5,269.0
4,792.4
5,511.3
4,906 .6
A,763.5
%,540.5
1,902.8

87.3
85.5
4.4
81.5
80.9
80.3
81.6

TT7
75.4
Th4
73.1
70.1
72.8

& First six months

Sourcl§

79.8 |

Rnayon
Lba. | '

1.6
343
5.3
7.6
9.9
9.1

60.6
133.4}
155’3i
322.4
482.0
591.8{
620.81 2.0
656.1 2.9
704.8%11.4
769.9 |12.9
875.5 [13.3
987.7 |15.2
1149.4317.8

419.6 '116.0

PO, SRS

Lba.|

5.0
13.0
26,0
39.0
49,0
52,0
560
50.0
74,0

40,0

i

-
-
-

0.1
0.2
0.5
0.6
0.8
0.9
0.8
0.8
1.1

1.5

Memorandum on the Rayon Industry

Company

Lbs. % Lbs.

9.
0.2

7.9

65.6
81.0
70.5
0.5 57.8
8.4 35.8
10.0 23.4
8.9
9.7?
10.1
10.8

11.4

342.7
368.1
930.1}
406.1
407 .9
648.0
616.2
636.2
622.8
645.1
T48.3
708.3 10.9
TO4.T |10.9
249.8 | 9.6

5.0
1.4
0.6
0.5
6.5
2.0
T4
2.2

z Lbs.

3,683.7
2.0 4,005,2
2.4 2,919.2
1.1 4,256.5
0.7 4,884.3
0.4 6,463.5
0.1 6,904,7
6,601.7
6,169.6
5,978.8
0.1 6,592.9
- |6,511.7
0,1 6,476.0
o.j 2,614.4

1.8

by Morgzan Stanley and



produetion every five years since 1925, and the reason for
this ean be found in the large axpenditurgs of the industry
in research to produce better processes and to extend the
fields of applieation of 1ts product.

i This survey of prices and consumption has shown
how the extensive research programs carried out by one in-
dustry - rayon -~ have completely altered the complex¥ion of
e number of related industries. In this case the industries
to be affected the most are those of textile manufecture and
the manufacture of tires:. Tn the textile industry the major
effect has been one of stabilization, although the intro-
duction of reyon s a new textile fiber in itself, and in
gombination with other fibers, has plaged on the market numer-
ous products that are immeasurable in thelr affeet on the
finaneial nosition of the textile industry but have never-
tholon!_given it a much needed boost, The use of rayon in
women's clothing has brought the luxury or silk type dress
to the general publie, and due to the sevings irn cost women
today tend to buy several rayon dreases annually where they
formerly bought only one 8ilk dress. The same may be said
of the rayon being inserted in men's suitings which will give
them the feel and effect of wool while at the same time re-
dueing thelr price to make them avallable to a larger number
of eonsumers than was possible at the exceptionally high
prigea of pure wool., The use of rayon in tires has not only

greatly reduced thelir chance of blowouts, increased thelr




life and general stability under adverse conditions, dut
has also made a conmsiderable dent in thelr price which makes
them more attmotivo to the car owner,

0. Price Reductionsin Other Industria

As the previous analysis concerned itselfl with a
men-made fiber it is well at this point to give the ecompar-
ative prices of another fiber, nylon, which was sctually
the first aynthetic fiber nade. MNylon was introduced to the
publie as a result of the pilot plant operation of a process
28 developed by the du Pont Company in 1938, the result of
an extensive research program on synthetiec polymere. 3inece
that time its properties have been eonsideradly improved and
the fields of epplication have been developed to an extent
that 1% has met with universal acceptance as an outstanding
produet, and 1 being discecussed in greater detail in the
capacity of a substitute produet in the chapter that follows.

Nylon was first shown to the American publie with
eansiderable fanfare in 1938 but at that time the price of
the product was eonsiderably higher than the industries using
it eould afford, as it was only being produced in pilot plant
cuantities. Although no one could refute the exceptional
prépert.ies of this new fiber there was never an absolute need
for nylon, as other fibera fulfilled their vorious purposes
satisfecthorily for thelr usera, and, although these other

fibers misht not lest as long, they were considerably cheapers
Thus 1% was imperative thet the priee of nylon should be




reduced in order to make it availeble to a wider market
of consumers who would use 1t in preference to the other
fibers not only because of nylon's superior qualities,
but also because using nylon would save them money in the
long run. The research department was thus called upon to
improve the manufacturing process being utilized in the
pilot plant in order that the final cost to the consumer
would be reduced, this study being carried on at the same
time as that being oonﬂunﬁod in order to find wider and
newer fields of application for the product: Although the
reduection in the price of rayon, as mentioned in the previous
portion of this chapter, was in part due to intra=-industry
competition due to the faet that there are at least five
ma jor producers competing for the market, this is not the
cagse with nylon. Du Pont 1s still at the present time the
only producer of nylon filament and plasties in this country,
1ts manufacturing methods being protected by numerous patents.
However, it does not enter the Tleld of ccmpetition in con=-
sumer products aa all of 1ts production is sold to intermediate
manufacturers who produce the goods for the consumer and in-
destrial markets and thereby make the competitlon not between
the sourge of the raw material, nylon filament or plastioe,
but between manéifacturing brand nemes.

The price schedule for nylon since it was lirast
produced in a full-scale plaent in 1940 is given on the next
page. It showe a steady decline in the price of nylon all
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TABLE 3
PRICE HISTORIES OF TWO NYLON YARNS

SINCE TRODUCTION STARTED IN 1940
Price in Dollers per Pound

i | 16 Cliemees 13 ehiemist
January 1940 4.27 3.52
October 28 1940 3.95 3.27
June 16 1941 3.65 3.10
June 18 1941 (military use) 3.04 2.58
Jeptember 1 1945 2.75 2.25
February 17 1947 2.55 2.15
September 10 1948 2.70 2.25

Source: Letter from J. M. Gladden, Nylon Division, E. I.
Du Pont De Nemours and Company, of December 15, 1949



the way through and after the war, until in 1948, when

because of rising labor and handling costs, a ralse in price
was neceasary. This reduction in price has been one of
nylon's greatest selling points, a&s, in its downward trend,

it was continually plicking up consumers who were finding

that the additional properties of nylon ﬁere well worth paying
for especially 1f the price was within thelr range of expen-
diture for the artlicle that nylon was substituting for.

A fine example of the reduction of prices by sys-
tematic roaaareﬁ is tasken from the petroleum industry, which,
within the last twenty years ﬁas become the greatest scurce
of intermediates in this country. (An intermediate 1s the
compound that is formed between the initial materiel and the
final produect when referring to the chemical industry.) The
use of petroleum as an intermediate has come about mainly due
to the fagct that 1t 1s a low cost source of & multitude of
organic chemicals vhiqh are the raw materials for other pro-
cesses, and uhﬁoh havé been produced by processes developed
by the intensive research programs of the larger companies
in iho 311 industry, such as 3tandard 011 Company, (N. J.),
Shell and Atlentic. Only these large, completely integrated,
companies have the finances required to back the enormous re-
search projects that have resulted in the developement of
petroleum as a primary intermediate. The products and pro-
ceases resulting from this research have made possible cheaper
raw materials for other manufacturers and have largely re-

placed others produced from different basic raw materials
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both because of advantageous prices end properties.

The most important produect of the pstfolii in-
dustry in so far as the average consumer 1s concerned 1is
gasoline, which has decliped irn price from 30¢ per gallon
in 1920 to less than 15¢ per gallon at the present time
(1950), exelusive of taxes. At the same time 1t should be
realized that the quality of the gasoline has improved con-
siderably, the octane rating rising from 79.7 in 1945 to
one of 86.1 in 1948 for premium motor fuels. The rise over
the same period for regular-grade gasoline was from 69.7 t0
75.2 motor octane rating, and this in only three years.

This increase in octane ratinga of g;aﬁlineswaa called for
largely by the increased requirements of the new automobile
motors which worked on a compression ratio of 7.5 to 1 in
comparison to the pre-war cars that had a 6.5 to 1 ratio.

The percentage gein in economy over the 6.5 to 1 compression -
ratio 1s considerable and will be lergely reflected in a
lower gasoline consumption per distance travelled, another
reduction in cost to the oonaumor.l

Similar results have been obtalned in a large num-
ber of petrochemicals, which, due to the results of the re-
search departments in the field of production processes,
have been produced at prices that are lower and in quantities
that are larger than processes that produced the same final
product with other materiasls than petroleum 28 raw material,

1. Pamphlets of Standard 211 Company (N.J.), and Universal
011 Products Company (3ee Bibliography)



Into this category fall such chemicals as glycerene and
toluene whose production wlll be discussed in greater de-
tail in the next chapter.

A short summary of some other products of the’
chemical and process industries that have had thelr prices
‘8lashed over a period of years 1s given here in order to
ghow that price reductions are not a monopoly of the larger
industries. Aspirin, the most used of all medicines and
product of a large number of manufecturers, has had its
price reduced by 86% between 1924 and 1945. Cellophane, of
which du Pont produces 75% of the imerican consumption, has
fallen in price from $2.65 per pound in 1924, the year in
which it was first manufactured in this country, to 33#£ per
pound in 1945, although since then rising prices have raised
its price to 45¢ per pound. Chile, which had a monopoly on
the world's 1odine supply a number of years ago, charged
the exorbitant rate of #4.00 per pound until such time as
processes were developed in the United States to recover
iodine from oll~well brines which reduced the price of this
very useful chemical to $1.7% per pound this year. In the
ten years before 1945, the price of hydrogen ges fell a
total of 80%. All this shows that products that have hed a
gertain amount of research eonducted on their vproduction

methods, such as cellophane and iodine in particular, can re-
flect this work in lowered prices and therefore a greater
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field of utilization.t

The three major industries that have been given
as examples in this chapter are only a small segment of
those that are reducing the prices of their produets through
technological developement, as in shown by the numbrous
other price reductions occurring in the industry mentioned
in the previous paragraph. This has not only brought a
larger number of consumers into the price range of the ar-
ticle but hes also made possible the increscse in production
of these articles to such an extent that further oproduction
overheads could be spread more evenly and again reflected
in a lowering in the price. Although this procesa cannot
go on indefinitely, 1t can be seen that the reduction of
prices in an industry as a result of research in the pro-
duetion processes has beneflted that industry tremendously
and will in time amply repay the money expended on that re-

search.

l. Secientific American, January 1945.




CHAPTER IV
BETTER MATERIAL3 FOR THE EXPANDING MARKET

Competition as 1t exists in the fleld of manufacturing
in America today has resulted in the producers attempting to
plage on the market ever better products in order to obtain
a lerger share of the eonsumer's spendings. Most manufacturers
are spending large sums of money every year in an effort to
either improve the functioning and quality of products already
on the market or to substitute for them other products made
from different materials or by a different process. Vvhatever
the method used, the final result must not oniy take over the
functions in which the previous produet had been lacking, dbut
must be an oui and out improvement on that produet in every
one of its purposes end funetions,

The chemical and process industries are no different
in thia regard from the other branches of manufacturing, and,
as a matter of faet, have much more competition to deal with
than most, as was explained in some detall in Chepter II.
Unless a chemical company 1s alert and one step shead of 1its
competitors it may find that while 1t had a market for its
goods one day, that market was lo't to a more active compet-
itor the next day. Competition 1s largely in the form of
the research that is being pvlaced at the dlsposgal of the sales
and advertising divisions of a eompany in order that they may
take adventage of all the opportunities avallable to them,



Reaearch to improve the quality of a product is less
specific than that requirod to reduce production costs but
it does have the problem of determining when the product has
been improved enough end work on 1t should terminate. In
eddition to this, estimates as to the value or earnings from
improvements in products are much less specifiec than estim-
ates of gost reduction returns, and this in no little way
hinders management from giving this phase of research free
reigr. The subsequent portions of this chapter indicate the
various methods used by some of this country's larger com-
panies in improving the products on the market, the methods
of manufasturing them, and substituting other and better
products for them.

A. Improving Production and CQuality of Existing Products

The number of products thet have been improved

elther in thelr production methods or the quality of the
final product is almost limitless. An example of this met
with every day is the automobile which has developed from a
rather cumbersome means of transportation in the early twenties
to one of comfort, beauty, and speed. The chemical and pro-
cess industries, however, have by no means let this type of
research pass them by. OConsiderable developement has gone
into the manufagturing of automoblle tires and their ultimate
wearing ospaeity,l into the numerous products now made from

petroleum, into the improvements in natural fibers (as

l. B8See page 60



discuased in Chepter VIII), and in the methods of production
of meny of the strategic chemicals ard metals required in
this oountry.

As mentioned in the previous chapter, petroleum
has become the Toremost intermedieste for the further pro-
duetion of plastics, synthetic fibers, rubber, and chemicals.
"Through the efforts of the oll companies to find added uses
for their bountiful raw material, and at the same time pro-
duce these chemicals at prices that are lower and in quality
that 1s higher than thise »f other producers, they hafo de-
veloped a number of processes that heve completely revolu-
tionized the chemiecal industry. The most recent of these,
and one thet caused the greatest stir, is the production of
glycerine from petroleum as developed by the Shell Development
Company and being produced at the Shell Chemieal Corporagion's
new 38 million plant at Houston, Texas.

1. Fluid Catalytie Oracking.!

Standard 011 Developement Company, an affiliate of
Standard 011 of New Jercey, 1s one of the most progressive
of all the chemical industries' research organizations, and
through 1ts efforts was largely responsible for numerous new
chemicals and processes bein- developed during and for the
war effort of the Allies. One of the foremost and strat-
eglecally most important of these was the developement of a

1. Tamphlets of Standard 011 Developement Company
(See Bibliography)




manufascturing process for 100 cectane gasoline for the Alr
Force, and for obtaining the raw materials for the lynthgtic
rubber industry, 2s produced by the fluld catalytle eracking
process. In order to present, at one polint in this thesis,
e more intimate and aotailedfdoaeription of a major roac;ruh
program for the benefit of the resder, the developement of
this orackin  process by the Standard 0il Devel-pement
Sompany will be presented.

In 1937 a so-ealled "fixed bed" catalytlc cracking
progess was introduced on & commercial scale by two of
Stendard 01l's competitors. Catalytiec eracking produces a
higher octane number gasoline than can be economleally pro-

“duced by thermal cracking which was the method generally used
at the time for converting highor—boiling, or non-gasoline,
petroleun fractions into gasoline.

Crecking 1s a chemical reaction involving the break-
down of larger molecules to smaller molecules. It has been
described as "making little ones out of big ones.” Thermal
cracking uses heat alone to break down the big molecules.

In catalytic eracking, however, & catalyst applied at the
proper temperature la used to cause the moloﬁul&r breakdown,
Compared with thermel eracking, the effect of the catalyst
is to direct the cracking reaction, so that the resulting
meterials will contain more branched-chain molecules such as
isocetane and 1sobutene. Brenched-chain molecules help give

gasocline & higher octane number.



The gasoline market 1s very competitive both on
the basis of quality and price. No oil eompany ean long be
at a dlsadvantage in quality and in menufacturing costs and'
hope to compete. At the time of the "fixed bed" developemint,
2 number of o1l ecompanlies had been carrying out work on various
types of catalytie craeking. _

For obtaining a given octane number of gasoline 1t
is possible, through th§ use of a catalyst, to carry out what
mizht be considered 2 less severe cracking operation. Much
less gas 1s formed. In addition the catalytie process 1ls
entirely operable, whereas with conventional thermal methods
used in 1937, high oectane gasoline esuld not be obtained =~
at lesst not under conditions that could be considered oper-
able ~ due to the formation of eoke in the cracking equipment.

In the catalytic operation, while eoke 1s deposited,
it is deposited on the catalyst - where 1s has the effect of
decreasing catal;tic activity. This is not serious, because
the oatalfat can be regenerated, or freed from the coke by
burning it off the catalyst by air.

There ere two main methods in which a catalytie
eracking operation can be carried out. 1In one, the so-called
"fixed bed" process, the locatlon of the catalyst remains
fixed. 211 is fed to the vessel containing the catalyst for
a period of time. Then the flow of 01l is discontinued, and
the vessel is blown with air to burn the coke off the catalyst.

By using more than one vessel, the oll stream can be maintained




continuously, and each vessel 1s alternated between a
erscking and generatisn operation.

The other method involves moving the catalyat.
In this type of operation the cetalyst flows eontinuously
into o eracking vessel, and then into & regeneration vessel
wvhere the ccke 1s burned off, and then back to the eracking
vessel., 011 to be crecked flows steadlly to the cracking
vessel. Alr for regeneration flows steadlly to the regen~-
eration vessel., The conditions in each vessel are constant
with time. The catalyst itself 1s alternately exposed to
oil vapor for ecracking and to alr for regeneration.

The 3tandard 011 Developement Company began its
work om eatalytic eracking with & fixed bed type of cracking.
After some work on this process 1t was evident that an oper-

ation involving eracking for a while, and then regeneration,

in a single vesasel, had many operating and mechaniesal dis-
advantagea. It was decided to explore a more continuous type
of catalytie cracking, where the catalyst would move from a
eracking zone to a regeneration zone.

The first 1dea wes to suspend a finely ground cate-
alyst in oil vapor for the eraecking operation, and then sus-'
pend the same catalyst in air for regenersation. 3tendard
011's research staff were thinking at the time of a kind of
dust system, which did not involve high concentrations of
catalyst in the oil vapor or alr, sSmall-scele laboratory
and pllot plant work earried out in this method looked quite



50

promising. There were, however, some disadventages to the
operation. They found that, in order to secure time for
contact with the catalyst, eilther for cracking or regen-
eration in vessels of reasonable size, 1t was necessary to
use & moderate-pressure operation.

A large pilot plant was erected to investigate
further this dust type of operation. One of the features
of this operntion was the necessity, at some polnt in the
system, to take the eatalyst from one preasure zone to a
higher pressure zone to overcome the rfiction drop through
the syste;.- In order to convey the eatalyst from the zone
of lower pressure to the zone of higher pressure, the pllot
plant operators and research workers trlied using 2 com-
pression type of serew conveyor, simllar toc the compreassion
sorews that are used to introduce solids into pressure-gon-
veying systems.

The initial operation of the large bilot plant
was reasonably satiafactory. The capacity was not quite as
high as had been expected from smaller pilot plant work, but
nevertheleas the cperation looked promising. In faet,
things were going along quite smoothly when the head »f the
department at Baton Rouge, where the }arzo pilot plant work
wea bein- cerried out, ealled the ho‘d office with bad news.
He sald they were experiencing trouble in circulating the
eatalyst through the unit, beesuse the dust grains seemed
to increase in size. Little balls of catalyst seemed to be



51

forming.

This wes not understandable. The superintendant
was asked to oontinue the operstion and try to discover
Just what did occur. He did and found that actually the
catalyst was tending to build up into small spherical par-
ticles, considerably larger than the original catalyst.
¥ith this background, the Company dug further into the
problem and found, to its surprise, that some makers of
carbon black pellets use a type of screw conveyor to form
carbon black powder into balls. Thus, by asccident, they
were using & similar process to make catalyst balls, which
was not what they wanted.

The 3tandard 711 Developement Company then realized
that they had a fundamental diffieulty, and that it would
not be feasible to use & compression serew to tranafer cate-
alyst from the low-pressure level of the regenerator to the
high-pressure level of the crecking zone. Either & change
in the method or a whole new process was required.

3oma£1mo before this experience the Standerd 011
Developement Company had become interested in the flow prop-
ertlies of finely divided powders suspended in gas. It was
particularly interested in how fast these powders would move
in an up~flowing gas stream, that is their slip veloelity.
Dr. W. K. lewls at Magssachusetts Institute of Technology
was asked to make an investigation of the flow of powders.
He discovered that i1f a gas stream and a powder flow contine

uwously into a vessel, 1t is possible - with the proper




eonditions of velocity and rate of introduction of fresh
powder -~ to bulld up a highly concentrated, turbulent bed

of powder in the vessel. Furthermore - and this was most
importent - the powder in the vessel will be in a fluid
condition, and will asct much like water. In addition 1t

was found that much higher gas veloclities could be used than
would be expected from entrainment considerations based on
Stoke's law. This work showed the Company how to get ad-
equate contact of oll vapor or air with the catalyst, in a
reagonable volume of reaction space. It also eliminated

the need for working &t higher pressures. However, Standard
711 still hed the problem of taking the oatal&nt from a low
pressure zone to a higher pressure zone to overcome the
friction drop in the catalyst circulating system.

Several methods were considered. One idea was to
use lock hoppers but this proved too complicated. Then they
eonceived the idea of producing e hydrcstatio head, by putting
the catalyst in a standpipe and aerating 1t so that the de-
sired increese in presaure would be gererated by the fluld
pressure of the catalyst itself. Those 1n the employ of the
Company with experience in handling solids were afrald that
the desired pressure bulld-up would not be obtalned because
of erching and also thﬁt the pressure would not be steady.
These techniclans decided, however, to go ahead and Tind out.
They erected a standpipe more than 100 feet high, and pro-
vided a way to aerate the catelyst, and take it from the
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bottom of the steandpipe and blow it to the top in a separate
circulating line.

This system gave excellernt pressure bulld-up, plus
high catalyst densities in the standplpe. It was a very
simple type of operation when proper aeration was used.

There was no trouble with rlugging end the pressure was steady.

This gave the tireless workers of the Standard 01l
Developement Company the second part of the fluld ecatalytic
cracking process. The name "fluld" was sdopted because the
catalyst powder was "andled in such a‘w;y that it acted like
a fluid, It i1s of intereat to know that the use of stand-
ripes allows circulation of large quantities of solids. Por
example the rate of catalyst clireculation in a large fluid
catalytic pracking plent may be the equivalent of over a box-
cer of catalyst per minute.

The pllot plant was rapldly modified so that gas
veloeities eould be adjuated to give a dense bed of catalyst
in the reactor and regenerator, and stendpipes cogld be used
to generate preasure for tramsferring catalyst between re-
actor and regeneration zones. The pilot plant, when modified
in this way, gave excellent results from the start. The
feeling was evident that they had developed a simple process
for carrying out catalytie oracking. The Standard 51l Devel-
opement Company immedlately started modifying the designs of
two commerelial-secale eatalytic eracking plants, which they
planned to bulld.




About thia time 1t became evident that there was
to be a war, aéﬁ that there would goon be urgent need for
1ight hydrocarbona such as butylemes and ilscbutene for high
octane afi;tion gasoline. These hydrocarbons were also
required as intermedistes for making the butadiene needed
in synthetic rubber menufecture. Pillot plant work demon-
strated that the Tluid eraeking process could be made to
give high ylelds of the light hydrscarbons needed. Indeed,
it appeared to be the beat progess avallable, i3 a result
of thelr developement work a number o$oll companies decided
to instell fluid catalytiec coracking plants without walting
for a full-seale demonstrntions In faect, thirty two units
wvere in the course of construction before there was any
commercilal-gecale demonatration of the fluid erascking process.
At the same time alkylation plants to make 100 octane aviation
gasoline componenta, and butadiene planta to convert butyleneas
into butadiene were being buil%. Thelr success would depend
on the success of the fluld ecatalytic cracking. At the same
time the rubber industry was bullding synthetiec rubber plants,
whigch would depend on the butadiene plants.

It was evident that a good bit of the success of
the war, as well as the success of an investment of approx-
imately one billion dollars depended on the succesaful op-
eration of the commercial fluild catelytie cracking plants.

The research staff was dolng everything possible to expedite
the pilot plant developement, and to obtain the necessary



55

design data for the commercial unita. All operating
difficulties that could be thought of were investigated.
Research groups pushed themselves to the 1imit to get out
the information. The same 1s true of the engineers who de~
gigned the commereilal plants,

¥hen the first commercial unit went into operation
at Baton Rouge the entire petroleum industry was holding its
breath, As can well be imagined there was a great feeling
of relief, and also & sense o7 accomplishment, when the Tirst
unit operated smoothly from the very beginning.

The fluidized solids method of contacting and
hendling mixtures of gases and sclids developed in conneetion
with the fluid ecatalytie erackins operation represented a
new chemical engineering technique. It is felt that this
technique will have appliecations in many other fields. One
of these is discussed in some detall under the chapter heading
"gomplete Utilization of Materialsa" further alen- in this
thesis, where the process 1s uvsed to produce & wood cake that
utilizes saw-dust weste. Another use of this technicue ia
in the liguefaction of coal and shale as mentioned briefly
in the chapter on "Research and the Natural Resources™.

However, by far the most important aprlication of
the fluidized sollds technique today 1s for the catalytie
eracrting of ail, its original purpsse. Catalytie eracking
offers very reacl advantages over the old thermal erccking

technique, in that 1f provides a much higher octane gasoline,




and in addition gives a higher yield of gasoline on the oil
being ercored. This 1s very important at the present time
due to the increased requirements in oectane rating of the
gasolines to satlisfy the higher compression ratio of the
never automobile motors as desoribed in the previous chapter.
As an example, from & typleal erude through catalytiec
eracking it 1s possible to produce the same volume of light
products such fs gasdline, kerosene and domestiec heating oil
from 16% less crude oll.

2. 3ymthetic Toluene.!

In some respects asynthetisc toluene came & cloase
sec nd to eatalytic eracking in the research projects for
the wer effort, and was also a developement of the Standard
711 Developement Company.

The war brought on the need for large quantities
of toluene for the explosive T.N.T. The demand was much
larger than could be satisfied throush eoal tar operations,
which had been the source of the toluene in the past. Juast
~ prior to the war the sﬁpndaﬂa 011 Developement Company in
eonjunction with M. W, Tellogg Company had studied 2 cat-
alytic operation for converting certaln constituents of pet-
roleum into aromatics, the conversion being carried ocut with
high ylelds. The Army approached the Developement Jompany
to see 1if there were any new possibilities on the production
of synthetic toluene. The newly developed catalytic operation

1, Pamphlets of Standard 011 Developement Company. (See
Bibliography)




for produetion of aromatics was dlscussed with the Army,

and 1ts possibilities for making synthetie toluene were
pointed out. The Army asked that a demonstration lot of
uynthetiﬁ foluene be made up 4o determine 1f the product

wes suitable for nitration. Using improvised equipment,

and with serarate parts of the operation belng carried out
at various locatlionas, it was possible to produce two tank
cars of nitration toluene, which were sent toc the Army on
August 8, 1940. Nitration of this material was entirely
sucgessful, and on Oetober 21, 1940, the Army entered into

2 eontract with the Humble 011l & Refining Company, an affil-
iate of the Jersey group, to erect a large synthetliec toluene
plant. This plant was e¢ompleted in record time, and its
firat shipment went out just one year after the Army signed
the construction contract.

At ita peak, during the war, this plant produced
about 5,000 barrels of aynthetlc toluene per day. Thie one
plant supplied more than one~half the toluene that went in-
to T.W.T. for the United States Armed TForces, and, together
with other compenies usings Standard 0il's process or mod-
ifications of 1t, entirely met added war needs for toluene.
The production of this plant was about four times that of
the whole c¢oal-tar industry which was the main sourece for
toluene in the first World War. In addition, it produced
about 2,600 barrels per day of xylenes, which had various

war uses.



Oone of the most important phascs of this operation
in regard to research was the speed with which the complete
progegs for the production of aynthetle toluene from pet-
roleum was set up. Although 1t no longer takes the accepted
seven years for a product to grow from the test tube to the
tank car stage, a study made by H. B. MeClure of the Carbide
& Carbon Chemicals Division of Union Carbide & Garbon Cor-
poration resulted in the figure of five and & quarter years
as the average developement time for seventeen products
that had been plaged on the market by his Comneny in the
last two years. This shows little progresa over previous
developement timea, and emphasigzes the achlevement of the
standafd 041 Developement Company's research workers the
more in bringinsz thelr synthesis of toluene to fruition in
the space of approximately three years, This demonstrates,
es few other examples ocan, that research in industry can give
management sterling ald at little more than the proverbial
"moment's notice".

Following the end of the war the synthetic toluene
plant was »urchased by Humble and 1s now turning out xylenes,
toluene, and eertain high boiling aromaties. Today 1t is
the largest single produger of aromaties in the world., The
hydroforming process that 1s being used represents a major
step in converting the aromatiecs industry from a coal=-tar
base to 2 netroleum base. large scale production of aromatics

at a central location offers the further posaibility of the
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egonomie i1solation of meny pure aromatic compounds that it
hes not been feasible to make with small production feaecil-
ities at scattered locations.

However one of the greatest advantages to be de-
rived from the conversion of the aromatics industry from a
egoal=tar to & petroleum bsse 1s the Tfasct that the former has
become & very unstable source of chemicals due to the vagaries
of the ccal industrye. The large number of peralyzing coel
strikes sin&e the end of the war have mede coal & poor chem=-
ical intermedlate and & large numbér of Industries are attem-
pting to become independant of this raw material for that
reason and also the fast that 1t is no longer as cheap &n
intermediate in price as it used to be. The production of
aromatics from petroleum has therefore glven management the
opportunity to divest itself from the ever recurring problemns

brought about by John . Lewis and his striking occal miners,

1
2s Synthetic Glycerine.

Since before 1937 the Shell Development Compeny
has been engaged in the creation of a2 new chenical industry
based on allyl compounds derived from petroleum hydrogarbons.
This comprehensive program of basle rescarch, process devel-
openent, prod ot evaluation, and engineering design is
materializing in an integrated serles of chemical plants in-
volving ar investment approximating $12 million.

1. Chemical Engineering, October 1948



A major nbjective in this program was reached in
Sentembar of 1948 with the completion of the world's first
plent Tor the commercial production of synthetie glycerine.
Thus there has been provided a primary industrial source
for en essential chemical which for ecenturies has been availw-
eble only as & hy-produet from the manufacture of socaps and
fatty acids. This process was the result of research by
8hell Developement Company and the plant was built in Houston,
Texas, at an estimated eost of %8 million. Its capacity is
epproximately a fifth of the national prewar output of
glycerine.

Automobll K.

Hevin: seen 1in some detall the methods used to im-
prove the produetion processes of various products from pet-
poleum it 1ia of interest to mentlon &2 product that has been
radically improved, both in its functioning and cheracter-
istiocs, by developement research in the chemical and process
injustries, in this oczse the rubber tire industry.

This product 1s the automoblile tire, which, of all
the numerous produvets that eome to mind, has seen the most
radicel changes take plage in its ecomponenta. This tire now
boasts three radical improvements over the one that was riding

on the highways ten years ago. The first of these was the

1. Pamphlets of Stenderd 011 Developement Sompany end American
Viscose Corporation; Chemical Engineering, October 1948,
April and December 1949, February 1950; Chemical and
Engineering News, Jume 13, 1949.
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introduction of rayon cord into the body of the tires, as
mentioned in the previous chapter. This textlile carcass

of the tire, and not the rubber ~round it, suprorts the

load of the vehlecle and its contents. It prevents the bire
from growing excessively, ballooning out under high intermal air
pressure, or flattening out when sharp road obatmuctions are
met. The rayon eord enables tire walls to be made thinner,
vsing thimner cords or fewer pliess This enables the tire to
run very much cooler, and, although the difference ia seemingly
small, heat 1a the major enemy of the life of the tire, cuts
down mileage enormously ard is the principle cause of tifo
failure. The difference of a few degrees 1s the difference
between esonomy and weste, safety and hazard. The rayon cord,
besides giving longer life and mileage, also inoresses the tire
safety by having & 32f greater resistance to body breaks than
the general averagze of other eords and thereby reduces blow-
outs and makeslit poésible to maintain heavier loads and higher
speeda without seePificing safety.

The introductlion of two separate types of rubber
during the war supnlies the other improvements in the tire of
today, although one of them was & further developement of the
original process. One 1s the manufacture of the first gen-
eral purpose synthetlic rubber, known as GR-3 (Govermment Rubber -
Styrene), and the other 1s tﬁe produetion of Bubtyl rubber,
whieh, although it 1s considerably less elastic than natural
rubber, has the unique advantage over the latter in that it



18 about one-tenth as permeable to alr. The GR-3 being
referred to here, however, is not that produced during

the war to substitute for this country's nstural rubber
importa, but an fmprovunsnt on this method, developed in
1943, whieh produces the synthetie rubber at & temperature

of la?ruinntoqd of at the usual temperature of 122°r, and
therefore given the name -of "ecld" rubber: This reduction
in temperature produceés a rubber that 1s, for the first time,
2 real commerelal threat to nmatural rubber because 1t re~
sulte in automoblle tireas superlor to those now made from

the natural produet, the tire industry belng the greatest
eonsumey of natural rubber in the world: VYhen eompounded
with improved carbon black and used for tire treads, an in-
erease of about 30% in mlileage in obtained, Desplite the add-
itional eost of regrigeration the total cost of "eold"™ rubber
is e low as standard GR=-5 beca se of cheaper materials used
in the polymerization reeipe and greater process efficiency,
and 1t 1s likely that, as the manufacturing nrocesses are
ironed out, further decreases in cost wlll be effected.

Butyl rubber, agaln, was wholly a developement of
the Standard 011 Developement Company which &lso bore the
entire cost »f research and developement. The final product
of this research, as can be well imegined from its character-
isties mentioned previously, was used to make superior inner
tubes for tires. Butyl rubber inner tubes, today, are basio-
ally safer than those of natural rubber, have better tear
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resistarnce and require much less frequent eddltion of ailr.
The properties »f butyl rubber tubes are ao exceptional
that they are ecausing some of the dutyl rubber plants,
belng operated by Esso Standard 04l Corporation under gov-
ernment contract, to shut downs Yhat 1s happening is that
butyl rubber tubes are lastin- as longz as or longer than
the tire caaings. Thelr better retantlon of air also in-
creases the oasing life, and with the prospects of eold
rubber (BR-3) treads in the offing, a2 revolution is under
way in the replagement tire and tube business. All this
shows the tremendous improvements that have gone into the
tire »f today and the benefits the publle will enjoy as &
reault of the research and developement in the rubber tire
industry.

In order to obtain an 1dea as tc how much money
such developemente cost the compeny that ecnduets them, here
are a few figures. The 3tandard 011 Developement COompany
spent more than 39 million on Fluld eetelytlc cracking =
from the time research started until the operation of the
first large plant, The research and develapement cost of
synthetic toluene was mére than §2 million. This does not
include the coat of the plant, which was buillt with Covermnment
capital, 7o date, for research and developement on Butyl
rubber, Standard 711 Lasg spent about $11 million., This agsin
doss not inelude any plant investment, since the Butyl rubber




vlants were fimanced by the Government,

The remarks made in the laat paragraph of a speech
given by E. V. Murphree, Presidert of the Stendard 011 Devel-
opement Company, in his agceptance of the 1950 Perkin Medal
Award, given by the Ameriean Seetion of the Society of Chem~
lcal Industry, provide & good summeary for this portion of
the chapter:

The developement of new or improved products,

and new or improved techniques in our industry,

provide for eontinuing high rates or employment.

They lnerease our standard of living. Sueh de~

velopements are essential %o our natlonal defense,

and are the 1life blood of ocur western civili-
zation. The incentive for the financial risks
involved is the expectation of profit from those
which are sueceasful., I hope we never see the

day vhen, through reatrictive legislation or

other 06Vfrnment action, this expectation ceases

to exist. '

B. Substituting Improved Rroducts

: This portion of the chapter will agein lay consid-
erable stresas on the role that the synthetle fibers sre playing
in modern industry. Eaeh, with its own specific properties
ard limitations, has made a place for itself among the nume-
erous usea that industry has for produsts of that type, where
they are renlaecing other fibers, cotton, hemp, ratten ete.,
vhose growth or importation was restricted during the war and
vhose plage they are still filling as well, 1f not better,

than it was belng done before. Although probably the most

1., Adventures in Applied Chemistry by E. V. Murphree
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imnortant of these fibers 1s nylon, this product only appesrs
in the form of a fiber thet can be woven into material or
other similar products ard for the beneflt of a wider fileld
the plastie, BSaren, which not only appears in the form of a
fiber but may also be molded, is given priority in this conn-
ection,

1. seran’

During 1838, the French chemist, Regnault, in his
studies encountered a strange new fluld which was later
determined to be unaymmetrical dichlorcethylene, now more
commonly known as vinylidene ehlorides From that time until
the beginning of the lest decade, this material has been in
the literature only rarely.

In 1922, B, T. Brooks indicated that halogenated
ethylenes other than vinyl chloride and vinyl bromide show
a tendency toward polymerization. 3taudinger and Feilsst,
revorting in 1930 on the polymerigation of an apparently
impure unsymmetrical dichloroethylene, indigated that the
liquid polymerizea quickly in light or slowly when kent in
the dark, This polymeric material 1s completely saturated,
and its structure 1s repreaented by the long dichloroethylene
chain., Felast reported the polymer to be crystalline, as
later confirmed by CG. Natta and R. Rigamonti,

T™he developement of vinylidene chloride by the

1. Pamphlets of Dow Chemical Company. (3ee Bibliography)



Dow Bhemical Company, the present producers of the product
saran, bepan actively over twenty years ago. FHesearch men
investigated the material while working on chlorinated al-
iphatie compounds. Based on that original study, & thorough
progrem on vinylidene chloride was imstituted: As a direect
result of that program, it was poasible to produce the first
vinylidene chloride polymers in a commercial way early in
1940,-

One of the outstanding characterilstics of Saran
is 1ts resistance to chemlcals and solvents. At room tem-
perature it is extremely resistant to all aelds and to all
common alkalies, except for concentrated ammonium hydroxide.
311ght discoloration with little change in mechanical prop-
erties willl onecur when exposed to concentrated sulphurie
acid or caustlic over long reriods. It is substantially un~
affected by both aliphatic and aromatic hydroearbons, zlcohols,
esters, ketones, and nitro-paraffins. It is swelled or softened
only by oxygen bearing orgenic solvents such as cyclohexane
and dioxane. This resistance to solvents and chemicals de=
creases with a rilse in temperature.

A second important characteristic of Jaran is its
extremely low water absorption and vapor transmission. The
basls polymers are odorless, tasteleas, and non-toxics Their
hirh refractive 1nd’u enhances thelr many color possibilitles,

while their toughness and abrasion resistance are of & high
order, and the retention of thesd properties upon ageling




insures excellent wearing qualities.

There are three major methods of producing Saran
plestic products. In the ‘orm of solild plasties they are
mede both by extrusion and injection molding, while extrusion
produced mono-filaments are woven into standard textile
meterials. Due to thelr exceptional properties as mentioned
previously, the extruded 3Saran has been produced in some of
the following forms: rods for making geskets, valve seats,
ball cheecks, medieinal prdbes; chemically resistant, flexible
tubing and plpe; tape for wrapping jJoints; chemical conveyor
belts; tape and strips for dle ocutting; and various items
of wearing apoarel.

Injection molding offers the second fabrication
method for Saran. This mcthod makea possible the production
of intricate shapea having properties similar to those ob-
tained by extrusion. Injection molded Saran played a con=-
siderable part in national defense. In many of its applica~-
tions it was as 2 metal replacement and not as a thermoplastic.
Comparative teats showed that, in many cases, Saran was the
only materlal that would satisfy the industriesl requirements
for the replacement of such strategic materials as nickle,
aluminum, stainless steel, and rubber in applications requiring
chemical resistance. Some of these applications are listed

here: a) Because of 1ts solvent and abrasive resistance
it replsced aluminum in spray-gun handles, where the practlice

of cleaning the equipment by washing in potent lacquer
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solvents does not effect Saran. b) It was used in valve
gseata because of freedom from channelins based on abrasion
resistance, its seeting qualities based on its resilience,
and in some applications, 1ts resistance to corrosive gases
and liguors. In this application it replaced precision
machined metal seats and imported horn seats. ¢) It re-
placed glass in hard usage where much breakage occured as
an acid dipper because of its gre t aseclid resistance and
toughness. d) In the reyon industry it has been used for
moldinss such 28 spinnerette couplings, pasket holders,
filter parts, nozzle tips, rollers, and guides. Because of
its inertness and stability to chemicalas and solvents used
in proecessing rayon, replacing speclal formulations of hard
rubber. 9) Molded pipe fittings for chemical, paper,
rubber and plastic industries.

The sbove uses during the war were one of manage-
ment's greatest worries, amd, a8 the war progressed and more
and more materials beceme of strateglec importance, they were
withdrawn from the market and users of that meterial had to
supply substitute parts at a moments notice. Into this
breach eame Saran anrd not only did 1t completely satisfy all
expectations but has been retained in a large number of
these uses because in the first place it is usually cheaper
than the metal it replaced and secondly actually did a
better Job. In this way Saran came to take 1its place in the

ranks of major materials which started out as substitute
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products and developed intc a standard produet for those
particular uses.

The third but by no means least important of
these methods of fabrication for Saran is that of extrusion
to produce monofilaments. Many uses of Saran monofilaments
fall in fields formerly supplied by imported natural pro-
duets, such as hemp, long fiber paper, rattan, reed, horse-
hair, Spanish silkworm gut, and linen. Most of these sube
stitutions mede during the war have been fourd to have
permanent benefits and have kept thelr place in competition
with the fabries that are now again available.

Saran's extreme chemical resistance sults it for
use in filter fabries. Saran's high wet strength and its
chemical ard fungal resistance have directed its use to
special ropes and cores for wire ropes. The general attrac-
tiveness and range of color possibilities fit this material
for such apparel accessories as belts, suspenders, handbags,
and shoes. Lons life, ease of cleaning, abrasion resistance,
and flexibility, as well as color possibllities, have attrac-
ted upholatery fabric applications to Saran. In subway tran-
sportation seating 1t showed no material wear, and appeared
1lke new, after a hard year of service. 3Saran upholstery
fabrie is now being used in train ard bus seats, as well as
household furniture and automoblle seat covers.

The latest addition to the fiéld of applieation

for Saran 1a that of sereaning, using nonofilementa. Saran
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screening already amounts to 20§ of all the metal screening
that 1s manufactured and due to the faet that it i1s resis-
tant to the effects of salt air in ecoastal regions, and
chemicals, it is being widely used 1n these surroundings.
In addition to this it costs leas than aluminum and bronze
sereening which are usually used under these conditions.

In its three major forms, Saran has found numerous
applicationa for 1€a axcoﬁticpal properties. largely due
to these p»ropertics industry today i1s supplled with a pro-
duet that requires much fewer repleacements, costs less to
install originally and gives better service than the products
that were originally used for the purpose. Having antagad
the market as a substitute material for those that were re-
quired more urrently by the war, Sarﬁn has remained a sub-
stitute, but permeanent, for those materials over which it
had a2 number of advantages and whieh are now finding appli-
cations elsewhere. This shows that research has again pro-
duced a product that is of inestimable value to industry as
a whole. A completely new field of products has been pro-
duced, new plants have been built employing more and more
workmen, and through the same successive steps they have
taken thelr place among the ma jor new products of the in-

dustry in line with nylon, rey>n and the plastics.

2. nzlogl

1. Tamphlets of Du Pont Company, Nylon Division
Bibliography) i e




Nylon, vhich was discussed in Chapter III, emerged
about twelve years ago as the unpremediated o teome of a
program of fundamental research eonducted in the Expertmental
Station laboratories of the Du Pont Company at Wilmington,
Delaware. The purpose of the sclientific study was aimply to
acquire knowledze of the mechanisma for making very large
organic molecules, such as are built by nature as the struc-
turel meterials of ecotton, wood or silk, There was at the
time no specific commerelal objective. The faect that from
the program came & whole range of new produets providing new
employment for labor and eapital has often been cited as
svectacular argument for industrial support of fundamental
as well as applied research.

Many people are not sware that nylon has many other
uges other than in stockings and brushes. 1Its first commercial
vse wes in tooth- and hair-brush bristles. Then came its
dramatic appearance in stockings, and its equally dramatic
disappecarance into wartime uses such as parachutes. But
nylon actually is a tough plastie from which a great variety
of articles may be made.

The name nylon does not refer to a sincle substance,
but to a family of related substances. Nylons are chemically
similar and have the common abllity to be formed into tex-
tile fibers. At Du Pont's new VWashington Works, near Park-
ersburg, ¥. Virginia, nylon is made in the form of filaments
to be used, for example, in bristling brushes, and as
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plastics in the form of powders from which finlshed articles
are molded by other manufacturers.

Thé properties of nylon yirn wihrich make it an out=
standing febric are given here in order to enable the reader
to evaluate 1ts potentlalities and better to understand why
it 18 being used in such a varlety of fields. Nylon yern
has & high tensile strength and is light in weight, being
twvice as strong and half as heavy as the same size of alum-
inum wire. Even when wet, nylon retains about 858 of its
strength, although it dries very quickly as it absorbs
little moisture., Partly due to this and the faet that it
is a synthetic fiber mekes it resistant to mold and other
microorgenisms and soil rot. Nylon's tenslle strength and
unusual abrasion-reaistance, due to smooth fllaments minimi-
2ing friection wear, eombine to give it an outstanding tough-
ness and ruggedness even in light-welght conatructions.
Nylon ean be shaped or set unier moist or dry heat, the
setting providing execellent shrinkage control. In addition
to this it can be repeatedly stretched or flexed without
loss in elasticity of the fabrie. The advantages it exhibits
in the industrial fields are that it 1s reslistant to alk-
2lis and hydrocarbons, being highly resistant to soap solu=
tions, olls, end petroleum. Its strength is l1ittle changed
under any of these conditions or by long immersions in salt
water. Nylon does not support the spread of flame and reslas-

tance to deterloration under heat makes possible long




exposure to steam and dry heat at elevated temperatures.
Industrial uses of nylon textlle fabrics are
numerous and for the sake of brevity only the most impore
tant will be mentioned heres The consumer fabries in the
form of hosiery and other wearing apparel need not be men=
tioned here as they are only too well known to everyone.
Nylon filter cloths serve unusually well in many industries
esrecially for filtering alkall and neutral solutions. Dia-
phragma for a wide varlety of uses are now being made of
coated nylon fabrics. Its exteemely hipgh resistance to flex
fatigue, heat, gasoline and chemicals are its chief contri-
butions to dlephragms for carburetors, pumps, and ges
measuring devices. In many of the industrial applications
for rope, nylon has already proved itself. Among theae are
air-mall piek-up ropes, yacht ropes, tow ropea for gliders,
mooring lines and rope belts for power transmission. Coated
nylon fabries are novw specified for the inflatable boats up
to 20-man capacity that are required equipment on all Americen
plaﬁas, commerclal and military, that fly over large areas
of water, Nylon 1s being widely used as a fabric cover for
steam presses due to the fact that 1t lasts three times longer
then any other material, 1s not effected by starch, and does
not turn brown with the steam and ceuse the clothea to stain.
One of the foremost industrial uses 1s as an insulating
wrap or covering for extremely fine instrument and armature

wires, particularly where space is at a premium. Strength,
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light weight, uniformity, abraslon resistance, low moisture
absorption and toughness all econtribute funetional value
to this and other uses.

A3 a molded plastie end in the form of monofile
aments there iz a2 completely different range of uses a few
of which are mentioned here. HNylon's great durability
qualigy it for more and more hard-working assigmments in
industry wvhere 1t is 2t present being used as a hammer head
for soft-impact hammers which avoid the marring of the
material being worked, Wire eoating and such articles as
eoilforms, ¥Mousewares, wristwetch straps, and bearings sre
mede from nylon molding powders. In the form of the mono-
filament nylon has gone into brushes of almost all types =-
from brushes for the commercial scrubbing or rugs, or for
use in dairies and breweries, or in vacuum cleaners, to soft
cosmetic brushes for women and shaving brushes for men. A
ma jor developement in nylon monofilament came during the
war due to the leck of imports of naturel bristles from Asia,
beling the discovéry o a way to manufacture tapered filament
for paintbrushes. In lines closer to the average consumer
nylon monofilament is used in temnis racketas, surgical sutures
and fish lines.

There 1s no need at this time to write about the
effect of nylon on both the textlle industry as a whole or
on Du Pont the parent firm., The profite belng made from th

rroduction of thia fiber are inestimable and so also are




the dollar benefits to the industriel users of nylon fabries,
using them to replece other and inferlor febrics. The ul-
timate in consumer acceptance of thils new fabrie is achleved
in an axamp;a of a hotel in ¥Wilmington, Delaware, which has
eonverted 100% to nylon febries for economy of wear and care.
Included among ita applications are ballroom draperies, up-
holstery on all the furniture in publie and guest rooms,
window and shower curtains, tablecloths, blankets and sheets,
rugs, bedspresds and lampshades. And all this as the result
of fundamental research on the formation of fibers by nature's
insects.
3. Orlon.t

The lateat fiber to enter the synthetiec fleld b
compete with those already exlsting is Du Pont's newest
find, formerly called Fiber A, but now given the trade name
of Orlon. Orlon is an aeryliec fiber manufactured from poly-
serylonitrile. A produet of Du Pont research, 1t is now
passing frow the exverimental aéaée of developement to comm-
ercial produetion. Gonstructlion of a plant is under way at
Camden, 3outh Caroclina, and 1t is expected that eontinuous
fiiament yarn will be availbble commerclally late in the
fall of 1950,

Ever Since nylon had passed the developement stage
and waa beins produced in commercial quantities Du Pont had

1. Pamphlets of Du Pont Compeny, Rayon Department. (See
Bibliography)




been looking Tor a continuous filament, synthetic fiber
having the warm, dry, luxurious texture and dimenalonal
atabllity of silk in high humidities. They had also been
gearching for a steple whieh would have the exceptional
bulking power, high thermal insulation and wrinkle recovery
.proeosuod by wool. Btill another objective was to develop
a8 Tiber with strong attributes which would allow Du Pont to
make a econtribution to the industrial and domestie fabrie
fields - a fiber which has extreordinary resistance to oute

door exnosnre, ehamicala mieroorganisms, and insects, along

with high trongth lovw sensitivity to molature, good heat
fosiatnnco and high flex 1life.

Five years of searching market exploration, em-
ployingfailarge poundage of Orlon fiber produced by the
rilot plant, convineed Du Pont that it was an industrial

fiver of the first orders Not only this, Orlon eontinuous
filament yarn is the most silk-like synthetic fiber, while
the staple is the most wool-like synthetic fiber, known to
man at the preasent time. It has & eombination of proper-
tlies which will give 1t a wide diversification of markets
and cause it to be suitable for many purposes in which the
rayons and nylon wiil;nat equal its performancs. ' For oné
thing, Orlon's resistance to outdoor exposure iz so good
that Du Pont made the statement that it was the beat fiber,
natural or man-made, for outdoor use. ‘

This single sallient characteriatic of Orlon will



extend the frontlers of utility of industrial and domestiec
Padbries. However, 1f the other attributes of Orlon are
pyranided along with its sunlight resistance - i.e., high
dry and wet tenalle atrength, high resistance to streteching,
high flex 1life, rapid drying, bonding to resins and rubbers,
dimensional stabllity to heated geses and liquids, resistance
- %o acids and aclid fumes at high temperatures, resistance to
insects, molds, mildew, &nd other mieroorgenisms - then the
broad utlility and versatility of Orlon as an industrial and
domestic yarn ean be viewed in the proper perspective.

Since nylon has greater abrasion resistance, re-
tains a greater percentage of its strength in air at higher
temperatures, and has a much better resistance to alkelies
than Orlon, it 1s apperant thet Orlon will supplement, rather
than compete with nylon in the industriel and domestic fabrie
fields.

: With regard to outdoor resistance, Orlon stands
in a ¢lass by itself. Tests have shown that, when the time
of exposure is suffleient to cause all other fabriecs to lose
1007 of their strength, Orlon has retained 85% of 1its orig-
inal strength; after one and a half years under the exposure
of the elements Orlon had lost only 23% of 1ts tengile strenghbh.

Orlon acrylic fiber heas good to excellent resilstance
to mineral acids, falr to good resistance to weak alkalies,
end 1s not harmed by common solvents, olls, greases, neutral

salts, and some acld salis. This chemical inertneas of Orlon,
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eapeclally to minerel aclds, indicates that it 18 a good
candidate for many uses in the chemlcel industry. 1In
addition to this it can be used at higher temperatures in
agldic liquid and gaseous mediums than many other fibers.

Due to this 1t will solve many & problem in the filtration
of industrial and nuisance dusts by bag filtration where

the materials used previously could not stand temperatures
over 235°F, Research in this fileld has shown that Orlon

ean be used in the neighbourhood of 280°F. for various kinds
of filtration without unreasonable shrinkage of the material.

A real need for fabries whlech ecre more sultable
for protective work elothing exlats. Both the employer and
employee in the chemical procesa industries, rayon plants,
garages, and gesoline stations are seeking acid resistant
fabries which willl give better protection and safety to the
worker. Fabrics are desired which will not require father
to hand the garment down to his son after heat shrinkage
has resulted from contaet with bollers, steam pipes, and
rediators. In all these requirements it has been found that
Orlon ecan fill the need.

To sum up, Orlon's industrial fabrie applications
are besed on some exceptional propertles which are listed
here and which can be expected to make it a strong contrib-
utor to the fields of application which follow, both on the
basis of unit function per dollar cost and more satisfactory
performance. Orlon has high strength, outdoor durability,
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high flex 1ife, aecid resistance, resistance to miercorganisma,
lovw sensitivily to molsture, heat resistance, bonding to
resins and rubbers, electrical pPoperties, and dimensional
stebllity. These properties may be used in any of the
following aprplications: filter fabries, auto-top decking

for econvertibles, tenta and tarpaulins, yacht salls ard
marine cordage, harvester aprons, anode bags, and agricul-

turel end mine belting.

The last three products mentioned in this chapter
are an excellent example of what is known ae application
regearch., Although the initial research which culminated
in the product itaolr in'givon the greater amount of praise
and eredit, the work that is done on the product in its
original form in order to> make 1t avallable to an ever wide-
ning consumer demand is of the greatest importance. This
type of resesph has made it possible for the fibers, which
in thelr original pilot plant form had very few outstanding
properties or charecteristics, to diveresify thelr flelds of
application by being impregnated with a number of additional
characteristics end properties through studles on thelr chem-
icel structure and methods of manufacture. Ié their in-
creases application fields they can then utilize a2ll their
properties to advantage at whatever job they are performing.
It 1s this type of research that melkes the selling of a
new product considerably eesier, and gives the manufacturer

w

the assurance that his product can he marketed under all :
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types of adverse economic conditions as there will alweys

be some epplications whose use cannot be dispensed with.
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CHAPTER V
NEW PRODUCTS

This chapter ecncludes the disecussion of the
threefold aid to sales, and the other benefits to be de- *
rived therefrom, through reseasch as mentioned in the Role
of Reseerch. (Chapter II) As stated in that chapter, "If
8 product is really new, really novel, and is priced right,
it will sell on any market, buyers or sellers”". Now that
'~ the buyers market 1s not & thing of the future but right
here with every industry and in the beok of every menager's
mind, the importance of this type of research cannot be
neglected any mores There is no other branch of the chem-
1eal and process industry that demonstrates this statement
better than the field of plastics, and duve to this fact the
greater portion of this chapter 1s devoted to an analysis
of the various plastiecs, their dlsecovery, application and
properties.

In order to simplify the classificatlion of the
numerocus plastics, and for that matter any new diseovery or
research program, this discusslion 1a divided into two major
classifications. The first part eoncerns itselfl with new
producta that are produced for the consumer who buys them
for thelr exceptlonal properties for use in his everyday
1life, The second part of the chapter 1s eoncerned with those
new produets that are used, by and large, by industry and

rarely reach the consumer directly,




A, Produets for the Consumer

Most of the plasties in use todey have been
developed within the laat twenty yeara, and, like the
eirplane ard the radio, ere undergoing ecnstant improvement.
The very first plastie, however, 18 a product of the nine-
teenth century, and for 1t this country may be thankful to
the enthusiasm of billisrd and pool players. In 1863 Phelan
and Collander, manufacturers of billiard balls, offered a
$#10,000 award to anyone who developed a substitute material
for the ivory that was fast disappearing, and was therefore
able to demand very high prices.

Many men, lured by this sizable award, put their
ingenulty to work. But 1t was John Wesley Hyatt, an American
printer, and his brother, Isalah, who made something that,
vhile 1t did not have 2ll the qualities of Africen 1ivory,
looked much like 1t, Getting thelir ldea Trom & medicine
kit's collodion (used as a coating or skin on small cuts),
Hyatt contrived a mlxture of ¢cellulose nitrate and camphor.
The resulting compound was white and fairly hard. Further-
more, it had a property that no tusk hadj; it could be shaped
under heat and pressure. In short, Hyatt developed the
first of the modern plastiecs. It was ocalled celluloid, and
it became the base from which rose the whole plastic industry.

With the research compass pointed in 2 new direction,
organic chemists began to explore the pissibilitlies of other
simllar compounds, called resins., Many years passed before



another successful plastioc came as a result of this searching,
but the sclentific world was exclited and stayed sxclited over
nyatt's diseovery.

Though work went on at the same time to improve
on eellulose nitrate, or gelluloid, the second marker of
progreas in plastics came in a fleld which differed consid~
erably from thermoplastie cellulose nitrate.

Dr. Leo Baekeland's revolutionary dissovery,
standing like a Matterhorn above the plateau of modern ine
vention, came out of a need for a superior insulating mater-
ial, Wood was inadequate. Tubber was fair but expensive,
and 1t left much to be desireds 5Shellas, though useful,
wasn't 2ll the industry wanted; it broke down under heat.
Dr. Baekeland put together a mixture of phenol and formale
delyde and with heat and pressure produced e hard, dark,
electrically resistant resin, a material better than any
previsus insvlator. He called 1t "Bakelite", and as the sig-
nificance of his dilascovery became clear, his contemporaries
called him the "father of modern plaatica”.

Stimulated by Baekeland's work, investigation went
on apage. With Bakelite and Hyatt's earlier find, chemists
had at hand the foreruumers of the two 1nport;ﬁi families of
the plastlics world. One, the thermosetting family, was
headed by phenol formaldehyde. TFormed by heat and pressure,
it became impervious to heat. The other class, the thermo-
plasties, with cellulose nitrate as the patrierch, would,




like wax, harden when cooled and would soften when heated.
All the plastics that are belng produced at present, nume
bering many hundreds if company speclalitlies and trade

names are included, may be grouped intc fourteen major
types, some of the more important of which are the phencllies
and cellulosies, the forerumners mentioned above, the
polyemides (nylon), ceseins (glues), melemines (Resloom),
polystyrene (combs ete.), vinyls (raincoasta, rubber like
gheetinz), sorylics (Luclte), and polyethylene (Polythene).>
1. lueite.?

At a banquet in VWashington in 1936 marking the
founding of the American patent system, guards anxiously
eyed what appeared to be identical balls of corystal set
side by side on a lighted dilas,s Ome ball was of rock eryatal
and almost priceless. The other - indistinguishable from
erystel to the eye - was made o/ Lucite aerylic reain, a
Du Pont plastie. It cost less than $50,

The developement of aerylic plastiecs, such as
Lucite, stems from sclentific investigations begun during
the nineteecnth century. Resins in this category first were
made commerelally in CGermany early in the twentieth century.
Work on them also went forward in England, and subsequently
research on the subject was carried on in the laboratories
1. Pamphlets of Monsanto Chemicel Company, Plastics Division,

and Modern Plasties, Incorporated

2. Pamphlets of Du Pont Company, Plasties Department, (See
Bibliogrephy)




of the Du Pont Company in Wilmington. By 1937, years after
the first resin was synthesized in a test tube, Du Pont in-
vestigations had progressed to the point where 1t was poss-
ible to produce commercially the first sheets of Lueclte in

the plasties plant at Arlinston, Hew.Joraey.‘

One of the most imporilent uses for Lucite was in
the manufacture of trensparent enclosures in aireraft. For
years Federal aviation authorities had been seeking for this
purpose a material that would be at least as clear as glass,
preferably highter in weight, and lesa likely to break. At
the same time they wanted something better than the plastics
thus fer used, which were not suffielently transperent and
which felled to stand up under exrosure to sunlight and
weather. Lucite met those requirements at a time when mil-
itary aircraft production was beginning to be pushed to
meet a national emergency.

The material's resistance to weathering was found
to be excellent. It was not readily braian. It was light
in weight. No other plestic appreached 1ts optical proper-
ties which, by further researgh, were made superior to any
but those of the finesat optical glasa. Processes were de-
veloped for shaping flat sheets of Luecite into ncses and
other enclosures for tens of thousands of military 2nd e¢lvil-
ion airecraft.

The principdl ingredient of Lucite is & chemical

compound known as methyl methaerylate. It is manufactured




at the Du Pont high-pressure synthesis plant at Belle, West
Virginia, and is one of the several important syntheties,
ineluding nylon, which may be derived from elements of coal,
alr and water. By four different procedures, Luclte 1is

made as sheets, rods and tubes at Arlington end as molding
powder in the new Washington Works, Parkersburg, West ¥irginia.

Lucite is easily one of the most beautiful of the
plastics. It comes close to realizing the chemist's dream
of orgeniec glass. Ite high transparency, and freedom from
haze or golor of its own, make it posaible to give Lucite
any color. Thus, while it is best known in its colorless,
erystal form, it is also found in a wide range of transparent,
translucent and opaque colors.

With beauty, Lucite combines many useful properties.
No highly transperent plastic materisl in commercial pro=-
duetion can mateh the aerylle resins in their abllity to with-
stand outdoor exrosure. In addition, Lucite 1s a good elec~
trical insulator, is resistant to most common chemicals, and
has good impact resistance.

Because of 1ts clarity and because it cen be made
with a perfectly smooth surface, Lucite has the ability to
transmit or "pipe" light around curves. The phenomenon may
be demonstrated by directing 2 beam of light into the end of
& long Lucite rod which, with the aid of heat, has been tied
into a knot. The light, without belng seen throughout the

length of the rod, emerges in nearly undiminished intensily




at the other end. Out of this phenomenon, and the fact

that 1t has the 2bility to transmit over 90f of the light
rays, has proceeded a whole line of instruments using Luelte
rods to i1lluminate body cavities in dentistry and surgery.
Light of good intensity, yet eocl and harmleas to tissue,
may be directed upon a small sreva through a rod screwed,

for example, into & handle e-nteining a flashlight,

Use has been made in the light-piping of Lucite
in "edgelighted” murals, sereens, panels, and signs. If one
edge of a sheet is supported in a frame directly above a
fluorescent tube, and if the surfece of the sheet l1s perfectly
smooth, the light will be earried through 1t inviaibly to
emerge 2t the opposite edge. But 1f the surface of the sheet
is carved or sand-blasted or otherwise roughened in a dec-
orative pattern or lettering, the pattern will glow with light
escaring where the smooth surface has been broken.

Recently, Lucite was used for the firlt time, in
ouantity, in meking large outdoor signs. As an instance of
this developement, & few years ago a large o1l company in-
stalled a number of Luclite signs at gasoline service stations.
The signs were made of two Iuclte faces enclosing two eold
cathode tubes whose light, spreading evenly through both
surfaces, made them shine like electriec light globes at night.
Natural light, glowing evenly through the signs, gave an
effect of daytime 1llumination. A major conslderation in

use of the materlal for this purpose was low upkeep costa.
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In addition to thelr durability in outdoor exposure, the
signs recuired no painting, aa their eolors were incorpor-
ated into the plastic.

For a number of years, Lucite molding powders have
been used in the menufacture of lenses and reflectors for
automobile tall and stop lights, and in knobs and other
hardware fittings and the transparent covers of instrument
panels. At preseht, more than fifty eight parts on fifteen
makes of automobiles have been made from Lucite molding
powdersa. In these uses, advantage has been taken of the
material's trensparency, beauty, ready moldability and
weather-resistance, plus its virtual freedom from breckage
during automoblle sasembly.

Considerable quantities of Lucite molding powdere
are used in making such items aa combs and brush baecks. The
material alsoc goes into the manufacture of costume jewelry,
display cases, gift boxes, food covers and such specialized
articles as contact lenses, artificlal eyes, and eranlal
plates.

Lucite molding powder, formuleted and pigmated to
give the appearance of human gums, 1s used to make dental
plates. One composition, specially prepared, is known by
the trade mark Luclitone and is dlstributed by the L. D. Caulk
Company of Milford, Delaware. It is processed into platea
at dental laboratories by a molding technique adapted to
the plaster molds in which this work haes to be done. For
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use in the mouth, Lucite has the advantage of being odorless
and tastel-ss and without toxic effect. It also has no ten-
dency to absorb taate or oder or color from foodstuffs, end
is dimensionally stable =3 that a well fitted pl&to eontinues

to be comfortable.

Having seen the numerous produects and uses that
one plaatic haa been put to due to M exeeptional properties
in certain fields, one can well imagine the benefit that
such a plastic gives to management, both that which produces
the articles and that whiech uses them. Although the Du Pont
Company is one of the largest producers of plastic compounds
and powders it has many competitors, mumbering some twenty
five, of which Unlon Carbide and Carbon Corporation and Mon-
santo Chemical Company are the most important. Before des~-
eri ing some of the products of these other companies it is
well to mention one more Du Pont product, Pyralin, which 1s
one of the lateat developements of the cellulose nitrate
plastics.

Pyralin 1s avallable in a wide variety of colors,
and, as most cellulosiec plastiecs, 1s pliable, tough and
durable, It has & moderate specific gravity and a low water
absorption. As all thermoplasties 1t ean be recdily formed,
machined and cemented. The greatest dlsadvabtage of all
cellulose nitrate plastics is the fact that they are exceed-
ingly flemmable, and "yralin is no exception to this rule.




The best established uses of Pyralin are in such
colorful items as fountain pen and pencil parta, optical
and handbag frames, buttons, bucklea, and toys. It is also
used in shoe heel ceoverings, drawing instruments and tool
handles. One reason for ita wide application is the faot
that Du Pont produces it in the form of sheets, rods and
tubes, while most other plastics, as will be seen later,

are only produced in one form,

2. Vinylite Plastics’

Vinylite 1s the trade name for the polyvinyl
plastiecs as produced by the Bakelite Corporation unit of
Union Carbide and Carbon Corporation. The vinyl plastiecs
may be produced in the form of resins and powders or as a
final plastie product and there are a number of chemical
combinations that give varying characteristies to the final
product. Most of these vinylite plasties are characterized
by some of the following properties: e¢olorless, odorless,
non-toxie, non-flammable, chemically inert, tasteless, slow
burning, and unaffected by ageing.

The vinyl chloride~acetate resins can be produced
in the form of molded and extruded plastiecs, film and sheeting.
The former production methods result in such articles as
gaskets and transeription reecords, while the latter are used
to make upholstery and handbag material, moisture resistant

l. Pamphlets of Union garbide erd Carbon Corpeoration. (See
Bibliography)
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coatings and durable, waterproof fabrics.

The vinyl acetate resins have the particular
property of having excellent adhesive strength and are em-
vloyed for thia property for bonding cloth, peper, porcelain,
metal, leather and numerous other types of surfaces. They
are also used in the preparation of lacquers and for the
sizing of textiles, falt and straw.

The vinyl butyral resins, third and last of the
vinylite group, alsoc have excellent adhesive properties and
are used for this purpose in the produotién of plywood and
mica sheets, The produet has such phenomenal toughness that
it 1s now used extensively in the manufacture of a permanent,
teracious, interlayer for safety glass.

This one group of plasties, all derived from the
same chemical phenomena of polymerization, have thus been
able to supply the basie needs of half a dozen industries
or more. The initial researeh work that brought the poten-
tialities o»f this plastie to light has lons been forgotten
in the subsequent research to bring forth new variation? of
the basie polymer that will cater to the needs of an ever

inoreasing and widening consumer market.

3, Phenolic Plasties’

The field of phenolies, as started by Baekeland,

now eomprises a wide varilety of products ranging from molding

1. ramphlets of Unlon Cerbide and Carbon Oorporation. (3ee
Bibliography)




plastics and laminating varnishes to resins for paints and

varnishes, adhesives, bonding materials and ealendering ma=
teriala. In comparison to the vinylites, 2ll the phenoclics
are derived from the same basiec chemicals, phenol and forme=
aldehyle, although some of the resins are produced by come

binations of derivatives of these two organics.

While the phenolics 28 a claass appear in many
forms, to the average consumer they are always in the form
of pressure molded plastics. As a molded plastic the
phenolies have such outstanding characteristics as mobllity,
dimensional stability, excellent electricel insulation, re-
sistance to heat, water and chemicals, ard above all a
relatively low price., The molded phenolics themselves vary
somewhat in their specific characteristics dopqnding on the
type of filler used in the final products Thus the general-
purpose phenolies, which are wood-flour filled, have a well
balanced combination of properties that make them ideal for
business machine housings, radio and television cabinets,
and the everyday telephone.

Shockeresistant phenolies are specifically man-
ufactured for use in applications where the part will re-
quire considerable motion in machinery and household equip-
ment, such as electrical bushings, variable speed pulleys,
washing machine agitators, table fans and fishing reels.
The mineral filling of certain phenolies gives them greater
resistance to heat and makes 1t possible to use them at




temperatures as high as 525°P. These plastics are used as
handles in electrie irons, kitehen utensils, and as bases
end fittinga on other eppliances possessing electrical heat-
ing unita. In addition to these, a special group of phenoliecs
is manufactured for very limited purposes. The low=loss
plastic insulation materials have been developed for high
frequency service in the electrical field, Speclelly re-
gistant plaatics are produced to provide protection against
vater, aclds, alkalies, oils, and other types of chemically
corrosive products. Phenolics eontaining graphite are used
in the hedvy-duty bearings required in steel rolling mills,
where the bearings are then self-lubricating: The latest
developement in this line of speeial phenolies has been the
X-rey phenolics which are substituting for lead as X-ray
shields in many industrial and medical applications.

Although the molding plasties are by far the most
common form of phenolica, there are two other major uses
for this polymers The first 1s as a laminating varnish for
the production of laminated plastics, a developement that
has many interesting furniture applications. The second is
as 2 resin, where the resins themselves have a myriad of uses,
They are used as quick-drying and durable-coating constituants
of paints and varnishes, as adhesives for plywood and wood
fillers, as bonding materials for high-speed grinding wheels,
and as calendering and impregnating resins for waterproofing
¢loth and making it resistant to chemicals and heat.




The original plastic, Bakelite, can therefore be
seen to have come of age sinece the days that Baekeland was
instrumental in discoverins its unique properties. Research
has gone far to place this plastie, and the whole plastie
industry, on the industrial map of the world, and there is
no branch of industry that has ashleved as phenomenal &
success as this one in the production and marketing of its
products.

4. Styrene Plastiet.l

S8tyrene plesatics were first'inﬂroduoed for comme
ercial eapplication in 1937 in the form of thermoplastic
materials for injection molding. 8Since then they have ade
vanced at such a rate that, today, they ocoupy & front-rank
position in the field of molding plasties. The outstanding
physical, electriecal, and chemical properties of this unique
rlastic created an induatrial demand for its fabrication in-
to other useful forms. Within a short period styrene film
was announced, mainly for electrical insulating requirements.
A few yeara later special processes were developed by fabri-
cators enabling them to produce sheeta, tubes, roda, and
special shapes from the base plastlc. DMore recent develope-
ments are styrene plastic sheeting that is sufficlently tough
end flexible to permit punching and stamping, &as well as file
aments, and fiber.

1, Pamphlets of Unilon Carbide and Carbon Corporation
(3ee Bibliography)




Styrene plestica, in all their fabricated forms
present the designer with an unusual eombinatinon of propere
tiea that cannot be found in any other material, Superior
electrical insulating values have led to thelr wide spread
adoption in high=freguency radio ard electronic service.
Remarkable chemical resistence, particularly to strong
cauatice and acids, has solved problems in chemical process-
ing, handling, and shipping. High index »f refraetion,
transparency, and clarity established important uses for the
material in the lighting fleld., Dimensional stabllity une
surpassed by any other thermoplastie, low specific gravity
(1.05), rigidity eombined with good mechanieal strensth
characteristles, and availability in a great variety of colors,
open up untold possibilities for improved product and package
design.

At the present time styrene plastics are being pro-
dueed in larse quantities for dlesplay purposes, vhere they
offer light, strong arnd washable packages for all types of
articles. Due to thelr varlety of colors they are used ex-

tensively in toys, and in well tiles,

Be Products for the Producer.

1, Polz&henegl
Polythene is the trade neme of Du Pont's lotest

1., Pamphlets of Du Pont Company, Plaatics Department; Chemiocal
Engineering, February 1949, )



addition to its already wide field of general purpose
plastica. At the present time it is the only plaatic of
its type that is still in a sellers market, and that Qvan
after quadrupling output between 1948 and 1949 to produce
fifty million pounda in thé latter year,

Polythene 1s omne of the very simplest plastics
in terms of chemical structure, being manufactured by the
polymerization of ethylene, a gas obtsineble from petroleum.
The fact that 1t can be polymerigzed has been known for many
years, but it was not until about fifteen years ago that
regsearch carried on in England demonstrated that useful
polymers can be made if polymerigation 1s conduoted under
extremely high pressures and atelevated temperatures, Thus
ma jor resources of moderm chemical equipment and engineering
are essential in menufacturing this resin.

Polythene 1a a white trenslucent material of some=
vhat waxy appearance. Lacking the complete transparency add
sparkle of lueclte aerylic resin, polythene is sold less for
its appearance than for the most impressive combination of
good physical and chemlcal properties to be found in any
single plastic. It has excellent electrical properties, 1is
the lightesat of all commereisl plastics, has high chemical
resistance, 1s tough and flexible at temperatures well below
the brittleness points of other plastics, and has a very low
rate of water vapor-transmission. In addition, it contains

no plasticizer, is tasteless, odorleas, and non-toxie, is




available in & wide range of colors, can be heatesealed,

end is easily molded, extruded, and machined. Its relative-
ly low price coupled with ita low specific pgravity make 1t
an economical material for many uses.

Its outatanding electriecal properties dictated
uses for polythene when it first became avallable in comm=
erelal quantities at about the start of World War 11, and
ell supplies were allogated for military purposes. The most
important use was as an insulator on infantry fleld wire,
where a relatively thin coat provided adequate insulation.
This, together with low weight of material, made poasible a
ma jor reduction in the whight per mile of the wire, which
in large part was carried on the backs of soldliers and
payed out over the ground, Since the war, electrical in-
sulation has continued to be a major fleld for polythene,
perticularly in high-frequency equipments Oil<burner and
neon sign cables (GTO wire) in five thousand to fifteen
thousand volt sizes are inaulated with polythene, where
high moisture resistance, exceptional electrical properties
and long life make 1t an l1deal material: Thousands of miles
of coaxiel cable have been produced, using fnsuletion discs
of polythene in the coaxlal units- as many as 506,000 dises
per mile in a typical cables, It 1s also the insulating ma=
terial 1n several types of televislon and FM lead-in lines,
vhere power loss and distortion are finimized, providing




strong, clear receptlion.

One of polythene's earliest and mont successful
vses has been the packaging of frozen poultyy, where low
molsture loss 1s essentinl to prevent dehydrations The
bags, made from flat tubing with 2 rounded heat-sealed end,
remain tough and flexible durinz long exposure to subfreez~
ing temperaturesa, and are transparent emough to wake the
bird vicible to the shopper. A major meat packer is using
large polythene bags for packaging veal carcasses weighing
from fifty to sixty pounds,

Memufacturers have adopted polythene film for the
packaging of such metal parts as brass fittings, surgical
serews, ball bearings, and electronic and hardware parts.

It 1s ideal for this pmrpose because 1t has excellent tear
strength, and euts or niecks do not tend to "run", Liners
for bags and for metal and fiber drums are used for packe
aging chemicals, pharmaceuticals, adhesives, and foodstuffs,
replacing gless containers and speciclly coated metal drumas,
This permits the use of lowere-priged outer containers which
usually heve & lower tare welght. Because of its exception=
al chemlical resistance blow-molded polythene bottles are
used for hydrofluoriec aclid and other corrosive chemicels

and solutions,

Polythene film is used &s continuous backing be=
tween layers of uncured rubber before vuleanigation, and as
envelopes for each roll of uncured rubber. The non-aticky



polythene backing peels cleanly and prevents adhesion withe-
in the roll, and the envelope keeps the "cameleback" (uncured
rubber) tacky for use.

For years, medical science felt the need of a
flexible material that would be tolerated by body tlssues,
and, therefore, could bhe used safely in making surgieal re-
peira. Late lest summer, two groups of research physicians
reported the successful experimental use of polythene for
that purpose. One, a group of Boston neuro-surgeons, de-
scribed in the Journal of the American Mediecal Associlation
the use of thin polythene film to replace membranes in brain
surgery. At about the same time, physicians of the Mayo
Foundation at Rochester, Mimmesota, told a meeting in New
York City of the American College of Surgeons about the ree-
placement of bile duects with fine polythene tubing,.

Plas 1&.1

With Plastacele this chapter ends the more common
plasties which are produced under their trade names by the
plastic manufacturers, This, as most of the previous
produets, is the result of research to illustrate Du Pont's
reglstered trade meri, which, in part reads, "Better things
for better living..... through chemistry".

Plastacele 1s a cellulose acetate plastic and is only

1. Pamphlets of Du Pont Company, Plastlics Department.
(Bee Bidliography)
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produced in the form of sheets, as its major applicatlion
is as 2 visual guard, elther in the form of a visor or a
dial coverings It haa excellent impact strength and mod-
erate specific gravity, and is inert to moat vegetable and
mineral olls. This charscteristic has been the main reason
for its application in such varied products as covering for
hospital charts and blotters, drafting instruments, indus-
trial faceshields, lenses for various types of industrial
and drivers' goggles and welding helmets, machine guards
and motoreycle windshlelds and taxlecab partitions. This
plastic can therefore be seen to have given industry and
the public & means for greater safety with undiminished
visibility and this is of the greatest importance in all
operations.
eflo .1

The osutstanding product of the plasbic labore
atories in the past few years has been tetrafluorcethylene
resin, given the trade name Teflon by Du Pont, its origine-
ator., The resin is made by polymerizing grseous tetra-
fluoroethylene to yleld & solid, granules polymer. Thh out=-
standing properties upon which many important uses are based
are its toughness over & wide range of temperatures, its
excellent electrical properties over a wide range of fre-
quencies, itsc extreme inertneas to chemicals, and its re-

1. Ibid; Chemical Engineering, March and November 1949,
Jamary and February 1950.
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sistance to heat.

The chemical resistance of Teflon is ocutstanding.
It withstands the attack of practically all chemicals except
molten alkall metals. It has been boiled in meny solvents,
including a variety of halogenated hydrocarbons, ketones,
eaters, and alcohols, without swelling or any other sign of
attack. Teflon can be bolled in aqua regia, hydrofluorie
acid, sulphuric acid or nitrie aecid with no change in weight
or properties. It is equally resistant to the attack of
strong alkalies. Since 1t can be used over the temperature
range of =320°F.,to 550°F., the number of applications for
this plastic are unlimited.

Teflon possesses exceptional electrical insulation
properties and due to the fact that it cen withstand temper=
atures in the vieinity of 400°F. for any length of time, and
of 500°F, for short perlods of time, it is well suited as a
insulant for the wiring of transformers and motors.

Teflon was a war developement, but due to the
difficulties of manufacturing and applying it its applications
have been severely restricted till now. Recently, however,
Du Pont research men discovered that it could be made as a
suspendoid, a form in which fine particles of the plastic
are held suspended in & liquid., This led to equally importe
ant dlscoveries - how to make Teflon adhere to metals and
how to make finishes that could be sprayed. Out of this new

suspensoid form of Teflon, five new finished product
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developements have been evolved, which are expected to

have considerable industrial usage when sufficient suspensoid
becomes availlable. The five products and thelr uses are
listed and described below,

a, Industrial Finishes,

These industrial finishes are applied with paint-
spraying equipment to metals. The finishes will adhere to
most metals, such as steel, stainless steel, aluminum, brass,
copper, and to glass (after sand-blasting), porcelain, and
brick. There are three tipes of Teflon spray-coatings -
primer, intermediate, and finish. The process of applying
each is similar, first spraying them on, after having thore
oughly cleansed the surface, removing all oil and greases,
then letting them dry, followed by a fusion of the particles
by baking them around 750°F. and quenching when this has
been achieved. The thickness of the finish necessary to give
protection against corrosion depends upoh the nature of the
chemical to which the finishes are to be exposed. The primer
is always used as that 1s the secret of adhealon. An intere
mediate coat may or may not be used as 1ts purpose 1is to
toughen the finlshed lining. The number of finished coats
are the varliable numbering anything from one to six,

The price of tanks and other containers that will
eventually be produced with Teflon linings should compare
very favourably with those of the glass and rubber lined
variets, and in addition have properties that are far
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superior to those of the other tanks., Several fabricators
have already started setting up operations that will enable
them to convert to Teflon lined tanks as soon as Du Pont
produges commercial quantities of the necessary suspensions.
bes Vire Enamels.

The largest application for wire enamels is in the
insulation of magnet wire for the windings of motors, trans-
formers, and generators., In this application their greatest
asset 1s their heat resistance. Teflon insulation will
stand a much higher temperature than ordinary insulation,
operating at 400°F. instead of 220°F, for ordinary insulation.
In addition to this a Teflon insulated motor ¢an operate con=
tinuously at 400°F, and for short periods at 500°F. Thus,

Af the insulation can stand higher temperatures it is possible
to put more current through the conductors, receiving much
more power oubt of the maghine. On a motor, for instance,
Teflon insulation would increase the horsepower output by

25 or 508, Or the other way around, to get the same horse-
power the motor eould be greatly reduced in size and weight.
A tranaformer would only welgh a third as much « and it
would last three times as long., This welght factor is of
great importance in aireraft motors, where a big transport
plane may carry as many as thirty motors and thirty trans-
formers, whose reduction in weight will enbble the plane to
carry considerable additlional transportation weight, besides
lasting longer. The size factor naturally also makes a
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considerable reduction &n the cost of the materials goling
into the motor as much less copper will be used.
6. Extrusion Compounds.

Extrusion compounds of Teflon resin have been de-
veloped for heavier insulation than is possible with the
wire enamels. The heavier coatings have exceptlonal dlelec~
triec properties at high-frequencies and, for this reason,
are expected to be adopted widely for radar and television
installations., In applications where conductors are wanted
which can withatand high temperatures these extrusion com-
pounds will also find much use. This would ineclude the wire
in electric ranges and other appliances, thermocouple leads,
aireraft ignitions end large amounts in large motors, trans-
former coils and other electrical equipment.

d., Unsupported Film and Coated Fabries.

One of the uses for unsupported film and coated
fabriec 1s as electrical tapes superior to those now available
commercially. They may be employed for wrapping electrie
colls, or as protective layers between coils, or as condenser
films,

Glass fabrics coated with Teflon, and unsupported
Teflon film, will complement the wire enamels and extrusion
coatings in electrical equipment, and also will have non-
electrical applications, The coated fabrics may be used in
the electrical industry as slot liners, ccll wrapping, layer
insulation, and, possible, as a substitute for mica sheet
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in tranaformers and condensers. In the chemical industry,
the fabrics may be used in the manufacture of protective
clothing, or as gaskets, conveyor belts, and flexible ducts
for hot, corrosive gasses. These coated fabriecs are simply
sheets of Teflon resin reinforced with glass cloth, and these
may be laminated into strong, soclid materlal of almost any
desired thickness by bonding under heat and pressure.

e. Raw Suspenaold.

Raw suspensoid is available at the present time
at about 75 a gallon which amounts to a total cost of §10
per pound of solids, At the present time the Du Pont Company
is soliciting the cooperation of research organizations in
many fields other than those already mentioned in the hopes
that they will find radically new applications for this ex-
ceptional plastic. These will show more so than now that
this new type of plastie, which only has competition from
M. W. Kellogg's Kel=F, in even a lower stage of developement,
is ziving menagement a completely new field from which to
take products to help 1t in its numerous production problems
in the chemical and process industriea.

Teflon ia a completely new product, so new, as a
matter of fact, that the products being placed on the market
at present are still being manufactured at the pilot plant
in which the process was first developed. Its characteristics
and functions to date have shown it to have favorable posse
ibilities, and these facts are presented to potential users
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of the produect in much the same way as they are presented
here, in the hope Bhat one will find additional applications
for the product and strengthen its market for the future in
order to make 1t an indespensable raw material for industry.
The application research on this new product has only just
begun and only the years ahead will show how well it is
succeeding in bringing Teflon to the widest possible market
at a price that makes 1t available to all consumers.
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CHAPTER VI
COMPLETE UTILIZATI N OF MATERIALS

The phase of reasearch that 1s being discussed in
this chapter has only been in existance for a relatively
Short time. The increased amount of research being eonducted
at present was caused largely by production for the war effort
which consumed larger quantities of Amerlca's natural re-
sources than would have been used during a normal period of
busineas activity. Although the United 3tates is the po-
gssessor of some of the world's richest natural resources of
metals, o1l and timber, none of these are inexhaustible .
This Americe is realizing with a feeling of frustration as
it bends all the forces at 1ts disposal to try and stop the
depletlion of some of its more important raw materials,

The rav meterial which has been given the most
publicity in this regard 1s petroleum, which will be dis-
cussed in greater detall in a subsequent chapter.l Another
major source of raw materials, though not given as wide
publieity, 1s the Amerlcan forests, and & third natural re-
source that 1s dwindling fast 1e that of iron, where state-
ments have been mede to the effect that the Mesabl range has
only another decade during which the mining of iron ore will
be an economical operation and United States steel manufag-

1 Chapter VIII
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turers are seeking reserves of iron ore known to be avall-
able in lLabrador, ﬁonozuela and the Canadian Shield.

With this somevhat insecure situation as the oute
look for so many important raw materials of industry, it is
only too obvious that something drastic had to be done.
These raw materials are one of the most important factors
which make the American system of free enterprise what it
is todey and without them the management of the industries
that ecomprise that system would be hard pressed to keep
their competitive position. Research has been called upon
to help in this crucial situation and has come up with a
eoncept that was unknown before in the eyes of management.
This is the conceépt of "complete utilization" as stated in
the title of this chapter., This utilization refers not only
to the raw materials themselves, as explained above, but
also to the by-products that result as a part of the process
of manufacturing the final product: In contrast to the manu-
facturing industries, where waste and scrap can usually be
utiliged in 1ts original form, the waste of the chemical and
process industries has uaually to be converted by further
processing till it is in the form of a usable product. It
ia the research involved in this further processing of wasébe
that constitutes the second half of the "complete utilization"
referred to above.

A. Utllization of Raw Materials

As stated above, one of the most obvious wastes
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in the utilizatlon of raw materials oceurs in the timber
industry, whether the wood be used for construction, or as
a rew materlal for such industries as rayon, cellulose, pulp
and paper., Detalled studles have been made in the Douglas
fir regions of the Pacific northwest which indicate that 20%
of the original timber stands have been left after logging
operations in the form of defective logas, broken tops, split
logs, knogked-over trees and windfalls, and that 19% of the
sawmill reslidue produced by the various operations conducted
there are never used. Th§ huge quantitiea of these waates
and the values to acerue from thelr conversion to desirable
products have lately been given much publiecity in that indus-
try. It 1s partly for that reason that waste utilization |
has been consldered an essential feature of the conservation
and developement of the nation's forest resources which
offer such a2 bounty of raw materials to industry and are
therefore part and parcel of management's daily‘problemu.
The two major sources of raw materlal wastage in
the timber industry are the waste wood of timber stands re-
ferred to above and the sawdust which results from the
ecutting and siging of the timber in the lumber mills, These
two types of waste are utilized in entirely different ways,
each the result of many years of palnstaking research, cule
minating finally in a process that produces & product that
has commerecial posslbilities and results in considerable
financlal geln to the entrepreneur. Vhile the timber stand
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wastes are usually converted to hardboard or presswood
panels for the sonstruction industry, as illustrated by
the produet Masonite, the sawdust is made into industrial
earbon or utilized as a raw material for verious industrial
chemicals by a process known as fluidizatlion, previously
utilized by the petroleum industry exclusively. Masonite
has been produced on & commercial scele ever since 1925 and
since then has seen many improvements in its properties and
adaptability. The carbonization process, on the other hand,
has only been in commercial production for less than a year
and the research and developement of this method of utiliza-
tion is therefore given in considerable detail in order to
demonatrate the functioning of research in its attempt to
21d menagement in the solution of the problem of "complete
utilization”. \

Carbonigation of Sawd and the duetion of Chemicals.>

A critical shortage of certain types of industrial

carbon is developing in some parts of the world. One solution
to this shortage lles in the utilization of the waste products
of industry and agricultures The Stanford Research Institute
of Stanford, California, has developed a proceas that answers
the need. Using the technique of fluldization, controlled
carbonization of finely-divided, carbon containing materials
has been achieved, and carbon and chemigals produced.

l, Pamphlet of Stanford Research Institute




111

Fluidization is the new technique that has been
extensively developed during the last ten years by the pet-
roleum industry for the more efficient catalytic cracking
of petroleum. This developement represents cne of the out~
standing achlevements of technical research in the chemical
and'proaesa industries in recent years and is explained in
some detall in Chapter IV.

In addition to the catalytic creacking of petroleum,
new uses include the catalytic oxidatlion of naphthalene to
phthalie¢ abhydride, previously made by a complex synthesis,
the caleining of lime, the modified Fischer-Tropsch proceas
for the synthesis of gesoline, discussed in greater detall
under the section on the production of oll from other sources
besides natural 911,1 and the gasification of coal, The
poesiblilities for future usefulness of the technique of fluld-
izatlion are great, and 1n the next decade greater efficliency
wlll be gained in processes that can take advantage of fluld-
ized systems.

One of the promising applications of fluidization
is the carbonizatlon of waste produects of the lumber industry.
The decreasing supplies of timber and the eontinulng induse-
trialization of the world make it increasingly important to
utilize a greater portion of each tree., Carbonization is

one of the most promising methods of converting wood wasteas

1., 3See Chapter VIII
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into a serles of valusble products, such &s chargoal and
chemicals. The characteristics of a fluidized bed meke
fluidizetion perticulsrly suitable for carbonization of
gaw dust and other wood vastes.,

In its research the Stanford Research Institute
utilized kiln-dry redwood sawduat as the raw material for
cerbonigzetion. Redwood was selected to make these teats
since this wood contains large quantities of valuable
phenolie chemicals, In addition, large quantities of red-
wood wastes are availadble in the Pacific Coast area of the
United States, where a carbon shortage exists.

The carbonization experiments have definitely
shown that sawdust oan be fully or partially carbonized by
fluidizations The results of these experiments also show
that the distillation of wood chemlcals proceeds very rapidly
end that chemical condensates are produced that zre primarily
clear liquids. The results of this exploratory program
indicate the practicablility of a fluldized carbonization
process. A high-quality charcoal was obtained whigch appears
to be sultable for many industrial carbon usea., Preliminary
tests on briquetting the chars were also extremely satisfactory.

The process for the Fluidized carbonization of red-
wood sawdust appears egonomically sound., Sawdust and other
redwood wastes have only & limited velue as a fuel and there-
fore are cheap raw materials for the process. The demand

for chareoal is substantial on the West Coast of the United
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States and will increase rapidly as more of it becomes
available end as the more expensive forme of carbon are re-
placed. The chemicals will elso supply a strong demand in
the United States West Coast area.

High ylelds of phemnolle chemicals produced in the
process will find ready markets. The gas products of the
reaction will provide the hecat necessary for the endothermic
reaction, and the excess willl be utilized for pre-drying the
sawdustj therefore, no additional heat will be recuired for
the reaction. Plant eonstruetion will be simple and the cost
lows The labor requirements will be small because of the
simplicity of the operation and the fact that the process
is continuous. No serious flaws have been found in the pro-
cess to date. The construction and operation of & commercial
plant is an immediate possiblility as 1s demonatrated by those
that have already been bullt since this process was perfected.

Further processing of the charcoal 1s a possibility
in the developement of the process. MNuch work has already
been completed on the activation of charcoal in a fluidized
bed. A commerecial plant has already been constructed in
France. Results to date indicate higher erficienoy,‘hut\er
quality, greater yleld, and closer product control than from
conventional methods., Other further processing of the chare
coal to be c¢onsidered include grephitization and impregnation.

Application to wood wastes other than redwood will
recelive attention in the future developement of the fluldized
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carbonization process. Some of the more important of these
vastes are from pine and fir treess The tonnage of wastes
from these trees alone exceeds all other wood wastes in the
I'mited States. Controlled fluidized earbonization of pine-
tree wastes may be expected to furnish large q;lntities of
turpentine in eddition to the usual wood chemicals such as
methensl, acetic acid, and acetone. The fluldized carbon-
ization of pine and fir wastes can there be seen to be a po=
tentially large new industry in the United 3States.

A number of agricultural wastes constitute another
source of a promising raw material for carbonigation by the
fluldization process. Peach and apricot pits and nut shells
are examplea of agricultural wastes that are presently being
carbonized in batch processes. The use of fluidlization
should offer better carbonization efficiency. Vaste agricult-
ural products having no present use or value should be evalu=-
ated as possible raw materials for this process. Each waste
must be considered individually and the carbon and chemicels
produced from the waste evaluated in terms of the economy of
the products in a particular location in the world. Waste
produets do not constitute the only potentlial raw material
for fluldized carbonization. Wood, particularly in sections
where it is burned as a fuel (thereby destroying wood chemicals),
could be sucgessfully carbonized producing carbon and chemicals.

It is known that the chemicals cgontained in wood
eould be the basis of a large chemlcal industry if the various
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chemical components could be obtained and separated econom=
ically. In the fluidized carbonization of wood, a method
has now been developed whereby the chemical content of trees
can be more fully utilized. The simultanecus production of
carbon in this process is & possible solution to the problem
of ecarbon scarcity in certain sections of the world. The
application of this process to carbon-containing materials
other than wood may well provide the basie of a new industry
for the production of ecarbon and chemicals, and may assist
in the development »f the industrial potential of agricultural
reglons,

The above analysis 1llustrated in considerable de-
tail the research involved in the fluildigzed carbonigation
of sagdust and the numerous useful products that are obtained
from the process, Materials thet would have otherwise @one
to waste are belng utilized to start up completely new indus-
tries, to bring additional products to the market and to
bring considerable financial galn to a management whose préfit
margin 1s eontinually deecreesing. Although this 1s at present
the moat important disecovery in the fleld, there are numerous
other methods of utllization of primary timber waste, a num=-
ber nf which are discussed in the paragraphs that follow,

The Oregon Forest Producta Laboratory has proceeded
on similar lines as the Stanford Research Institute in pro=-
dueing carbonized saw dust or softwood charecoal. They, how=

ever, are producing the same endproduct by means of a retort



kiln, and sre putting thelr chercoal into the form of
briquettes whieh sre distributed to industriel users for
triel purposea, They have already been found to have pare
ticular properties for use in electro-metallurgical plants
established near hydroelectrie power sources in the Columbla
Basin, in electric furnages, in foundry work and imn the
manufagture of earbon disulfide.

2, Weate Utiliged by I a
Annther form of sawdust utilizati n has come about

through the greater use of waste wood, in the factory and
mill, by means of integrated operation, where the research
has been in the form of balaneing the production of the
integrated parts so as to achieve maximum benefits. A good
1llustration of this is & pulp mill set up in conjunction
vith 2 lumber mill., One such mill opened in 1949 in Spring=
field, Oregon, &a the latest in the group of Weyerhacuser
Pulp Division pulp milla. This Springfield mill will meake
150 tons per day of kraft contalner board. Simultanecusly
with the construetion of the container board plant there

was bullt 2 saw mill and remanufacturing plant to handle
300,000 board feet per day. The by~products of the saw mill
are the raw materials for the pulp mill, The gize of the
sawmill was eatablished by the amount of timber which waa

1. Pamphlets of Oregon Forest Products Laboratory (see

Bibliography)
2, Chemiecal and Engineering News, Jemuary 2, 1950
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availlable from the company's holdings on a sustained yleld
basies. The size of the container board plant, however, was
eatablished on the basis of using the by-product material
svallable from the saw mill and logging operations of the
eompany, together with farmer logs, trim, edgings, and slabs
from other sawmills in Lane eounty where over 100 sawmills
are located.
Bs _Chemicals from Woéd Wagtosl

Wood ranks next to coal and petroleum as & raw
materiel for the producstion of chemicals and has certain
advantages over boths The chemiecal processing methods are
still in their infancy but there are a number of chemicals
that have been produced from wood since time immemorial and
others that have only lately been extracted as a result of
a grest deal of research on the subject. In the former
category are the tanning chemicals from the bark of the oak
and hemlock and rutpentine, while among the chemicals to be
produced from wood within the past decede on a pllot plant
acale are ethyl aleohol, furfural, neutral oils, eyclic

alechols, and liquid fuels. A large amount of these chemicals

are derived from the bark of the trees which in the case of
the Douglas fir has & content of extractives upto 30%.

4. Utilization in the Hardbosrd Industry-
The timber stand wastes are utilized largely'in

ls Chemical and Englneering News, June 27, 1949
2. Pamphlets of Masonite Corporation
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the form of hardbnard as mentioned previously in connection
with Nesonite. The masonite process, because of its unique
method of converting forest products to hardboarda, with a
utilization of 65-70% of the log, imeluding the use of iogl
that would ordinarlily be considered logging waste, together
with the relatively unadulterated release of the hemlcellu~
lose fraction as a by-product, achleves a total wood utiliza-
tion of elose to 90%., This may be favorably compared to the
utilization of the other industries using wood as a raw ma=
terizl, where the lumber industry utilizes 3*5-50% of the
log, the pulpwood industry 40-50%, and the veneer industry
45-65% of the log entering the mill, after having only brought
approximately 80% of the timber stand to the mill and leaving
the remainder as waste.
5. Pulp and Paper from Desd Timber®

As a firal example on the utilization of timber
stand wastes there 1s the proposed pulp and paper mill along
the Colorado River between Rifle and Glenwood Springs. This
mill would utilize willions of cords of dead timber from the
forests of western Colorado-timber killed by beetlea. The
utilization of this wood has involved econsiderable additional
research on the part of the paper manufacturers and has re=
sulted in a process that willl produce & product as good as
any produced by using high grade lumber as raw material,

l. Chemicel Engineering, January 1950.
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The mill will stake Colorado to & new industry with a pay-
roll of more than two million dollars a year, and it is es~
timated that the mlll could operate for more than thirty
years on the timber in the reglon. A pulp industry would
booat population in the mountain area by an estimated eight
thousand. It would mean a §150,000 annual expenditure ine-
erease by the company on roads in the forest areas, and the
gounties would get mumdreds of thousands of dollars from the
eompany over & thirty year period for tlmber cuts and forest
fees.

Be Utilization of Process Yastes

“hether a chemicel plant lies deep in the heart
of & big eity, along & major river, or a bubbling brogk, the
disposal of liquid wastes has elways been a mejor problem to
managements The seriouaness of this situation was emphasiged
a year and a half ago when & Federal lav was passed glving
ald to 3tate and local agencies in enforeing pollution laws
already on the books, and aparking the passage of many new
regulations. OCltlez which once took almost any industrial
wastes into thelr sewers are beginning to realize the cost
and are asking industry to share the burden,

Management in the chemical and process industries
is now face to face with this situstion, and although many
of them have for years been debbling with the idea of waste
didposal only too few have found a solution to their problems.
Those industries having the greatest ligquid process waste




problems are that of pulp and paper, graln liquor, and ateel
galvanizing.

The problem of liquid process wastes may be solved
in one of two ways. The first, and that most often used, is
to treat the wastes in such a way that they either lose their
harmful effects in the streams or rivers into which they are
dumped, or produce a final product that can be sold on the
market to serve a specific purpose and whose sele would at
leaat cover, if not bring a profit over, the coat of pro-
dueing 1t. The second method, and one that has only rarely
been found, 18 to change the actual manufacturing process
in such a way that actually no wastes are produced and all
materiesls produced are converted back to products that can
be utiligzed in the plant itself, thereby saving large sums
6f money in the purchase of raw materials and the lack of
disposal problems,

Quantitatively speaking the largest amount of
liquid process wastes ocours in the pulp and paper industry,
where, for every ton of wood converted into pulp by the sul-
phite process alone, another ton 1s discarded - most of the
dlseard being in the form of lignin and wood sugars in the
waste lliquor. More than two million tons of solids per year
are thus run into the streams and rivers of this country and
lost to the manufacturer forever as a source of raw materials.
To help solve these problems which exist throughout the length
and breadth of the United Statea in the pulp industry the
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various pulp produeing companies have banded together end
formed the Sulphite Pulp Manufacturer's Research League,
situnted with 1ts research facilities in Appleton, ¥Wisconsin,
the largest pulp produeing State in the country. The League
was organiged in 1939 with contributions of 10¢ per ton of
pulp produced by every plant, which resulted in an income of
approximately §65,000 a year, but due to the increased re-
quirements of the research starff this quota was ralsed to

27 & ¢ per ton in 1049,

1. Yeast Converts Hasgg_gg_gﬁggkgood.a

The constituanta of aulphite liquor that cause the
greatest esmount of harm are the somewhat 1Qnocent-sound1ng
wood sugars, and not, as is usually the belief, the atrong
chemicals used in the pulping process. The cause of the
trouble in regard to the sugars lies in the fact that aquatie
miero-orgaenisms already in the streem into which the weate
liguor is lead flourish on the sugar and are stimulated in
thelr growth and multliplicatlion. As the orgenisms multiply
in still or small waters they reduce the blologicel oxygen
of the airaam below the levels needed to sustain fish life
which either migrates to better waters or dles.

Industrial research has found a proceas for obtain-
ing feed yeast and feed proteins from waste sulphite liguor
at competitive costs utillizing the sugars that are in it.

l. Busineas Week, February 5, 1949

2, Business Week, November 24, 1945; November 9, 1946}
February 5, 1949.
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This method employs none of the standard commercial yeasts
but rather s type of wild yeast kmown as torula, which when
dried makes a valuable vitamin and protein supplement for
livestock and poultry feed. Besides being high in vitanin
content the product is only missing one of the essential
amino acids from the proteins, which, however, can be easily
and cheaply added to the endproduct.

Yeast production of stockfeed from sulphite pulp=
ing waste liquor is not new and has been employed in Europe
for many yeers. This produet from German pulping mills was
used throughout the war for army horses and after the war,
during the drastie food shortages o»f 1945-48, almost excluse
ively for human food. Similar feed constituants have been
used a great desl for dairy and meat production in the
Scandinavian countries while the war cut off normal_aourosi
of feed. But European processors of waste sulphite pulp
liquor face no such low=gost competition as the warlious
American sources of feed supplement for animal and poultry
eonsumption, supplied largely by the liquor manufacturers
in the form of the nutritive elements from spent grain
liguors, and the waste products remaining after the production
of ethyl alcohol from Cuban blackstrap molesses.

The Americen process has for the first time brought
the price of the feed to & level where 1t can compete with
the products of the other industries as mentloned above.

¥isoonsin pulp mills that supported the original research
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can produce 25,000 tons of feed yeast and feed proteins a
year by this process, although at present only one plant is
produeing it on a trial baslis, which hes, however, proven
the feasabllity of the proceas and 1s manufacturing about
1,200 tons per year. The large Wisconsin daliry industry
offers a handy market for the local mills which will commence
expansion on that line in the very near future.

2. Fermentation of VWeste to Ethyl Aloohol.l

In Germany and some of the Scandinavian countries
alcohol 1s made by the neutraligation, fermentation, and
distillation of the waste liquor from sulphite pulp mills,
Attempts have been made to produce aleohol in the United
States by this method but the cost had always been gonsider-
ably higher than that for producing the same product syn=-
thetically or from molasses. Considerable research on the
methods of productlis>n and the chemistry of the process has
resulted in the discovery of a new method for producing
ethyl aleohol from waste ligquor, and at present & plant is
in operation in the remote Northwest, in Bellingham,
Washington, produeing two million gallons of alechol annually.
The reason for this location is twofold. In the first place
it is right in the heart of the pulping country, and waste
liquor is expensive to transport due to 1ss bulk, and second-
ly it 1s far removed from the Cuban sugarcentrals which

l. Business Veek, November 24, 1945; Luerative Lignin by
Allen Abrams
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makes the price of aleohol from that raw material relatively
higher in the area,
o Lignin emical e 1532_313@_5_23&33212

The lignin end cellulose fractions, which make up
the other half of the waste liguor, alas have various methods
of utilization, some of which have been used for some time
while others are only just seeing the light of day. The
beat known of the products that has been made for quite some
time from thia fraction 1s vanillin, the fragrant constituant
of vanilla flavouring. The production of vanillin, however,
only eonsumes & fraction of one mill's waste liquor in com=
pletely satisfying the requirements for this flavouring ma-
terial in the United States. TFor this reassn some people
are of the opinion that lignin may be a rival of coal tar
in the field »f intermediates for other products, The
vanillin, or vanillie aecid, which is its original form, also
has posaibilities in the fields of dyes and plesties, which
are, however, relatively new products and have not as yet
been produced on a >ommercial scale, This short referrence
to the subjeoct 1s evidence enough that there are great posens
tialities in this fraction of waste liquor. ©on top o} the
work that researeh has already completed, it 1s progressing
at a rapid rate to produce more and more ways of utilizing
1ignin and to give this seemingly unlimited raw material a
market.

1. Inid




125

b, Tall 011 from Kraft Mill Waste.r

Having discussed the ulilization of waste liquor
from the sulphite pulping operation in eonsiderable detail
it 12 intereating to bde able to compere it with the products
that can be produced from the waste liquor of the sulphate
pulp industry. This process produces kraft paper and usea
the pine tree as 1its source of pulp, the 1ﬁduntry in this
country centering largely around the areas where the southern
pilne growa. The kraft mills pulping southern pine require
4,500 pounds of wood to» make one ton of kraft, which is less
than a 507 yleld. This can therefore be seen to be one of
the largest sources of supplementary raw material in industry
today as there 1s no immedlate shortage of pine for the kraft
industry and the tree can eesily be grown on extensive tree
farms.

The ma jor produect recovered from kraft pulp licuor
waste is tall oil. The tall oil recovery process was first
developed in 3weden about thirty years ago. However, the
ploneer of the industrial application of the process was the
Spangenberg ¥erke, Hamburg-Fidelstadt. Germeny processed
12,000 metric tons of tall o1l a year during the war, Al
though the process was not brought to the United States until
the middle thirties this country was producing 10,000 tons
in 1937 and ten yoars later had inereased production to the
phenomenal quantity of 125,000 tons a year. The time 1s not

l. Chemical Engineering, May 1948; Pamphlets of Netional
Southern Products Corporation



too far distant that the rapidly expanding sulphate pulp ine
dustry may be recovering a total of 200,000 tons annually
from its waste in the form of tall oil., A ton of pulp ylelds
from 70«90 pounds of orude tall oil and a plant meking 1,000
tons of pulp & day ean recover from 35-45 tons of erude tsll
o1l from its sulphate waste liquor.

At the present time, largely through the research
of the three major tall oil producers, namely National Southern
Products Jorporation, Union Bag and Paper Corporation, and
Gaylord Contalner Corporation, during the greater part of
the war and lmmediately after 1t, there are some forty two
industries which use tall oll for a varlely of procducts, a
‘numbeyr of which are mentioned briefly hereafter. Tall oil
is used as a combined emulsifier and adhesive in certain types
of industrial sprays and weed killers. it is used in the
manufacture of low prieed soaps and disenfectants for the
farmer and as a cattle spray. In the line of asphalts, tar
and piteh, 1t is blended with bitumens or pitches to provide
compounds having sapeclal propertles such as roofing formulae
tions, asphalt flooring compositions, and in crack and joint
filling ecompounds, It 18 used in the manufacture of soap
base asphalt emulsiona in the highway construetlion industry
and extensively in road paving additives for asphalt and tar
to improve the coating and antl-stripping qualities of the
bitumen when mixed with erushed stone, gravel and sand in
either the wet or dry state. In the chemical field it 1is
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used as a source of fatty acids and higher alcohols for the
pharmageutical and related fields. Tall oil is finding more
and more applications in the foundry as a component of core
oils, and also as a component of oilewell drilling muds where
it increases the efficlency of such materials by greatly re-
ducing the water loass in the drilling operation. While on
this topic it might be mentioned that the oil is also used
extenalvely as a flotation agent in the concentration of ores,
In the manufacturing of linoleum and oileloth large amounts
of erude tall oll are used for bese materials and refined
tall 21l1s are used in the linoleum industry ss esters where
eolor is important. Tall oil is saaponifled or sulphonated
and uséd 1o cuttling oils, lubricants, and soapa for metal
cleaning. One of the largest users of tall o1l is the raint
and varnlish industry, where it is used for esters and as an
emulsifying agent for water base paints. Tell oil is also
used as a textile processing oil and in the paper, plaastie
and leather industries.

The greatest asset in the utilization of tall oil
in comparison to its competitive products is the fact that
even alfter the addition of reegents the esterified product
sells for less than these products, fets olls, and fatty acids.
During the war, when supnlies were short and supplies for oils,
fats, and fatty acilds were great, considerable teating in the
laboratory and in the flelds proved that tall o1l had Proper=

ties which made 1t suitable in enumerable applicationa. Soon
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technical men realized that thile interesting mixture of
fatty eclds had meny practical uses in industry and tall
01l took its rightful plage amongst stardardized industriasl
raw materials. Since 1946 the "subatitute™ consumers of
tall 211 of the war years have disappeared and this by=-
produet of the kraft paper industry has come of age and in-
ereased 1its applieations gonsiderably by the further research
of the orgnniz;tiona mofitioned previously, who are among the '
largeat producers of tall oil in this country.

. Trocess Yagtes 1 e 1 X

The chemical and progess industries, however, are
not the only onea that have weste dlsposal problems of a
chemlonl nature, which have been sclved by chemical research.
This fact may be brought out by the example of the steel in-
dustry where one of the major wastedlspossal problems is that
of pigkle liquor-and zine waste, a byproduct of the galvane
1zing of the steel.

Jteel 1s cleaned in strong hot solutions of sule
rhurde apld which in the process of cleaning dissolves some
of the iron. The resulting sslution of ferrous auviphate is
very difficult to dlspose of and the 3States are inalsting
that 1t shall not be dumped into the stresms. The conven~

tional way of disposing of the spent pieckle liquor is to
neutralize 1t with lime., but besides being very coatly this

l. CGChemical Engineering, l'arch 1949.
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method still leaves the problem of getting rid of the sludge
that results.

To cope with this problem the Wheatland Tube Company
of Wheatland, Pennsylvania, spen! many years of research on
devising a method of disposing of the spent pleckle lliquor in
some wat that would not only get rid of the harmful character-
isties of the liquor but would also produce a product that
could be sold on the market at a profit. This research was
finally chrystallized in the form or.tho process and plant
of the Maneely Chemical Company, & subsidiary of Wheatland,
which processes the latter's spent pickle ligquor and zine
vaste to form three salable products.

The three raw materials for the new plant are the
spent pickle liquor, zine waste and chlorine. The spent
plckle liquor comes from the plant in which the steel pipes
are pickled before being galvenized, this latter operation
furnishing the zinc wastes in the form of sal skimmings and
raw ash, The only raw material for the reaction that has to
be purchased is the chlorine which is received in tank cars.
In most cases the zinc wastes are sold for only a fraction
of thelr zinc value and it is this low price for zine that
makes the Wheatland plant profitable. Every pound of zineo
that enters the plant leaves either as zine chloride, zine
sulphate, or as metallic zinc.

The process itself results in all the raw materials
ending up as salable products. The iron as ferrous sulphate
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in pickling adid reappears as the iron pigment, ferric hy-
drate. The sulphate of the plekle liquor furnishes the sule
phate radical for the zinec sulphate. The chlorine appears

as the chloride radical of zine chloride and the zine appears
in the zine sulphate and zinec chloride in & reacted form in-
stecd of as & metal., Current sales price for the last two
nemed compounds 1s $7.00 per 100 poundsl, which give a very
good eatimation of the sales value of these products. The
ferrie hydrate 1s used in the Wheatland plant as an iron
pigment.

Just for the disposal of the waste products men-
tioned above this seems to be & long and complicated chemical
process, But it muat be recognized that most industrial wastes
are chemicals of low market value. The best way to dispose
of these unwanted chemicals 1s to convert them into markete
able products and this is largely what the new Wheatland
plant has accomplished.
6s Sul Regovery in the Petroleum Indust .2

Returning to the chemical industries, the petroleum
companies are faced with the problem of dispoaing of two
products which result as part of the refining process for
the oil or nmatural gas. One 1s the hydrogen sulpfide gas
extracted as a waste product from "sour" natural gas and the
l. Chemical and Engineering News, January 23, 1950

2+ Chemiecal and Engineering News, June 20 and October 10,1949
and Chemical Engineering, November 1949,
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other 1a the acld sludge remaining from the treatment of
petroleum with sulphuric acid in order to remove the evil
smelling mercaptans on the way to produce refined gasoline.
Both these products are treated 1in such a way as to produce
elemental sulphur as a final product, while in the case of
the gaseous waste a "sweet" processed ges is made available
which ean be used as & fuel.

The process of extracting sulphur from hydrogen
sulphide was first patented in England by C. F. Claus in
1882 but it was not t1ll the middle thirties of this century
that research had found an economical method for doing the -
Job in order to produce a prodﬁct that could be aold at a
profit. Due to the fact that 1t was always largely dependant
on imported sulphur Germany produced 50,000 metriec tons in
1938 from eoke-oven pas (also containing large quantities
of hydrogen sulphide) using the same method:. Methieson
Chemical Corporation, through the acquisition of Southern
Acid and Sulphur Company, Inc., in February of 1949 obtained
the only two plants in this country with a record of succesas-
ful operation in the high recovery of elemental sulphur from
hydrogen sulphide which had been operating for six years,
Aeccording to Mathleson, thelr process 1s more economicel than
the German method.

Starting with the simple reaction of hydrogen sul-
phide and sulphur dioxide, the complicstod. modern engineer-
ing data was worked out at the Ojio State University,ard
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employed by Southern Acid in thelr Arkensas plants. The
hydrogen sulphide stream of the "sour" natural gas is divided
into two parts, one of which ia converted into sulphur di- .
oxide:. The sulphur dioxide and the remaining hydrogen sule
phide are then recombined in the presence of sultable cat=-
alyste and at a highly controlled temperature for & definite
perinod of time. The contact time, sensitive temperature con-
trol, and catalytie action make this process an extremely
delicate technologleal operation, although the chemiocal re-
sction involved is falrly simple. Difficulties encountered
in eocordinating these three factors to produce worthwhile
yields had prevented earlier commercial priaduquon, although
Southern Acld was the first to attempt this process on the
North American Continent, which they did in 1887.: The final
product resulting from this process in the Mathieson planta
is 99.977¢ pure sulphur, at present selling at a price of $3.85
per 100 pounds.1 A plant working on the above mentioned
method has produced as much as 300 long tons of pure sulphur
a day, which when compared to the price that it sells for
makes @& sizable income for a plant of this tyve.

In the other process acld sludge remalning from
the treatment of petroleum wlth sulphurliec acid or alkylation
acid, by-product from the alkylation method of producing
high ooctane gasoline, may be used. The acld materilal is

l. Chemical and Engineering News, January 23, 1950,
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fed into a vertical kiln containing a bed of glowing ecoke
of fuel end is decomposed to yleld the sulphur dioxide and
coke, together with other gasea, The coke formed from
sludge is deposited on the coke bed, where some of it 1s
used as fuel, end the remainder is removed as product.

The sulphur dloxide 1s then purified and reduced
to sulphur through the use of hydrogen sulphide, other gases,
or ingandescent ecoke. Where both acid sludge and hydrogen
sulphide are avallable at the same refinery, the hydrogen
sulphide may be utilized in the acid sludge process. A feature
of the process 1a that variations in feed may be readily
handled and the sulphur dloxide to hydrogen sulphide ratlo
from the raw meterisls may vary widely without effecting
recoveriea.

7. _The Wood Gomservationist's Dream.’
Having discussed various methods of utilizing

wagste liquors of a chemicel nature reaulting from & number

of manufacturing procesaes it may be of interest to note an
example of the type of research that resulted in a completely
new process as a result of the problem of waste dlsposal,

The process ot present belng utilised at the Weyerhaecuser
Timber Company of longview, Washington, falla into this category
as will be demonatrated by the history and development of the
progess 28 glven below,

l. Chemical Engineering, December 1948; Business Veelk,
December 18, 19483 Pulp and Paper, November 1948,
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ATter ten long years of research, experiment and
equipnent development the month of Ogtober, 1948, saw the
start up of a full-gecale magnesia haase process recovery plant
whieh recovers heat and chemieals for operation of the sule
phite mill of the Pulp Divislon of Weyerhaeuser at Longview,
Washington.

In 1940 the Babeook & Wileox Company and Howard
Smith Paper Milla, litd., announced at the Nebruary, 1940,
meeting of the Pulp and Paper Industry in New York the results
of several years of joint experimental work and pilot plant
speration on a eyelie process of treating sulphite pulp
residual liquor involying the recovery of chemical in addition
to the recovery of waste heats The main departure from con-
ventinnal practise was in the use of magnealum oxide in place
of caleiuvm oxide in the digestera to gonvert wood chips into
sulphite pulp. This was based on the dilscovery by George Hs
Tomlinson, vice president of Howard Smith Paper Mills, Ltd.,
that magnesium, of all the chemlcal bases which might de con-
sidered for sulphite aecld, is unique in that when a magnesium
oxide base waste sulphite liquor is burned unier apecifie
conditions, sulphur dloxide is liberated and an ash can be
produced contalning highly reactive magnesium oxlde free from
magnesium sulphide. The sulphur dioxide can then be absorbed
in a slurry of the regovered magnesium oxide, thus meking
poasible a cyclic recovery process. Laboratory investigations
showed results sufficiently promising to justify the
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installation in 1937 of a pilot plant at the Cornwall,
Ontario, mill of Howard Smith Paper Mills, Ltd,, &8 an
intermediate step before undertaking the installation of
a full seale commercial plant,

Meanvhile the Weyerhaeuser Timber Company had
been investigating the possibilities of a magnesium oxide
bese sulphite seld, and a pilot plant was constructed and
opereted by YWeyerhaousor at Longview underthe supervision
of the Pulp Division Research Department directed by Rs S
Hatch. One commercial digestcr was operated for about a
yeer with magnesium base acid with recovery obtained in a
plilot plant furnaces

The common objectives of the companies involved
in a development of this process and the desirabllity of
\elimimting eny further duplication of effort soch lead to
collaboretion and the deecision that the first full scale
commerceial mill would be installed py Weyerhaeuser at Longview.
The declslon to undertalre this ploneering venture at consider-
able expense was in line with the progressive poliecy of the
Weyerhasuser managements B3Shortages of critical materials
and the participation of the interested companies in the war
effort considerably delayed the schedule for the new mill
and 1t was not until 1946 that construction was beguns

The chemicals belng recovered are magnesium oxide
and sulphur dioxide, which are reused in the digesters of
the Weyerhaeuser Timber Company's 275-ton bleached sulphite
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pulp mill at the Columbla River seaport. TFor the first time
in the 8l-year history of the bi-sulphite process magnesium
oxide has been used exclusively in place of the treditional
calclum lime, : o

But side by eside with the recovery of these chemicals
in the form of magnesium oxide dust and sulphur dioxide ges,
is the procduction of heet and emnergy which supplles & large
part of the necessary power for operation of the sulphlte
mill, These two poals are achleved in & seven-stege oylinde
rical process in which all waste cooking liquor is evaporated
and burned and the risidual dust and gas is trensformed again
into a strong rew acidé for reuse in cooking of ohips.

Obviously, there are many tremendously importent
implications for the future of the sulphite pulp industry in
this piloneering ventures It will be meany months, if not years,
before complete operating data is obtainable on the process,
but Weyerhaeuser spokesmen have already estimated the savings -
of this process on their final product as 34.50 per ton of
pulp produced, There are hovever, even at thls early date,
three major advantages to the magnesia base process whlch
will be its major selling point in the future. They are
Tirstly thet the chemicals used in pulping are recovered
Tor reuse, secondly that there 1s no waste ligquor disposal
problem, and thirdly that the heat energy produced supplies
most of the electrical energy that runs the mill, The system
also means greater use of wood products in that now the chips
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and waste wood that were normally needed for fuel to genervate
gteam and pover for the pulp mill go directly into pulpe

The advent of the magnesium bigulphite process hes
tremendous implications for the future of the sulphite pulp
industry due to its outstanding economies and produection
techniquens, As one technieal jourmal put it, "The packing~
house pig's unprocessed asqueal is nothing compared with what
happens &t the Weyerhaecuser Timber Compeny's longview,
Veshington, mi117,t

1. Chemicel end Engineering Wews, December 19, 1949,
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CHAPTER VII
GREATER OPPORTUNITIES FOR LABOR

The examples given in the preceding chapters have
shown that research was largely supported by management for
its direct beneflits to the plant or the industry as a whole.
The number of industries bhat have been created or have been
expanded through thia research effort has given employment
to meny thousands of workers, and thus it c¢an be seen that
labor has benefited by research,

Figures of the Bureau of Labor Statistics show
that the workers in the chemical industry recelve a wage
rate considerably above the average of other manufacturing
industries, This may in part be explained by the fact that
sbme chemical industries require very little manpower to run
the plants and pfooessea, and these few workers therefore
have a high degree of respohsibility and are pald accordingly.
On the other hand there are many industries, especielly in
the flelds of plasties, fibers, and pulp and raper, where
the labor situation is analogous to that of any average
manufacturing establishment. (see Table 4)

Not only have the wages been higher, but the labor
relations in all the chemical and process industries are very
much better than those of the other nanufacturing groups.
Although the chemical and process industries produce 20% of
this country's total of menufactured goods, the number of
strikes occurring in those industries was less than 137 of
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TABLE 4
WAGES OF INDUSTTRIAL VORKERS

IN THE UNITID S3TATES
194T and 1929

Average :
3 - 0.
0% 1949 1047 10h9
Industrial Inorgenic §1.38 $1.595 ¥55.65 {64.12
Chemicals
£11 Menufaeturing $1.24 $1r.407 340,97 355.72

Sourges GChemical and Engineering News, Jamuary 2, 1950: pge 13
(Based on Bureai! 5f labor Statisties Total Compensa-
tion Figures)
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the total occurring in the mamufacturing industrles,
Anvolving lesa than T7.5% of the workers in the latter
categorys This shows very dramatically that in order to
obtain higher wages labor does not absolutely have to zo

out on strike against its employers: This fact 1is proven
still further by the fligures which to to show that within
the last two yeare, with a gtrilke re¢ord as shown above,
the workers in the chemieal and process industries have
achieved a greater increase in wages than have the average
of the manufacturing group as s.vhola. (sece Table 5)

The worker in the chemical and process industries
is one of the very few in his clasa whose field of applica-
tion &nd usefulness has been continuously expending in the
past twenty years. This has been brought about partly by
the rapld expansion of some industries through the increased
demand for their products, and pertly by the discovery of
certein products and procesases arcund which completely new
induatries have been bullt, Although a number of thece have
already been mentioned in connection with previous chapters
£t will do no harm to emphasize them at this point, and also
to edd a Tew cases which hafe not already been mentlioned due
to thelr relative unimportances

The pulp industry in the South has been given s
certaln amount of publiecity in this regard, as the processes
for the utlliszation of southern pine and other woods has
brought a new source of employment and income to the southern
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STRIEKES IN THE UNITED STATES

FIRST 9IX MONTHS,1949.

Yorkers ¥an Days
No. of Involved Idle
Strikes (Thousands ) (Thousands)
All Imdustries 1,907 1,680 15, 000
Manufacturing 864 472 6,160
Chemicols & Allied 39 11 191
Paper & Allied 20 7 233
Products of Petroleum
and Coal 8 1 20
Leather & Products 39 12 185
Stone, Cley & Glass 29 6 46

Sourge: Chemical Engineering, February 19503 pg. 103
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laborers The latest development in this line 1s a new rayon
pulp mill, the first in the world to use an entirely new proe
cess to produce dissolving wood pulp. For the lirst time
hardwoods instead of softwoods will be used, and the rayon
pulp will be mede by the sulphate or kraft process inatead
of the traditional sulphite process.

The plant will start operation this year producing
300 tons a day or sbout 100,000 tons a year, and is being
erected by the Southerm Kraft Division of the International
Paper Oompany.l

Since the end of Vorld War 1ll, productive capacity
of the rayon yarn and the e¢ellophane industries in the United
States has been increasing faster than the supply of dissolving
woodpulpss Yhen International gets its new plant in operation,
it hopes to 1ift supply 167 above the output of woodpulp aa
produced in the begimnning of 1949, The new process, developed
by Internetional's Southern Kraft Division with the help of
Dr. Sigmund Vang and his staff of Industrial Oellulose Research,
Ltds, combines novel methods of purification and bleaching to
produce dissolving woodpulp for high-tensclity rayon yarns,
cellophane, plaatics and allied products. Thia new mill,
merely by the quantity of its production rate and the employees
it will engage will give the South's industrial and agrie
cultural economy another much needed boosts

1. Chemical Engineering, December 1948.
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hile tallking about the South it 1s well to montion
the research being conducted on various uses for cotton end
pearmut proteln, both of which are essentielly enormous sources
of rew materials for any future developments The major form
this research is taking i1s in the use of these proteins to
form fibera with speecial properties which can then be used
by the textile induatry, or the industry as & whole, in order
to utilige these propertiess Both these materials ere by~
products of two very important southern agricultural crops
and thevefore have the potentiallity of being able to revive
the industries commected with t.hemil

Before proceeding too far from the pulp and paper
industry another reference should be made to the proposed
pulp mill along the Colorado River which will be utilizing
millions of cords of timber killed by beetles. This plant
alome will increase the population of this sparsely populated
erea by an estimated eight thousand: The payroll of the
plant would exeeed 32 million a year and the effects of this
alone on the standard of living in the area can well be
imagined, These benefits to be derived from new industries
are only a few examples talen from a large list which would
of course include & large part of the prlastios industry, most
of the industry produeing synthetlic fibers, and many plents

producing new chemicals .2

1, Chemical and Engineering News, February 13, 1950,
2., 3ee'pege 118
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In order to live up to thelr slogan of "Better
things for better living & « » » through chemistyy” the Du
Pont Company employs & total of approximutely three thousand
technical and non~technical persons in their resesrch divi-
sions, The products that are produced as a result of the
worlk of this research force go to male up & large part of
the plastics induatry of today and are the sole basia for
the nylon industry, still a Du Pont monopolys This latter
product, employing & few thousand workers since its origin
ten years ago, may be sald to be giving employment to men
that would otherwise, theoretically, be out of a Job if ny-
1lon were nmot being produced at present. 8Similar research in
meny other companies hes resulted in a 13004 increase in the
production of plastica over the past ten joars and a pro-
portionate increase in the mumber of men employed in the
industry, ‘

All the ebove Pasts go to show that whille research
1# firat and foremost a tuol of industry to enable its verious
component perts to keep thelr place in competition between
MGlﬁ, it 1s of major lmportance to the economy of the
country as a whole in that it supplles jJjobs and wages for workers
that would otherwise be out of work or have to be satisfied
with a wage scele considerable below that which they are
receiving at present.

1. Ohristian Selence Monitor, September 21, 19483
Pamphlet of Modern Flaatics, Inc. '
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URAPTER VIII
RESEARCH AND RATURAL MATERIALS

Economigally speaking this country is blessed with
some of the world's greatest nmaturel resources in the form
of metals, oll, and wood and cotton. It has been America‘'s
greeteat pride to be able to utilize this natural bounty in
producing an industrial system that has no rival anywhere
in the world., It must however be realized that production
of moods from natural materials also has its drawbacks, and
to meet some of theme deflclencles researeh has been called
upon to improve the qualities of the products made from these
materials, to diversify thelr application and to find ways
of assuring a continued supply of theze materials to producers
ani conaimers in the future. The lest named toplc was dealt
with in part in Chapter VI, where research was demonatrated
a3 being the means of assuring & contimued supply of timber
from the utilization of materials that would otherwlse go to
waste, This chapnter, on the other hand, will attempt to 1llus-
trate the fields of research that are improving the properties
of the matural materials, such as timber, wool, cotton and
gilk,

A. Improving Performance and Diversifying Application

The research being carried on in an effort to im-

prove the perfornancé of this country's natural materials

in their various applications is endless. However, there



are not .tao meny »f these that gould legitimately De included
under the heading of beling research for the chemiecal and pro-
eoss Industries, and 1% has therefore been found necessary to
1imit the number of exmmples to be covered by dlviding them
into two major fields.: One of these is the impregnating g;‘
wood im order o preserve it from attack by the elements and
by insects and orgenisms, while the other is concerned with
the improvement of the characteristlic properties of osur every
day Tibers, meinly cotton and wools A8 rayon and silk are
8o much alike they will be sovered together and alihiough ray=
on is a man-made Tibeor, for the purposes of this chapter it
is being inecluded with the other fibers due to the fact that
next to cotton it is the nexdt most important fibers To
faclilitate the presentation of the results of research in
this connection the chapter gub-titles will de deasignated Dy
the trade name of the product that has been producsed by this
research and which imparts to the product the characteristics
referred to therelns

Santophen 20 1s the name the Nonsento Chemical
Company has glven to the chemical, pontechlorophensl = re=
ferred to in this artlole as Penta. The name pentachloro-
phenol comes from the two chemigals 1t is derived from,
ehlm'in: and phenol. These two materials, when chemically

1. Pamphlets of Monsanto Chemical Company, Organic
Chemicala Division ¢
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eombined are highly toxic to termites, Lyetus powder post
beetles and wood destroying organiams.

Penta was first discovered in the University of
Leipzig in 1841 by Otto Erdmamms As happens with many dige
coveriea which are made as & by-product of another activity,
Erdmamm did not Inow the true structure of the product, and
misnamed i1t. FPurthermore, Perte was insignificant in the
realms of chemiatry till 1% was produced sutside of the
country of its origin, namely Americas

In 19351 the lonsanto Chemical Company, inteoreated
in chlorinated chemicals, went to the Forest Products labore
atory at Madison, Wisconsin, to determine 1f the Divislon of
Forest Pathology would be interested in testing some new '
chormicals a8 wood preservativess Included in the group wes
one }:mz:m aa pentachlorophenols The results of the blo-
logicel tests conducted at that laboratory were presented
before the American Vood-Preaervers Assoc¢lation in 1972 and
this paper may be lookked upon as the first conerete step in
the development of this important chemical, The work that
vas started then led to more and more study of the compound
and others closely related to its In 1935 another paper
presented before the same Assoclatlon compared & number of
theae compounds, bHut the true value of Penta was atill not
demonstrated although it was clearly indlcated that it had
potentialities as a wood preserveative.

After proving in the laboratory that Penta protects
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wood, Monsanto resear¢h chemists went out of doorss In 1936
and 1937 thece !'onsento c¢hemista took some 4 x 4 Southern
Pine posts and pressure treated them with Penta: They stuck

the posts in teast plote in Florids, Mississippi, and Louilsians,

in soll that encourages intensive wood decay. The ground in
those areas is infested with termites. Periodieally, the
treated posts were examinad to find how well they were re-
sisting attack: In 1948 - twelve years after they were firat
installed - all the posts were still in good condition. The
Penta treatmert which prevented the posta from rot waa also
found to protect the wood from termite attack: At the same
time as the treated posts were set out, untreated posts were
put in along with thau. All the untreated posta became un=-
serviceable within t.hm years,

Meanwhile, industries woriing with wood began to
recognize the value of Penta treatment. In this regard Penta
entered the wood preservative fleld through the non-pressure
application methods The Tirst recognition came from the sash
and door industry wvhen the National Door Hamufagturers Associe
ation set up a Preservative Standards Advisory Cormittee,
whose function was to advise the Assooclatlon on sultable pre-
servetives for treating sash. In 1938, 8, 0. Hall, Secretary
of the Assoclation, announced the preservative minimum stand-
ard of the Asgociation, and for the firat time pentachloro=
phernol was an appmm preservotive. Today most sash and
doors are Penta treated.
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During the time this development was in progress,
pole treaters were also studying the use of pentaghlorophenosl
as a preservative for poles and orossarms, Reports from such
companies as the Consolidated Treating Company and the
Southern Californie Edlson Compeny begen to appear, and other
pole treaters began to advertise poles treated by the non=-
pregsure or pressure methods using Penta, As & result of the
cooperation Detweon tpeaters and the Bell Telephone Laboratories,
various species of wood have been tvm‘bad with Penta in
petrolcum oll.

The cleanliness of the Penta-treated poles has
appealed to treaters and users as well as to linemen, and the
use of Pente with crecsote to give a greater protective power
to wood thus treated, has caused Penta to grow in popularity
with pole users to such an extent that in the Unlited States
in 1947 (the last time that such data was collected), over
one fifth of the poles treated gontained Penta either as the
total active preservative or in combination with creosote,
and this only a few years after its general aceeptance by
the industry. ©Such an acceptance cannot be attributed to
aal-ea effort alone, and the major producers of Penta and so-
lutions thereof have been putting on an extensive cemmeign
to interest the publie in protecting wood, but to gain such
ground a product must have considerable merit in itself,

It is 'eas'at.z'bial to the wood preservation industry
to recognize that there are many uses for trented wood, and
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that furthermore not all of the circumstances of uese will
make possible the treatment of wood at one oz; more of the
commercial treating plants in the United States. In this
line mey be mentioned the fleld of reilroad tles. Much

work is now in progress on the selectlon of the best petro-
leum oils to use for sush purposes, and there is no doubt
that Penta will be used with erecsote and creosote-petroleum
mixtures in order to take advantage of the combined valuable
propéfrties of Penta and cresote.

An Illinois Agricultural Experiment Station sure
vey in 1947 showed that approximately 500,000,000 wooden
poats are needed each year in the United 3tates, and that
the U. 3. Forest Service reports showed that slightly over
seven million posts were treated in 1946. It must be recog-
nized that there has been too great a neglect of this fleld
when less that 17 of the posts during a nine-year period got
treatment. These figures indicate clearly the potential
field for preservativeas for post treatment. Penta is admir-
ably adepted to post preservation, for it can be applied in
low viscosity olls by one of several treating methods with
excellent absorption. These treating methods are self-
explanatory and are: pressure treatment, hot-cold soak, cold
soak treatment and brush treatment. There is no doubt that
Penta in oll can be more easily handled and with better re=-
sults, in the fleld of fence post protection, than can any

other preservative in those cases where the services of a
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commercilal treating plant are not at hand,

This somevhat abbreviated survey has already shown
the multitude of uses to which Penta ean be put, But there
are many more fields whigh have not a5 yet been mentloned,
such as lumber for construction purposes, bridge timbers,
stringers end decking, highway guard reils, vallroad car
lumber, crossarmg, and loading dock materials. In all these
epplications, Penta shows its many advantages, some of which
stand out in comparison to other treating chemicals. The
treatment 18 lasting under all conditions of weather and
surroundings, the treated wood 18 eleen and eaally handled,
it ean be applied by numerous means which makes 1t possible
for anyone to use, and most important of all, it is economical,
Wood treated with Penta lasts at least twice as long, under
any conditions, as untreated wood, and the small added cost
of the actual treatment 1s little in comparison to having to
replace the wood itself bDoth in cost and time consumption,

The preservation of wood by the use of Penta can
thus be seen to be doing management a considerable service.
Hot only is the manufacture of such a preservative an
oppertunity to start an entirely new industry, -but it is
also enabling management to use the lumber or timber from
any one sourge for a greater pericd of time:. The treated
wood wlll be laating at least twio_a as long as the wood
utlilized previously which was untreated, thus necessitating
less than half the replacement that had previously been



required, This effect will be felt to the utmost in the
induastries using large quantities of wood outdoors, such as
the railroads, utilities, and mines, besides the farmer who
depends for all his fencing and dbullding material on the
lumber industry. The total consumption of wood by these
ugsers runs into meny billiong of board feet annually.

2 ob t.e"

As early as 1932, Monsanto Chemical Company studied
the chlorinated pherols. Pentachlorophenol (Penta - Santophen)
and its sodium salt were found to be outatanding preservatives,
and the former of the two above ramed compounds was dlscussed
in some detail in the previous pages. Sodlum pentachloro=-
phenate was flrst manufactured on a commercial scale by
Monsanto in 1936 and marketed underthe trade name of Santobrite.
Begause of its demonstrated effectiveness in blological con=
trol and 1ts many desirable physical properties, combined
with low goat and sveilabiiity, this chesiesl 3a serving
usefully in many and varied industries.

Most industrial produwcts of organic origin are
subject to microblologleal attack at some stage in their
preparation or use. Materials which thus require preservas
tion inelunde wood, eellulosie products, textiles, starches,
adhesives, proteins, leather, oils, paints, latex ard rubber.
Equally important applications are termite control in wood

1. Pamphlets of Monsanto Chemical Company, Organic Chemicals
Division.
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and insulating boerd (eovered previously), the control of
slime and alpgae, the manufacture of herbleldes and as a
fermentation disenfectant.

For the purpose of this analysis the uses of
dantobrite are restricted to 1its effect in four industries,
namely that of adhesives, the palp and paper industry, that
of rubber latex and the control of slime and algae in cool-.
ing aystems,

a, Adhesives.

The old 1dea that only substances »f a gelatimous
character have adheslve propertles has long been discarded,
It has been demonstrated that strong joints ean be obtained
with any liquid material which will "wet" both surfaces to
'bs Joined and become solid in place. This concept has been
well demonastrated by the variety of materiasls now used in
preparing adhesives, the more important of which are animal
and fish by-products, starches and dextrines, latex, casein,
blood, gums, resins, and cellulose esters and ethers. It
is these new adhesive raw materlala that have brought with
them the problems of blological decomposition,

_ Experience has clearly demonstrated that in moat
adhesives there is need for a preservative to protect the
agueous solutions and suspensions against blologlcal de~
terioration. Materlals such as zine sulphate, formaldehyde,
and beta-naphthol have been used, but none of these is fully
satisfactory with respect to effectivenesz and permanence.
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The organisms to be combatted are numerous and veried in
type, renging from the fungl, bacteria and yeasts which
attecl sterches an’ reduvece them to sumars, alcohols, and
eolds, to the putrefaction bacteria which reduce protein-
aceous glues to mercaptans, amines, hydrogen sulphide, and
other evil-smelling compounds.

3antobrite for the preservation of adheslives hes
been carefully investigated. Its effectiveness in combatt-
ing the orgenisms which attack adheslves has been determined
by leboratory tests under severe conditions, and although
the data is available it will not be presented here for the
interest of brevity.
be¢ Pulp and Paper Industry.

Mieroblological activity serves no useful purpose
in any of the processes of pulp and paper manufacturing.

To the contrary, such activity gives rise to & number of
operating difficulties and serious economie¢ problem.

It would be diffiecult, indeed, to establish the
money value of the loases caused by slime spots and breaks,
blinded wires and plugged felts, obstructed stoek and water
lines, end stoclk losses due to blologicel decomposition.
However, 1t is. generally agreed that such losses may serious-
ly impalr the margin of profit and even eliminate it entirely
in some cases.

Pulp and paper systems from grinder or wash pit
to finished lap or sheet furnish a fertile field for miero=-



155

biologieal zctivity, begauu the environments are favorable
with respect %o the controlling factors, mainly, food supply,
molsture, alr tension, tempereture, 1ight, and chemical re-
aetion. Molisture relationahips are, perhaps, the most im-
portant factors influenecing the type of growth and are chief-
1y responsible for the differences in mierobiologiscal flora
8t different points in the syatem.

Thua, where an excess of water is present, bacterial

growth is moat abhundant, and, as is well known, bacterial
slimes are found in those parts of the system which are com=
pletely submerged, or nearly sos The same type of growth,
namely bacterial, is prineipally responsible for the ferment-
ation and putrifaction of pulp slurry and gettling-tank
sludge and for the rotting of felts.

Fungl, on the other hard, cannot grow when gom=
pletely submerged but prefer e molst, not excessively wet
envirorment, such as is presented by green pulp logs in the
plle, stored lap pulp, or spatter on the walls of tenks.
Rotting, stalning, specking, and sliming of pulp stored
damp are caused by fungl, as is also the mildewing of paper
board products and coated papers.

Other types of mioroorgenisma, such as yeasts,
algae, and protogzos are also found occasionally in slimes
and other paper mill flora, but are really of causative
signifiocance.

It has been the general practise to combat slime
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by good houseleeping involving regular cleanoutss Many mills
supplement such measures with continuous anti-slime treatments.
8lime formetion in pulp end naper systems is often prevented
or greatly reduced by the application of chlorine or chlorine
vith ammonia in varying amounts to the fresh water supply,

the shower water, or the white water, and som<times by treat-
nent at all of these nlaves.

Chlorine 1s a highly effeotive bactericide (and a
somevhat less effective funglelde), but its usefulness is
1imited by its extreme resetivity with organic matter, which
causes the toxle chemieal to Become spent quickly. The use
of ammonia with chlorine in various ratios reduces the oxida-
tion potential of the chlorine arnd thus prolonga, somewhat,
the interval of toxlec efficacy. However, sutilractoée con~-
trol of slime by the use of chlorine with or without ammonia
is found d4ifficult under some eonditions, and these chemicals
have little value in the solution of other milerobiological
problems of the pulp and paper industry.

Copper sulphate, zins sulphate, and combinations
of chlorine with copper sulphate and ammonia are sometimes
used to combat slime, but the results achleved are not con-
sistently satisfectory: Organomercurial compovmnds have been
effective for certaln applications.

Mill experierce hes confirmed the results of
laboratory experiments demonstrating the effectiveness of
Santobrite for the eontrol of paper mill organisms.
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Chemically stable, non=corrosive to metals, none~volatile,
practically odorless, Santobrite 1a well sulted to the proe-
cesses of manufasture and the requirements of the finished
product.

¢« Treatment of Cooling Vater Systems.

Algae and slime~forming organisms prow luxuriantly
in many industrizl water systems where they tend to clog
water passages and form adherent, insulating deposits result-
ing in serious impairment of effieciency and capacity. The
magnitude of this problem has growvn raplidly in recent years
by reason of the great inerecese in the use of recirculating,
cooling=-wvater systems,

The elimination of accumulated glime and algae can
be, and frequently is, accomplished by mechanically cleaning
the system periocdically. Continuous supression of micro=.
organism growth to prevent its development and attachment to
heat-transfer surfeces can best be achlicved by chemical treat-
ment of the water. Copper sulphate, sulphuriec acid, potassium
permanganate, chlorine, chloranine, combinations of copper
sulphete with organic compounds and with chlorine have been
uged, All of these have wvalue and can be used effectively
under sultable conditionss However, none of them is a
panacea for cooling=water organism %roubles and, too orion.
it is found 1n speclific instences, that none ls satisfactory
from the standpoint of effectiveneas, cost and practicabllity.

With the understanding that a good industrial
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glime and algne control agent must meet many requirements
beaides toxiecity to mieroorpganisms, Monsanto investigated
the wsefulness of a great many organic and inorganic materials
believed to be of poasidble vaelue. Sentobrite was found to be
the product of outstanding merit ard the experimental data
on whigh 1te industricl appliecation was launched in 1937
have been confirmed by the subsequent experience of hundreds
of cooling-water plantas BSantobrite 1s highly toxic to algae
and slime forming orpanisma, it is non corrosive to metals,
it is compatible with other chemical treatments gilven cool-
ing wvader, and it is easily applied as there 1s no speclal
feeding equipment required arnd the product is packed to
facilitate 1ts hardling and application.
d., Latex Transportation.
latex, thoush known for centuries in its native
state, did not become a significant article of commerce un-
il 1920 The demand for it 4id not inerease greatly for
several yeara followins that time and not until sclentifie
regearch developed ways and meens of handling the latex and
applying 1t to diversified products. The importance of latex
in industry just before the World War can be judged by the
importation into the United States in 1937 of 51,000,000 poimds.
A high percentage of the world's productive area
for rubber is concentrated in tropical countries and the |
enllection of letex 1s from millions of trees spread over
hundreds of thousands of aeres. ¥Yith ultimate shipment of



159

the latex to points far distant from the gource, the need
for on effective preservotive becomes apperents The pro-
vious search for preservetives inclided experimentation

with ammonia, formaldehyde, phenol, mercuric chloride,

tannie and borle aclds, sodium Bisulphite and other chemicals.

Ammonie until recently had been ’e;omldered the moat satlis~
fagtory, from the standpolint of effectiveness at moderate
cost« However, ammonia vhen used alone produces latex
possensing numerous undesirable properties, such as the
develspnent of unpleasant odors in the latex due to the
volatility of ammonia, the accentuating of "webbing" in
poods that are produced by the dip process, and the odor
imperted to the latex itself by the usé of armonia,

Dre Edgar Rhodes, while directing research at
Fuala Lumpur for the Chemical Division of the Rubber
Research Institute of Malaya, determined the preservative
properties of Santobrite together with those of other chem-
icala, The results of this work are summarised in his re-
port published in the Journal of the Rubber Reasearch
Institute of Meleya, 1938, in which he Bives "certain re-
quirenments” for judging the efficacy of preservatives and
leter states, "Sodium Pentachlorophenate (Santobrite) is the
first disinfectant which does appear to satisgy them reason-
ably well®,

The four major uses for Santobrite mentloned above
will show without & doubt the serviece that this chemical is



giving to management in the chemical and process industries.
In addition to its obvious chemiecal characteristics which
heve been mentioned in some detall the cost of Jantobrite
treatment is relatively low, varying of course with the de-
gign and sperating characteristics of the aystem in which
it ia being applied. It is effective in low eoncent.mt,;om.
gonyenient to handle, non=-volatile at normal temperatures,
comperatively odorless, effective and permanent,
s E’,@logﬁl

With this chemical the field of textile fivers 1s
entered and as will be shown by examples in this and sube
sequent chemioals there is much that ocan be done with owr
everydey materials that will make them more useful and better
in all ways that concern the selling of a product sn the market.

Resloom is & low polymer or water soluble "resin
former” that imperts stabllismation, resilience, durability,
and shrinzege control to all types of textile fabrics with=
out impairing the original fiber charccteristics. Washable
woolens, orush resistant, and stadbilized synthetics and
nuass-reaistant eottons which cannot be secured by alterations
in weaving, fabrie construstion ar in any other wey, are
readily obtained by Resloom treatment,

Shrinkege eontrol ia one of the most unique ashieve-
ments of Resloom, Repeated launderings can be performed on

1. Pamphlet of Monsanto Chemical Company, Textile
Department (see Bibliography)
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the treated goods without resulting in felting, pilling,

or diatortion. On one test, a ﬁdsloom—trmtod wool flammel
ghirt shrenk less than 18% after Tive trips throush a soap
and water lamndry. Under the same treatment an untreated
ghirt used as a gontrol sample shrank to S0% of its original.
gize. Yool flamnel treated with Resloom has & very soft,
amooth hand with excellent atability. The clasticity, soft-
negs an’ stability of the Resloom finish ias retained after
many washings.

By oambig:ﬂg proper fabrie construction and Resloom
treatment, 2 lighter weight, more porous and thus cooler
fabrie can be woven, thus opening new oprortunities for the
uge of wool for summer garmentss The treated wool retains
2ll the properties that make it deairable for use in garments -«
erush resistance, atrength, and satability - and Resloom has
in this way opened up & new fleld for the textile industry.

In the case of rayon, Resloom imparts better seam
atrength and slippage control, and produces cooler, quiocker-
drying, dimenaionally steble febries thaet hold their shape
and do not soil., 81lk, which is customarily weighted with
tin salts, may heve its natural fine properties enhanced ine
stead with & stabilizing resin (Resloom) that will preserve
the fabrie's beatty.

Truly long lasting, muss-resistant cottona, whose
finish 1s unaffected by wear, washing or dry cleaning, can
be produced with Resloom. Neat, erisp, wrinkle resistant
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summer wear and a durable glaze finlsh can be fashioned by
fusing Resloom into the heart of the cotton fiber by the'
Everglaze process,

Mixtures or blends of various natural and synthetic
fibers may create problems in finishing, but with the correct
Realoom produet for the finish desired there is no diffi-
culty in the production of atabilized erush resistant finishes.

An enumeration of the properties imparted to fab-
riecs by the application of Resloom would ineclude the followings
reducea extent of shrinkage from 75-100%; increases the re-
silience of worsted fabriesj ylelds fast shades in dyeing;
permanently improves the body and fullness of the fabric;
controls slippage of filament yarns; eliminates pilling on
laundering of woolen goodsj reduces tendency of wool to felt
after launderingj ylelds soft, wooly finishes; produces
cooler, quick-drying, more stable febrics that hold thelr
shape and do not soil. Only a small fraction of the above
list 18 enough to make a conalderable impression on the tex=-
tile industry and in its totality there is no doube that
Resloom will have & considerable effect on the utilization
of all the textile fabries being produced at present.,

4, Bwellable Cotton Fgggggi

A promising approach to the problem of increasing
the usefulness of cotton is the chemlcal modification of the

1. Pamphlets of Southern Reglonal Research Laboratory
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cotton after its manufacturing into yarn or c¢loth, while at
the same time preserving 1ts fibrous nature. A notable ex=-
ample of this is the partial acetylation of cotton to‘yield
a cloth or thread which is very reslstant to rotting. 1In
the case under discussion howvever the object was to prepare
a highly swellable cotton aso that the permeability of the
eloth to water would be decreaased.

The fabries known as Shirley oloths are especlally
woven to make them permeable to @&lr when dry but only slighte
ly permeable to water when damp. This property 1s due to
the decrease of space between the fibers as well &s that be-
tween the yarns by virtue of the swelling of the fibers and
is erhanced by the construction off the fabric. It has léng
been known that linen fibers swell quickly on exposure to
water, and for this reason linen is used for fire hose.

The shortage of linen during the war prompted C. F. Goldthwait
to subatitute treated cotton for linen. The cotton was
impregnated with hydroxyethyl ether of cellulose to a take=

up of about 6%. The ether, although insoluble in water,

swelled quickly on exposure to water and made a cotton fire
hose watertight. J. W. Stallings recently patented the treat-
ment of cellulosiec fibers with acrylonitrile in the presence

of sodium hydroxide to make lead-reailstant, Tireproof fire hose.

Research in this fleld as ecarried out by the
Southern Reglonal Research laboratory, New Orleans, Loulsiana,
has found out that a qulekly swellable cotton fiber may be



obtained by partial earboxymethylation to such a degree of
substitution that the fiber does not lose strength but does
swell vhen wet., BSuch carboxymethylation 1s obtained by the
impregnation of eellulose with a solution of momnochloroacetic
acéld followed by a treatment with a strong solution of sodium
hydroxide yielding the sodium salt of carboxymethyleellulose.

The treated yarns do not vary greatly in breaking
strength, feel, appearance, or molsture content from mercer-
ized eontrols. 3welling capacity and water retention, howe
ever, are preatly inereased. The treated cotton shows diff-
erent dyeing characteristies from untreated cotton. Although
the addition of small amounta of earboxymethyl group to the
cellulose molecule does not protect 1t from mieroblological
attack, addition of copper, silver, or mercury, to form the
correaponding insoluble salt of carboxymethylecellulose,
imparts considerable reslstance to such attack,

The applications for a product as that produced
by the above outlined process are numerous and are not re=-
stricted to fire hoses and similar products, If this re-
search could be continued and perfected, swellable cotton
fibera could be used in many pwoducts which are at preasent
requiring two or three different materials to achieve the

seme result.
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Se Erifonl

of all the improvements that could be made in any
textile fiber or fabrie that ranking first conslideration
with mogt people is the matter of flammability. In thls re-
gard & simple treatment to make cotton and rayon fabries,
which make up 897 of the textile fiber consumption in the
United States,> resistant o fire and flame has been the
goal of scientlsts and research workers for years:. The use
of flame resistant fabrics for clothing, draperies, awning,
and upholstery would greatly reduce the loss of life and
property from fire. On this tople a member of the Textile
Resin Department of the American Cyanamid Company, Mr. K. H.
Barnard, has indicated that an annual market of 100,000,000
pounds of fabric awalita the development of an effective but
inexpensive flame~-retarding procoau.3 At the present market
price of Du Pont's nev fleie retardant, Erifon, this would
amount to 2 total requirement of 100,000,000 pounds of
Erifon and support an industry with sales worth 430,000,000,

Although it is doubtful if cotton and rayen
fibers and fabrics can ever be made "fireproof" as are the
glass (Fiberglas) and asbestos fibers, they can be made
1. Pamphlet of Du Pont Company, Pigments Department;

Chemical Epngineering, November 1949.

2. Memorandum of the Rayon Industry by Morgan Stanley & Com
3« Chemlical Engineering, March 1950 v oot




flame resistant, which may be defined as not continuing to
support combustion or being consumed by afterglow when the
source of ignition 1s removed after first having been ig-
nited by flame. A flame retardant 1s a substance which
when properly applied slows down the rate of combustlon of
2 flarmable material, or renders the material inecapable of
supporting combustions

In the course of many research studies of cellu=
lose Tibers, Du Pont chemiste learned that certain inorgenie
salts, mainly the salts of titanium ard antimony, appeared
to react with the cellulose molecule. After such reactions
had taken place the fiber remained, for all practical pure
poses, unchanged, but the abllity of the flber to support
combustion was materially lowered. Erifon flame retardant
is an aqueous solution of these inorganic salts containing
free hydrochloric acids It 18 in no sense a coating, cone
tains no oll, resin or other organic, filmeforming materials,
Consequently, when properly applied to cellulose fibers
such as cotton and rayon, Erifon reacts with the cellulose
molecule changint 1t chemically but not physically. Neutrals
ization with sultable alkall is necessary in insolubllize
the compound and thorough serubbing is necessary to remove
the excess reactants and by-products of the reactions The
result 1s a flame resistance incorporated as an integral
part of the fiber. Due to this fact the resistance will be
meintalned after repeated household laundering, dry cleaning
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and exposure to weather,

In additlion to the characteristics already
mentioned, Erifon is non=toxie and non-irritating to the
skin, does not meterially change such properties as "hand",
poroalty and terxture, and adds little weight to the fabriec
it 18 appllied to. Application of Erifon can be carried out
only by textile mills in commection with other manufacturing
processes and before the fabriecs are made into clothing or
other artielea. Although it cannot be applied in the home
or laundry end dry cleaning eatablishments, 1t can be applied
by conventional textile mill equipment.

Fabrics treated with Erifon will cher when exposed
to flame, but will not support combustion when the flame is
removed, and this fact has enabled 1t to exceed the require-
ments of the flameproofing tests established by the Federal
Government and private research organigations. This is its
major selling point but 1t 1s also of interest to know the
approximate cost of applying Erifon to cloth of various
types and welghta, Teking an average welght sheeting,that
of four ounces, the totel raw materials and application
costs amount to approximately 7.4 cents per yard, which by
all standards of measurement must be sald to be very

reasonable.
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CHAPTER IX
RESEARCH SUPPLEMENTS HATURAL RE3SOURCES

As mentioned previously, of all this country's
natural resources that of petroleum has been given the great-
est amount of publicity during the past few years. Mention
has been made continuously of the coming scarcity of petro-
leunm because of the rate at which it is being consumed at
present, and that "something must be done about it". In
order to illuatrate the fact that the time has not yet come
when this country will be left without petroleum, and that
vhile all the tallz about action 1s going on that both the
Yederal government and the oll industry are conducting tre-
mendous research and deovelopment programs, this discussion
!I.é devoted largely to the research and results obtained from
2 study of natural gas, coal and oll shale as poassible
sources of liquid fuels. A late ?rrivs.l in this phase of
research has been the dlscovery of a method of manufacturing
synthetic mica which will be discussed in a short summary
of the research and process towards the end of this chapter.
1. Synthetie Fuels,t

The magnitude of effort concentrated on synthetile
fuels may in part be judged from research expenditures.

The Bureau of Mines has bdeen working on a $30,000,000 program

1. Pamphlets of Standard 011 Development Company and the
United States Department of the Interilor.

(see Bibliography)
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of research into coal hydrogenation, Flacher-Tropsch
syntheais, as well as oil-shale mining and processing,
and legislation has jJust been approved by Congress to
extend the origimal appropriation t9 360,000,000,

Stondard 011 Company (N¥«J.) has been very active
in this field for many yoarss: Some twenty years aigo it
started a 310,000,000 development program on hydrogenation
of 01l and coals In addition, large olil-~hydrogenation
plants were erected and operated for a mumber of yearss
Later, work was started on development of the hydrocarbon=-
syntheais process, & modificetion and appreclable improve=
ment of the German Flascher-Tropach process, for making gase
oline from natural gas and coal, but was discontinued during
the wer years. In 1945 work on the hydrocarbone-synthesis
process was resumed and up to the present about §10,000,000
has been apent on this developments In addition, consider-
able work has been earried out by the Jersey group on
retorting of oll shaless

Vigorous research programs on synthetiec fuels
have also been carried out by other oil compenies. Last
year, for emample, it is estimated that the oil industry
spent in excess of 510,000,000 on suech resecarch.

The extensive resesrch effor, briefly outlined
above, arrises from the problem of meeting the country's
expanding needs for oil produects. Om pheae of this
problem is to meet the needs for normal peacetime consumption,
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whileh, based on the preasent rate of inerease, wlill be growing
at the rate of arsund 75,000,000 barrels of »1l producta per
yeor. It 1 expected that the o511 industry can and will meed
thls expanding demand through the installatisn of erude oll
produeing and refining facilities and through the installation
of synthetlc 511 capacity where economicael. A secon? nhase

of the 0ll supply probdlem is to rmake avallable suppllies for
military use i case of national emergeney.

Proven reserves of crude o1l are cirrently estimated
alightly in excess of 23 dillion barrels. This is the highe
est level ever reached In the mlited “tates. 3tatistica on
proven reserves and production indieate that s ch reserves
have, by and large, malintalned about the same relationship
to produetlion. TFor instance, sinee 1935 the proven reserves
as ren-rted from year to yerr have remazined at a level of
about twelve of Tifteen yeara supnly. The current proven
recerves ore essentlally at: this level,

Cumlative nroductlon of crude »il sirnce the start
of the "mited States o11 industry 1s about 35 billion barrels,
v ich, vhen added to the current proven reserves, totals
about 58 billion barrels of oil which has been found, Poe
tentizl reaerves yet to be frund eammot, of course, be
definitely predicted. IHowevcr, based on geologlieal reports
of favorable sedenmenrtary rock formationg yet unexplored, it
anpears reasconable to belleve that at least as much o1l re-

meins - he found in the Tnited 3tates es has been found td



date. The cost for érude 41l production, however, has been
inereasing and 1t ia possible that aynthetlc oll capacity
on a large secazle will in time become competitive with liquid
Tuels produced from petroleum.

a, Hatural das,

Hatural gas is one of the most Intereating ma-
torialas which may be used for producing synthetlic fuels,
although it 1s limited in availability. The known natural
mas reserves in the United States are currently estimated
to be sbout 170 trillion cuble feets If this were all con-
verted to oil, it would be equivalent of about 16 billion
barrels of nil, whioch is sbout T0Z of the ¥mown all reserves.
The rate of dlscovery and extenslon of known reserves of
netural gas averaged about 8 trillion cubie feet per year
for the Tfifteen year period erding in 1945. Discoveries
ard extensiona of kmown reserves for 1946 are sbout 13
trillion ocubie feet, and about 14 trillion erbie feet for
1947, Due to desper drilling for oll, the trend is to find
more gas relative to oll. It is believed reasonnble, there-
fore, to assume a rate for extension of known reserves and
new discoveriles for the next few years of 10 trillion ouble
feet per year,

Present consumption of natural mas for purposes
other than earbon bleck, fleld uvse, and loass, is about 2.7
trillion cubic feot ner year. Based on present usage, an
estimate has been mede of the gas thet will be required in
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the future for earbon black, fleld use, and loss, amounting
to 1.6 trillion cubie feet per year. This latter figure

does not represent exactly pres nt-day eonditions, aas certaln
improvement in loss of gas are pilctured. This quantity,

vhen added to present day consumption for industrial use and
heating, mives a total of 4.3 trillion cublec feet.

New pipe~line capaclty has been authorized or
epplied for, amounting to 1.8 trillion cuble Teet per year.
Assuming all these pipe lines are inatalled, the consumption
of natural gas would then be dbrought up to about 6.1
trillion cublie feet per year. On the assumption that the
rate of discoveries and extensions would be 10 trillion
cublc feet per year, there would then be avallable, withe-
out drawving on reserves, for elther further pipe line and
industrial use of for aynthesis, about 3.9 trillion cubie
feet of natural gas. When making still further allowance
for inereased industrial and heating use, it 1s believed
that there will be enough natural gas supplies to produce
at least some 500,000 barrels per day of oll products.

There are two main steps in the procesa of pro=-
dueing synthetie fuels from natural gas. Irn the first step,
a deficlency of 95% purity oxygen, prepared by liguefaction
and distillation of elr, is contacted with natural gas abh
elevated pressure and temperature to produce synthesis gas
consisting essentlally of hydrogen and carbon monoxide.

The gas, after cooling and scrubbing, then flows to the.




gsecond or aynthesis steps

In the synthesis reactors the gas 1s contacted
with finely divided lron=-type catalyst malintalned as a
fluid solids bed and the gases resct to form malnly a
mixture of hydrocarbons and some oxygenated chemicals,
mostly aleochols. Upon gooling end oil serubbling, there 1is
separated rev hydrocarbon oill, eontaining essentially 90%

gascline and 107 gas c1l, plus a water leyer containing dis-
solved oxygenated chemicals,

The raw products are then processed to produce
marteotable materials, Synthesis gasoline 1s of perticular
interest since ite octane number will exgeed present premium
grade gasoline and will, with some added lead, satlafy & 10;1
compression ratio ensine which is capable of giving_about
304 more miles per gallon than present day engines.

The naturel gas hydrocarboneaynthesia progess hes
been well wyrked out on an experimental and pllot seale,
and two commerical plants of about 7,000 barrels per day
capacity each are at present operating under the watchful
eye of the 01l induatry.

b. Ooal,

The United 8tates reserves of coal, ineluding
lignite, are estimated %o be very large based on eatimates
prepared by the United States Geologleal Survey. These
indicate thet the_resarva of coal in place amounts 4o about
3,200 billion tons. This is essentially equal to 2,500
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billion tong of equivelent bituminous coal quality. Of
this amount, on 2 heating-value basls, about two thirds is
vest of the ¥Mississippl River. The present consumption of
eoal in the United States is estimated 2t sbout 0.6 billion
tons per year and 1t can be seen from these figures that
the entimated reaserves are very large compared to the
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billion tons of egquivalent bituminous coal quality. Of
this emount, on & heating-value basls, about two thirds is
west of the Mississippl River. The present consumption of
goal in the United States 1s eatimated at about 0,6 billion
tons per year end 1t can be seen from these figures that
the estimated reserves are very large compared to the
congsumption.

Consumption of oll products in the United States
is inecreassing and may reach seven million barrels per day
in the near future, If all of these products were supplied
from coal, assuming & ooal consumptlon of a hall ton per
barrel, the coal requirement would be ebout 1.3 billion
tons per years

There are, therefore, enough indicated coal re-
serves to supply the country's need for both eoal as such,
and in addition, eocal for making all of the oil requirements
for about the next thoumand years. /Appreciable revision of
thease reserves will undoubtedly be required when considering
only eoal that canld mined at reasonable cost and at locations
where the erection of synthetic-oll plants would be advane
tageoua, Much of the coal ia weat of the Missisaippi River
and here water supply for synthetic-oil plants would be a
very pressing problem. A much more detailed analysis would
be required to determine the real possibilities from a
quantity stendpoint on production of oil from eoal, taking
into consideration water supplies and other factors,
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The hydrocarbon-synthesis method of converting
coal into oll products is very similar to the process de=
seribed for natural pas. As in the case where natural gas
is used as the rew material, it is easentlally a two-step
process, involving first the preparation of a synthesis pgas,
and second, ita reaction over a catalyst. In this case,
however, the gasification of coal to produce amﬁeais &as
is accomplished with oxygen and sateam. In additlion, the raw
synthesis gas produced from coal must be purified before
entering the synthesls reactors. The syntheals reactlon
syatem, product recovery, separation, and treating steps
are essentially the same for both raw materials.

Due to the difference between natural gas and egoal
as a rav meterial, the preperation of synthesls gas from coal
is also quite different in terms of equipment from that re-
quired for natural gas. Oonsiderable work was carried out
in Germany on the production of synthesls gas from coal by
continuous process methods as contrasted to the intermittent
type of process that has been widely used for synthesls of
water-gas manufacture. The gas-making processes developed
in Germany had particular application to noncaking coals
and do represent improvement over the discontinuous process.

It is belleved that still further improvements ean
be made in the continuous production of synthesis ges from
goal and considerable work along this line is mow being
carried out in this country. Certain of the processes being



investirated are expected to handle caing coals equally
as ﬁn a8 nonearing conla. It is felt that this develop=-
ment will lead to methods more economical than those de-
voloped in Germany. From & teechnical standpoint, therefore,
the main step to be worited out for the conversion of coal
to oil using the genersl prineiple of the hydroearbon syn-
thesls process ia to get an improved method of making ayn-
thesis peaas from eoal, The eocoperative resecrgh progrem be-
tween Pittsburgh Consslidation Coel CGompany and Standard
011 Development Company is vigorously pursulng this projeet
and is et present operating a plant bases on this work at
Imperial, Permsylvanis,

An pltermate method of produeins oil products from
eonl is by the hrydrogenation nrocess. This process was ex~
tensively exploited in Cermany and there is s large commer-
cial plant loceted in England. Detailed information i1s now
available on the experience in commerecial plants on hydro=
geneting conl in hoth countries. The United States Bureau
of Mines has completed the construotion and 1s now putting
into operation & plant to produse 200-~300 barrels per day
of o011 end pasnline from eosl by hydrogenation. This plant
is sitvated in Touisiana, Miasasouri, and, based on the exper-
ience svaileble to date from the desipgn and econstruction of
the demonatration plant there, the Burescu has recently com=
pleted 2 detailed estimate of the initisl cost, reguirements,
and operating costs of a 30,000 barrel a day cozl hydrogenation
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nlant. In the interest of brevity the multitude of Tigures
on eonstruction eosts, costs of raw materliels, labor and
monagenent, are omitted here and the only firpure that is
siven 1a thet which effeets the eonsumer the moat, theot of
the price of gasoline. The menufacturing costs per sallon
of masoline by thils »rocess utllizing two different types
of bituminous eonel are 8.0 ~nd 10.2 cents reanectively,
which comnares very favorably with the market nrice of to-
dey's gesoline from petroleum which varies between 10.5 and
11.5 cents ner rallon.
6. 011 Shale.
Shale denoslts in the United States are avite large.

The approximate denoslits, exclusive of tar sends and gil-
sonlte, posess an estimated reecoverable auantity of shale
0il of 250,310 millilon bharrels. The Green TNiver frrmation
of northwentern Conlorads aprnears to be the major cileshele
derosit in the United States and ih is indlented to be at
leant 500 fTeet thielr, Within this depcclit there appear to
be minable bédé T0 to 90 feet thick, havines en average oill
yield of thirty gallons »er ton. This formation is reported
tn eover an ares of spproximately 1,000 square miles. The
Bureau of Mines onroject at Rifle, Colorado, is concerned
with develonineg, mining ond nrocessing methods for the TO
to 90 feet thickness ~f rick o1l ghele.

After makines allowanee for the shale vhich must be

left underground for sunporting nillars in the Rureau of
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Mines quarry method of mining, with the latest and largest
mechanical equipment availlable, 1t would apprear that the
70 to 90 tcmt. bed of Colorado shale alone would yleld the
equ.tmlent. of 75 to 90 billion barrele of recoverable oll.
This richneas of o1l shale has been considered in the pres-
ent atuvdy, althoush at lecst an equal huantity of reserves
appears to exist in Colorado at richness of about fifteen
gallons per ton. There are a2lso substantial deposits of
o1l shale in other states. For processing this material,
perticulerly in Colorado and other western statea, water
supnly would be a mﬁjor fector in determining the rate at
which the shale can be produced.

The organie matter in oil shale breaks down and
distilla when shale is heated in the renge of 800° to
1,000°F. One of the problems in using shale has been a
cheap method of ecarrying out the heating or retorting. In
the last few yéa,rs , largely as an outgrowth of developments
on catalytic eracking of oll, some new processea for retorting
of shale have been proposed and at least partially demonstrated
which appear to offer considerabhle improvement ovér older
Processes.

The shale, after crushing, is fed to the retorting
veasel of the two-vesnel system operating on the fluidized
801lids prineiple. Heat for retorting is supplied by with-
drawving shale from the resctor to the burner. In the latter
vessel 2 portiosn of the residunl carbonageous material on
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the spent shale is burned wilth air, thus heating the spent
shale above the retorting temperature. The heated spent
shale is then circulated back to the reactor.

This process, like other oil shale retorting
processes, ylelds a rather heavy product of disagreeable
odor. The product so obSained is transported by pipe line
to a refinery where the raw shale oll is hydrogenated to a
quality equivalent to erude oil and then processed into gas-
oline using conventional refining techniques.

Retorting of Colorado oil shalesa by the process
described has been successfully demonstrated in small pllot
plants, On a larger scale the 3tandard 01l Development
Company has reconstructed its fluld-catalyst-cracking pilot
plant at Baton Rouge, Louisiana, to proceas oil shale, and
tests are beinz made. The shale oil for this study is being
supplied by the Bureau of Mines and thelr representatives
are also observing the tests beins conducted.

Estimates for oll shale operations have been made
for a large plant to produce about 100,000 barrels of oil a
day. The only economieal way to transport shale oil from
the Rocky Mountains to the major consuming centers is by
pipe~line and its construection could be jJjustified only if
considerable plant capacity is contemplated. Assuming a
reasonable schedule for delivery of equipment and & satis-
factory labor supply, initlal production could begin in two
years and full production could be attalned in three years.



The initlal investment in the entire plant will
approximate 409,000,000 dollars which amounts to 4,090
dollars per barrel of oll per day. There i1s & good poss-
1bility that in actual practice this figure as estimated
by the Bureau of }inesa can be considerably reduced. To
produge shale oil the operating costs are about $1.29 per
ton of shale or arproximately $2.00 per barrel of orude
shale oil. Assuming & 75% yleld through the refinery the
final produet will cost about 33.50 per barrel or an average
of 8.4 cents per grllon. Even under the assumption that
large parts of this may be heating oll and diesel fuel the
price still compares very favorably with that of gasoline
from petroleum which ranges from 10.5 to 11,5 cents per
gallon.

The petroleum industry, probably the most vital
pert of the chemlical and process industries, is not only a
direct source of fuel and power and the form of gasoline and
fuel olls, but 1s also at present the most important supplier
of chemical intermediates. Not only has it been proved over
end over agaln that oll 1s a more stable and eeconomiecal
source of heat and power than coal, dbut in the past decade
the vagaries of the mine workers and thelr dstatorial pres-
ident has made the price of coal even higher and its supply
less reliable. OChapter IV went intc some detail to show to
vhat extent oil waa an ebsolute necessity in the economy of
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this oountfy today, and the remainder of the work has brought
this faet our further.

The size and importance of the chemical industry
ecan be further estimated from the percentage of the national
income that is derived from 1t and the numerous subsidiary
industries that it feeds with raw materials., The chemical
and process industries, the largest 1lndlvidual manufacturing
group within the nation's manuraoturing industries, comprises
20.4% of the national income, the all-manufacturing total
for this eountry making up & total of 30.5% of the national
income, Of this, 9.7% of the national income, agein the
largest portlon within the chemilcal and process industries,
is made up by the petroleum, coal and ehemlcal companiess
This coal, 1t must be remembered, 1s only that used as a
source of raw materials for intermediates in the manufacture
of chemiocals, and, as has been mentioned previously, & large
number of these uses have been talten over by petroleum. As
petroleum 1s at the present time undeniably the ma jor cheme
ical intermediate, the fleld of chemiocsls can be sald to be
largely derived from the petroleum industry. From this an-
alysls 1t can be seen that researsh on the manufacture of
synthetiec fuels 1s supporting the sourgce of nearly 10% of

this country's nationel income,

1. Chemical Engineering, February 1949
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The first month of the mid-eentury, January 1950,
saw the successful synthesis of mica by sclentists of the
Hatlonal Bureau of Standards under the spondorship of the
Office of Naval Research,

Miea is a eritical materlal in the mamufacture of
electrical and electronics equipment, and the synthetic mieca
produced has essentially the same properties as natural mica
but is superior to the natural substance in its ablility to
withastand high temperatures.

The process itself involves the combination of
four ingredients, three of which are the common materials
sometimea used in malking glass: quartz, magnesite and
bauxite. The fourth - a fluorosilicate compound - is added
because 1t zots as a erystallyzing agent and makes 1t possible
to produce mica at normal atmospheris pressure whereas in
nature it is only produced under extremesly high temperatures
and pressures. It is this fourth ingredient which makes the
synthetic mica superfor to the natural product.

The importance of this discovery and the demand for
the product is ably illustrated in a statement made by the
Secretary of Commerce, Charles Sawyer:

This dlsecovery is of immense importance tc the

Tnited States, which 1s the world's largest con-

sumer of miea but which produces only enough to

meet a fraction of ita own requirements. During
1948 the United States imported over 10,000 tons

1. Chemlcal Engineering, February 1950



of high grede mice valued at more then

815 million. In the same period, domes-

tic production of high grade mica totalled

only 135 tons with & value of less than §$50,000.
gynthetie mica production may malke 1t possible
for the United States to meet 1ts own dema

for this eritical material, '
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CHAPTER X
CONVERSION OF WAR RESEARCH

The five years between 1941 and 1946 saw one of
the greatest research programs in the history of industry
bent towards one object, the furtherance and eompletion of
a war of destruction againat other nations. During this
time the Federal Governmment spent an average of $500 million
e year on research, exeluding atomle research which alone
was spending upto a million dollars a day towards the end
of the war and had reached the stupendous sum of expenditures
of three billion dollars by the end of 1947. Exeluding
atomic research, ?odorsl expenditures on research amounted
to approximately %100 million a year more than was being
spent by private industry, universities and research insti-
tutes combined. Before the war government money accounted
for only one sixth of the nation's research bill which rose
to an average of 83% during the five years of the war.

This figure has by now been somewhat readjusted, not by
governmment spending less which 1t 1s not doing, but by the
increcsed expenditure for research in industry which is now
spending over 5450 million a year, bringing its part of the
research budget from a low of 137 during the war to 39%,
which in its turn has lowered the posttion of the government
to expending only 54% of the total research budset.l

1. GChemical and Engineering News, February 6, 1950.
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These Federal Govermment research expenditures
have been incorrestly dubbed as military expenditures. No
research van be purely military, just as any peace time re=-
search cannot be classified as being perfectly non-military.
The automobile, which was developed in peacetime was an
esaential vehicle in the last war, as were also gasollne,
airplanes, radios and many other standard items of modern
living. On the other hand, developments which were origine
ally "purely" for war purposes have already been integrated
into the peacétime economy. It 1s the pmrpose of this chap~
ter to show some of these conversions from war-to peace~time
application as they effect the chemical and process indus-
tries an?l the consumers they serve.

It would be well, ab this time, to dwell upon a
statement made by Dr, Frederick E. Terman, Dean of the
Stanford University School of . Engineering, shortly after
the cessation of hostilities:

We have learnmed through the war ex-

perience that money spent on research

is a highly profitable investment to

soclety as a whole when cost is bal=

anced against overall BenefitB...ss.

In the next two decades the resulting

return to soclety in the form of high-

er standards of living and increased

safety to life will be many times the

cost of t&e entire war electroniecs
researchs

1., Product Engineering, Janusry 1948,
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1
A. Benefits for the Producers.

1. Atomic Research
Atomic research in its many phases has brought

much good and much harm to mankind. Here the harm willl be
momentarily forgotten in deference to the unlimited amount
of good that has already been derived from 1t.

Radioisotopes, by-products of the atomie plle,
have found innumerable uses both 1ir medielne and in industry.
As this thesis 1s restricted to a study of the chemical and
;p;ceeau'industrlea those applicaticns of radioisotopes that
are not directly related to the toplc under discussion will
have to be omitted, and this will ineclude most of the appli-
cations of radioisotopes to medicine.

Friction studies at the Messachusetts Inatitute
of Technology, have already been alded with radioactive
steel, This tracer method has allowed the detection of the
transfer of as little as one hundred-~billionth of an ounce
of material from one surfacé to another. Better pistons
and valves may result. Underground structures of 01l
rields are being studies with radlolsotopes, mixed with mud
and foreced underground. Strata porosity and oll and water
content can thus be measured. Radlolaotope tracers study
the molecular structure of alloys, and measure the sulphur
and phosphorous content of iron and steel. This 18 expected
to result in cheaper and purer products.

l. 1Ibid; Chemical and Engineering Newsa, January 30, 1950
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In producing a new source of power, atomle research
18 expected to pay off far in excess of the investment. There
is a good possibility of broduning atomie power competitively

with c¢oal or oils The General Electric Company 1is bullding
the %20 million Knolls lLaboratory under government contract,
to inveastigate the commercial possibllities of atomie power.
In the course of atomic energy research, many new
techniques and instruments were discovered which are proving
of inestimable benefit to industry. One of these by-products

»

was the development of a "leak detecior". Developed in the
Manhattan Project by the Weastinghouse Electrie Corporation
and other companles, this was & vital instrument, since the
escape of any radlo-active gases meant certaln death or in=-
Jury for operating personnel. HNow being manufactured by the
General Electric Company 1s a varilation of this instrument,
which detects leaks in hermetically sealed systems by spray-
ing helium, used as a tracer gas. This instrument tests

for leaks in radio-compass equipment for marine and aireraft
use, a method far lupegior to any prewlous technique.
Another varlation of this instrument is making for better
refrigerators, as used by the 3ervel and other companies,
acting as a production line leak detector which sssures
perfect 1naspectlon of gaseous syastems in alr conditioning
and refrigeration equipment, at an extremely rapid rate.

The poassibilities for similar uses in the chemical induse
triea are very great, especlally in such fields wlere toxie
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gases are & part of & reaction and thelr flow has to be
striotly eontrolled, this method also simplifying the de=
tection of leaks in any toxlc gas system. In all thece

uses the tracer gas results in greater productlon economy,
and product and production safety, two very important con-
siderations at a time when costs are on the upgrade and the
use of more and more dangerous gases and liquids 1s expected
to inercase.

Another indirect bemefit of atomic research has
b=en the development of pumps which can create vacuunms
hitherto unknown to mane In many modern production tech=
niques, such as the coating of plastlies and other materials
with metals, extremely high vacuums are required. To pro-
duce more efficlient vacuum tubes and eoaxial cables for
modern television and high frequency electronios,.bsttqr
vacuums are also necessary. This high degree of "emptyness"
is now assured with o1l diffusion pumps developed during
atomie research.

The tremendous research done on the atomic energy
project in the field of fluorine chemlstry has already
borne fruit. The taming of this unruly sas promises a far
reaching expansion of industry which will ereate countless
new produets ranging from improved paints, plastiecs, insect-
Iiéidon and textlles, to better electrical apparatus, and
. better automobiles made possible by lubricating o211l so stable
that gears and engines can be radieally redesigned.
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A nmew class of compounds discovered, known as the fluoro-
carbons, are important because, unlike the hydrocarbons,
they will not burn and will not react with any of the common
chemicale. As lubricants, they promise to be far superlor
to conventional olls and greases for heavy duty bearings,
where high pressures and temperatures are encountered.

2, Electronics Research

It has often been sald that World War II was an
electronie war. Automatic gun direction, radar, navigation
instruments, "proximity" bomb bursts - all these required
improvement and development of electronic componentas to a
hitherto undreamed-of extent.

One of the most spectacular developments to
emerge from military electroniec research was the radio
proximity fuze, officially known as the VI (variable time)
fuze:. Instead of being forced to make a direct hit on an
enemy target, the VI fuze made 1t possible for the bomb to
explode within a gGertalin radius of the target. Although
this discovery does not seem to have too much bearing on
the chemical and process industries, it brings the topie
of the thesis back to conservation, concerning the wood
and pulp industry.

Fighting forest fires has always been onge of the
greatest dangeras in the attempts of the American people to
conserve thelir natural resources. The above mentioned

proximity fuze has thus been put to use in this continued
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fight against the elements, Under a cooperative arrangement
betwveen the United 3tates Forest Service, the Army Alr Forces,
and the Bureau of Standards, experimental forest fires were
regently extinguished in the lolo Ratiomal Forest, near
¥issoula, Montana. American Alr Force planes dropped 165 =
gallon water -« tank bombs, which, under control of the VT
fuze, exploded over the fire at the height which had previous-
1y been calculated to have the greatest effect: This mebhod
‘hes since been proven in a number of actual forest Tirea du=-
ring the past year and has thereby shown that in another
fleld, war research has brought many benefita to peace time
production.

A good part of the "higher standards of living"
and "increased safety to 1life" referred to in the statement
of Dr. Terman, as quoted five pages back, haa come as a re-
sult of radar research. Better, more efficlent fluorescant
lighting is a concrete result of research on radar screens
ard has found 1ts way into every single industry in the
nited States for that reason. In the category of safety,
radar has made an outstanding shiowings One »f the first
peacotime applications of rader has oeen for marine naviga-
tion. TFor the first time, a vessel need not lay over in
port because of poassible acecldents in fog or adverse weather.
OCperatora of a radar-equipped Standard 01l towboat hauling
petroleum products on the %hio River, estimate savings to
be as much as 3100 an hour, in the form of additional wages
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and the like.

3. New Techniques Developed
one of the most important techniques developed

end accelerated by war needs wes the vse of large-volume
oxygen. TFormerly used in smell, expensive quantitles =
meinly in medicine = oxygen is now being manufactured cheap-
1y and in large quantitiea, as & result of war research.
First, a portable oxygen-producing unit, to meel the needs
of the armed services, was developed by the M. ¥W. Kellogg
Company, under contract from the Office of Seclentifle
Research and Development. At present, large-scale product=
ion of oxygen ir making synthetic gasoline from cocal possible
as described in Chapter VITI (2). This is a variation of a
progeas the Germans used during the war, ard is much more
efficient. This method of manufacturing oxygen has alaso
been utilized by the steel industry in producing & more
efficient production of ateel and at a lower cost from the
openhearth furnace.

Non-metallic materials, such 28 plastics, also saw
tromendous advances. The revolutionary eclass of sllicone
materials are already beling applied in at leamst half a dozen
forms., TIxtremely stable to heat, electrical forces and many
ehemicals, this material is finding use as elastlc and rigild
inauvlatior, as grease and olil in lubrication, and as a resin
to Pind high strength laminates. Polyethyline, another new
material, is now Tinding extenalve use as food packaging and
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electrical insulation. 3It1ll another is Teflon, & waxy
material which has phenmomenal resistance to all type of
corrosive agents.

New types of rubber were developed. 3clientlsts
during the war changed rubber from an electrical insulator
to 2 conductor of electricity. Sheets of this rubber be-
came warm when an olectrical current was passed through them.
Develsped by the United States Rubber Company, durlng the
war, they were made into heating elements to prevent forme-
aticn of ice on propellers and wing guns of Army alrplanes.
Now they are being installed in homes to provide heat, and
at the preasent time a four and a half room bungalow in
Enoxville, Tennessee, 1s being heated by this method for
about 850 a year.

Cellular rubber was developed during the war to
proteect occupanta of armored tanks from head injuries while
“travelling over rough terraln. The remartable gushloning
properties of this rubber are now belng ublilized in a pack-
aging material to protect television tubes and other delicate
equipment, and has opened up & new field of utilization for
the products of thils country's rubber industry.

Many new techniques were developed in government
laboratories themselves. The Naval Reasearch Laboratory, for
instance, was responsible for the following developments:

a) A non-flammable hydraulle fluid, compoased of polymer-
thickened solutlons of ethylene glycol, which is now being
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tested for use in commereial airliners; b) synthetie
lubricants - these synthetic greeses and olls are proven

superior for specialized uses to conventional petroleum

products; ¢) a rain repellent developed for alrplane winde
"mhields 1s now being made ¢ommerélially by the Norwich

IP%nrmaceutlcai Companys

These are only a few of the results of war re-
search and their application to the production processes of
e peacetime economy, but they should sufflece to show that
research in this line 1s well worthwhile, MNany wartime
disecovories are atill protected by govermment secrecy and
many more have been withheld from the market as they might
give too much of a competitive edge to that group which
would be utilizing the knowledge thus obtalned. However,
the work that has been done so far has given mansgement
many satlsfactory solutions to 1ta problems in the way of
production procesaes, lower prices, and marketable products,
and much more research 1s being carried out at the preaent
time sbout which nothing can as yet be written,

B. Benefits o the Consimers.>

l. Medical Hesearch

Benefits of war research, affecting every man,
woman and child in America, abound in the field of medliecine.

These developments, while perhaps not as glamorous as atomie

1. Product Engineering, January 1948,
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discoveries, are nonetheleas real., Tremendous advances in
medical research were made at laboratorles all over the
eountry, under the general direction of the Wartime Committee
for Nedical Research of the 0ffice of Scientiflic Research
and Development, headed by Dr. Alfred N, Righards, President

. af the Yational Academy of 3elences and Chief of the
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discoveries, are nonetheless real., Tremendous advances in
medical research were made at laboratorles all over the
country, under the general direction of the Wartime Committee
for NMedical Research of the Office of Scientiflec Research
and Development, headed by Dr. Alfred N. Richards, President
of the Natlional Academy of Sciences and Chief of the

Medilcal School of the Unmiversity of Pennaylvania,

One of the most spectacular medical advances of
the war was the production of penicillin. What was accom=
plished in a few short years, would have ordinarily required
a decade or more. Penlelllin was a laboratory curiosity be-
fore the warj its testing and eliniesal application, as well
as 1ts efficlent produetion to bring the price down to the
level of the average man, is & tribute to American sclentific
genius. In this, the executive, research, engineering, and
production staffs of about twenty manufacturers, the Northern
Reglonal Research Laboratories of the Department of Agriculture,
the War Production Board, the Office of Scientific Research
end Development, the Food and Drug Administration, the Office
of Production Research and Development, the Natlonal Research
Counell, the National Institute of Health, and other offiecial
and semi-officlal agencles had cooperated.

Another antiblotic to come out of the war 1s
streptomyein, which was discovered by Dr. Selman A. Waksman
of Rutgers University in 1944, As soon as it was shown by
researchers at Merck & Company, Rahway, N. J., that
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streptomyein could combat such diseases as tularemia,
influenzal meningitis, and certain urinary tract infections,
under strength of recommendations of Army and Navy doctors,

the VWar Price Board grarted priorities for plant construction.

Streptomycin has recently shown excellent results in the
treatment of tubercular sinus trouble and tubercular kidney
disease,

An ironie result of war research now promises to
benefit the fight agalnat cancer. It was discovered that a
mustard ges chemical, developed 1n research to kill or ine
canecltate human beings, arrested certain types of cancer
in laboratory animals. This chemical, known as "HN2" was
discovered slnultaneously and independantly at the Yale
University and Chicago University Medical Schools, under a
program of the Chemical Warfare Services. More than a
thousand people have already been treated with this compound
and results are being evaluated at the VMemorial Hospital in
New York. While physiclans are reluctant to make expansive
elaims for HN2, it has already proved useful as a palliative
treatment for leukemia and Hodgkins' disease, cancer of the
lymph nodes. Although doctors insist that there 1s no known
cure for cancer, HN2 has proven useful in relieving symptons

such as paln, poor appetlte, and damage to the nervous system.

A natural result of a global war is the fight
against global disease, Malaria, which has always been
something of a problem in the southern part of the United
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States, became an active menace to our troops fighting in
far flung Pacific and African outposts. This problem was
attacked simultaneously in laboratories all over the United
States and in England. Three new arti-malarial chemicals
resulted, which are now in peage~time use. These are:
a) Chloroquine, which is a suppressive for one type of malaria,
but is better than atabrine; b) pentaguine, which actually
cures malaria, although 1t 1s sometimes used with quininej
¢) paludrine, an English discovery which acts like chloroquine.
Tew insectidéldes and rodenticides were discovered
and promoted by war fesenrch. The spectacular chemical DDT,
although 1t was discovered by the Germans in the last century,
was developed for actual use under research contracts of the
Office of Sclentific Research and Development, and the
Department of Agriculture, The peace time use of DDT "ean
scarcely be overestimated," aceording to Dr. Richards.
"Its usefulness in aborting the typhus epidemic in Naples
was & dramatic demonstration of its value. Its usefulness
against all sorts of insects 1s being demonstrated daily."
Now, 1t may be possible to wage an effectlive war
against rodents with the use of ANTU und similar chemicals.
Another excellent rodenticlde, known as "1080", was dlscovered
and 1s now being made commergially. Plant growth regulators
such as British Anti-Lewisite (BAL), are putting plant
growth on a more scientific basis.
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2. Alds to Personal Comfort,
Promising more comfort to the individual in the

winter 1s a Navy-asponsored program for bioligical research
within the Aretic Circles Conducted by cilvilian scientists
of Swarthmore College and Cornell University, the group will
study the expenditure and economy of animal heat.

Of more immediate use are the varlous chewnieal
treatments for c¢loth that were developed during the war,
primarily Tor military use. Heating and humldity cause mildew,

fungus, and shrinkage. On 2 less severe scale, but perhaps

.Just as prevelent, 1s mildew and fungus-growth in the coastal

areas of the United States.. A war-developed chemical, copper=-
8-quinolinolate, which prevented clothing, tent febrics and
other cotton and leather articles of personal equipment from
deterlorating, 1s now being produced commerclally by the
Monsanto Chemical Company. It has been stated that if
"eopper-8" were inecorporated into tanning agents for leather,
transmitting athlete's foot in shoe stores would be impossible;
wearers of such shoes would have less chance of piecking up
the fungus.

A shrink-preventative process was developed for
the armed services by the Harris Research Laboratories,
Washington, D. C. Constant replacement of woolen socks had
become a serious problem in the Army and Navy. Approximately
100,000,000 pairs of socks were treated with this process,
with the result that the average life of the sock was doubled.
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This treatment malkes woolen garments resistant to shrinkage
during laundering.

Winter clothing will be lighter, warmer, and more
comfortable, as a result of still another war development.
First discovered at the University of NMichigan was the fact
that the silicagel, which ordinerily is used to absorb water,
when treated with a monomolecular layer of a speclal chemiceal,
acts as a remarkable insulant., A large rubber company is
now experimenting with clothing made from rubber latex with
the sllicae~gel bonded into 1t. This material has the property
of keeping the water out, but allowing body molsture to evap~-
orate through 1t. Jackets made from a single layer of this
material were recently distributed to duck hunters all over
the country for experimental wearj reports were unanimously

enthusiastic.

The two portions of this chapter have mentioned
in some detail the numerous advances made during the war
which have bernefited industry and the oonlumor; More speclf-
ically, beneflts to management have to be found in the effects
or applications of these advances.

Before the war the field of bdblologicals end
pharmaceuticals had fallen into somewhat of & slump in as
far as the production of medicines was concerned, partly
through the avallablility of German materials and partly
through purely intra=industry reasons. The war brought

. about numerous new dlscoverics in this field whiech aroused
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the industry to such an extent that it 1is at present one of
the most active in the country in as far as products turned
out is concerned. The inventions of radar and the uses of
radiolsotopes have made & considerable dent in the list of
accidents both in industry and to the population as a whole.
The use of radiolsotopes to deteet leaks has solved one of
the most pressing headaches of the management in thc chemical
and process industries which has always been plagued with
comparatively poor safety records.

Although the use of atomlec energy as a major
source of power seems to be somewhat premature, the work of
the General Electric Company in thelr newly establlished
Long Island plant seems to indicate that there will be a
considerable saving in power gosts as soon as atomie energy
can be harnessed succesafully. Of more immediate interest
is the fact that the fluorescent light, a2lso & major war
development, has already made a conalderable reduction in
the power consumed in offices and factories while supplying
the sane amount of 1llumination as formerly. Thease are
only a few of the examples mentioned in the text of the
chapter and there direct relationship to management problems
et the present and in the future. Such vork as the research
that resulted in synthetic toluene and synthetie rubber
speaks for itself.

Although the direct benefits to the consumer, as

coming directly from war research, are not as numerous as




those to induatry as a whole, the wordas of Dr. Terman
'q;xot.od previously are very true. Soclety as a whole has
benefited greatly from the tremendous research programs
carried out throughout the years of the war, and the so-
clety of the future will benefit the same way from expend=-
itures the govermment is incurring at the present time in
both atomlie research and the other branches of research
that it believes will have a direct bearing on any future
wars For this reason the ceriticlsm of federal expenditures
iy this field should be restricted to those who know more: -
about wi:e actunl finanelal requirements for such a progrem,
such as the managerial directors of industrial research who
in the future will be putting the government's research
results to use in thelr own specific filelds.
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OHAPTER XI
EVALUATION OF INDUSTRIAL RESEARCH

At a time like the present when research is playlng
such & major role in the chemical and process 1induatries,
gsome of which are spending as much as five percent of their
ammual net sales on this one field, 1t is of the greatest
importance to management to be able to determine by some
method the dollars and cents value of thelr investment.
There is an obligation on the part of every research direct-
or to prove in clean, crisp terms that the results obbalned
from large sums spent on research and development comprise
an adequate dollar return.

To satisfy this desire on the part of management
the Weatern Cartridge Company division of Olin Industries,
Incorporated, 1s at the present time using an "Index of
Return on Research" as evolved by the Research and Develop=
ment Division of the latter organization. Fred Olasen, the
Director of this Division, has given & number of addresses
before chemical and englineering groups throughout this
country on this scheme, and the remainder of this chapter
is an attempt to present the substance of these talks from
the avallable transeripts of his speeches.

A. Index of Return on Research

The success of an industry today is certainly de-

pendent on the quality of 1ts management. The prineipal

measures of quality in management whieh indicate success or




fallure largely depend upont

1. The clear recognition and statement of the
main purposes of the eorporation.

2., The abllity to gulde and eontrol the operations
8o thnf. thaae. purposeés are achieved.

The presidents of several nationally known cor-
porations were asked what they considered to be the main
purposes of their companies. Amazingly enough few top
executives had committed to writing a statement of thelr
purposes or of the policles vwhich they had adopted for the
aucceasful achievement of those purposes.

Most of these executlves agreed that the main
purpose was to earn & good reward for the owners of the
company - the stockholders. They also agreed that thelr
objective was to increase the earnings.

When asked more specifically, "Is one of your
goals to double the profits of the corporation within say
five years?", they agreed thet such & thing would be desirable.
It 1s obvious, however, that they have lald down no policy
covering the desired rate of growth of the corporation. UNo
point 1s more vital to a corporation thar establishing this
policy for the rate of growth of the corporation,

Even & more casual consideration of the projected
growth curve reveals that this cannot be based merely upon
e desire for inereased profita dut must involve a whole train
of other items of policys It might be thought that the
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gimpleast way to double profits would be to double the sales
volume, either hy increasing the size of the factory or by
building & new factorys Such a deelsion can only be based
upon accurate mowvledge of the market potentials, upon the
abllity of the corporation to scguire and train new personnel,
and upon the availabllity of extra capltel with which to fi-
nance the expanded activities. TFurthermore, maret studles
micht show that sales eould be lnereased 1f costs could be
lowered, and hence the tashk is thrown into the lap of research
té discover new processes which lower the costs.

However, in most businesses, the doublling or multi-
plication of sales volume is frequently Jjust not poasible,
becouse the maritet 1s t20 neerly saturated with the artilcle
belng, produced, and part of the business 1s too strongly held
by competitors,

Hew dollars ocan usually be made only by new products,
Incressing earnings by developing and selling new producta is
perhaps the most successful technique discovered by this
eountry’s moat progressive corporations.

This briigs to mind & company whose sales volume
has increased nearly ten fold in the last twenty yesrs, Two
thirds of thelr current products are new products, - that is,
they were not in existence twenty years ago, and these were
all ereated through research.

To accomplish this mapagement turns to research

for guidance. Monacement expceta that research will provide
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the charts for future courses of action, More specifically,
management views research as the insurance for maintenance
of 1ts future profits. Research must bring into existence
new products which will utilize the talents and resources
of the corporation and will integrate and strengthen the
total activities of the company.

However, 1ts existing products must not be neglect-
ed, and research must improve the quality of the current
products so that a strong competitive position in the sale
of these products can be assured. Likewlse, research must
improve the processes by which these products are produced.

Costs must be reduced so that profits can be secure.

In a corporation where research and top management
are well coordinated, research will present the chart for
future expansion of the corporation. Researcﬁ will estimate
the approximate capital required for this expansion and the
time schedule on which the capital should be available.
Management's function is to set the policy as to how much
of this proposed expansion wlll be adopted and to provide
for the finanecing.

Assuming competent operation of current manufacture
and sales, it will not be possible to double sales volume
other than by new products made in new factory facilities.
Taking as an example a corporation where annual sales of
#100 million, doubling the aéles will roughly need $100 to
125 millions new investment in plant, following #$10 to 15




million spent on successful researech. In short, management
views research as one of the main factors in protecting the
future success of the corporation,

Unless this broad viewpoint 1s maintained, research
may wonder into fields not properly correlated with the logl-
cal expansion of the corporate interests. On the other hand,
research may become 8o narrow as to be concerned malnly with
the deteliled and esoteric practices of the laboratory. It
is top management's job to set the poliecy into which fields
the company will expand with new products.

It is a falr statement to say that strong leaders
of industrial research are primarily concerned with economics
and only secondarily with technology, referring to egonomics
and not economies. It must be sald, however, that in saying
this the allusion is not to the application of finlecky book=
keeping practises to the operation of a research depeartment.
Nor is the importance of high scientific achievement minimized.
Even the highest sclentific achievement is only of use to
soclety when 1t 18 directed towards sound commercial and so=-
cial ends by wlise management. It cannot be denied, that
management is inereasing 1ts demand for proof that the re-
search dollar is earning a good return. Management is growing
more skeptical every day about research programs based on
blue sky profita,

Indeed the day 1s raplddy approaching when research
laboratories will have a sort of investment poliey similar to



that of a prudent man who has in his portfolio a balanced
assortment of bonds, preferred stock, and common stock. By
aralogy, the research department should expend 1ts efforts
partly on short range jobs which are certain, and which will
bring in & needed but small return. Those are the bonds.

It u;ll also expesnd a -laller‘proportion of 1ts effort on
longer range items in which the element of speculation 1i '
more pronounced. Those are the common stocks. In each case,
it will be a matter of poliey to calculate the probable re-
ward and to balance this reward against the risk., The more
original and the more daring a new concept, the greater is
the risk that 1t cannot be brought to fruition. However,
even & conservative management 1s glad when the research
department comes up ¥ith good, brilliant 1d;sa which challenge
management to give a strong vote of confidence.

Managerent wants ewvidence of courage, enterprise,
and enthusiasm in its research staff and frequently it will
approve acceptance of qulite severe risks when the anticipated
rewards are correspondingly great. But 1t will only support
the expenditure of large sums on long range research when ;
the research department has & background of proven accom=
plishment. This background of accomplishment can be accurately
- evaluated only where acceptable yardsticks exist with which
to measure the value of research.

In discussing the evaluation of research, it would

be well to indicate what kind of values are to be considered.



It is taken for granted that important aesthetic values

exist for those who find deep satisfaction in the performe-
ance of ereative workj that vital political values exist

for the nation which possesses such frults of research as

the atom bombj that great economic values exist for this
country as a recult of such researches as the cracking of

511l which has conserved the former's essential mineral wealth.
Likewise, it is taken for granted that great cultural values
have come from the development of the radio, television, etec.

Management is becoming acutely aware of its respons-
ibility for particlipating in the cultural, soclal, and po~
litical affairs of the town, the state, and the nation. The
Public Relatlons departments of large corporations are becoming
inereasingly alert to the public interest in the research
efforts of their company. Particularly is this true where
new dlscoveries have brought into existence new industries,
new employment, and new benefits to the public.

These are the broad gage values springing from re-
search, and it is believed that these values really motivate
most of those pursulng research work.

However & very narrow measure of values is being
referred th here, the dollars and cents profits which com-
prise one yardstick by which to measure the value of research.
This money value is chosen because, as the corporation tax
rate has decreased from wartime high levels, top management

has become quite critical about the returns to be obtained



from the research dollar.

The glamour of research 1s good for the courtship
period, but to keep meanagement wedded to the 1idea of contin-
ued research requires continued and substantial profits.

Most Research Divielons, in submitting their annual
or periodic reports, call attention to their ocutstanding
successes of the past year, and may even point out how much
increased sales has renultoh from the new product or how much
valuable raw material has been saved as a result of an im=-
proved yleld in a new process. Here a more precise auditing
of research is discussed.

It 1is usuélly fairly easy to evaluate 2 new process
where increased ylelds can be shown, or wvhere reductions of
labor or more effective utilization of by-products have been
established. levertheless, it 1s important to apply formal
methods to secure financial date that will have the same
kind of acceptebility with a Board of Directors that data
on profit and loss from manufacture and sales operations
receive.

The Research Division's position in the corporate
struecture will be much more clean-cut when 1ta output can
be appralsed with the same objectlivity with which management
measures sales and manufacture.

| In Olin Industries when a research project is

completed, a formal report called a Technlical Proposal is

submitted to the Works Manager, by the Research and Development
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Division. This Technleal Proposal outlines preclsely how
the proposed proceass will work in his factory. The speci-
fications éf all materlals entering into the process, are
given. Also, the controls which are necessary to establish
the quality of the final product, and sometimes of the sig-
nificant iIntermediate products, are Iincludeds Supporting
data are given for each step in the process, based upon
laboratory or preferable pllot plant rums. The type of
apparatus uvged to secure these data 1s described so that
factory englneers may design approprlilate Tull seale squilp=
ment, based upon the engineering data provided on the small
scele runs, A Technleal Proposal alsn e>ntains a statement
from the 3alea Department to the effect that the product
made by thia process is acceptable %> them in cecomparison
with the product made by the prior process. The Patent
‘Department "eclears" the process as not infringing current
patents.

An estlimate is furnlshed by the Financiecl Section
of the Reseerch Dlvision to show the additional earnings
which this process should produgce over the current process,
If the saving is large the Factory Manager wlll realize the
importance of putting the process into immediate service.
Management_will holZ him responsible for the loss incurred
each day the proposed process is kept out of operation.

Management has prescribed the poliey that this

Technleal Troposal must either be eccepted for plant trial
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by the Factory Manager or be rejected for causes stated.
The Technical Proposal just cannot rest 1dly on someore's
desk. If it is rejected the Research Division then has an
opportunity to correet errors which have been discovered
by the scrutiny of the factory staff. Experience has shown
that these errors can be greatly reduced by involving.- appro=-
priate members of the factory staff in the development pro-
jecet even from ita earliest stages.

When the Technical Proposal 1s accepted for factory
trial, the Cost Accounting Department lays down the base
line for the costs, as they occur in the exiating process,
as to raw materials, direct and indirect labor, yield of
finished product, amount of serap, steam, water, power, and
all pertinent overhead itema. The same accountants examine
the operations after the new process has been under trial
usually for three months. All changes in costs are attri-
buted to the new process, and the savings are recorded quarte
erly for one year. These process savings constitute one
item of what 18 known as an Index of Return.

It 1s admitted that this recording for one year
is entirely arbitrary, since the improved process may cone
tinue in operation and earn additional savings for many years.
However, the malin point ia to secure agreement with top
management for some acceptable method of evaluation, and
then use the information so eollected for measuring the

progress from year to year.
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A real difficulty is encountered when an attempt
is made tn place a value sn an improvement in an existing
product. If a product is not improved, 1t may lose the
acceptance of the customer, or it mhy require additional
expense in advertising and sales promotion to maintain the
previous asles volume against improved competitive products.
In the event that inereased sales of an improved pnoduet'
are secured, it is almost impossible to determine to what
extent this incresse 1s due to the improvement made by re-
search and what is due to the extra efforts of the Sales
Division.

After much study, Olin Industries adopted a plan
of reeording 3% of the net sales of an improved product as
a measure of its valve, Agein this is only recorded for
one year, Admittedly this percentage 1s arbitrary and may
not be appropriate with other eompanies for different types
of product. Likewvise, the interval of one year is arbitrary.
The basis upon which the number was selected in 0lin Induse
tries was that many progressive companies have adopted a
policy of a2llotting an amount equal to 3% of their net sales
to the research budget. The argument, therefore, is that if
3% of total net sales should be spent on research to maintain
the quality of the company's products against cempetition,
then 37 ought to be ragarded as a conservative measure of
such products as are improved.

= Again the endorsement of the Sales Depertment for
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the improved product 1s a necessary feature of the Technical
Proposal which transmits the project to the Works Manager,

When 2 new produet is developed, the same 37 of
net sales is recorded, but this time 1t is done for a perilod
of three years because of the admitted added difficulty of
developinz & new product to 1ts maximum sales.

These three items - 1) savings on improved pro-
cesses for one year, 2) 3% of net sales of improved products
for one year, and 3) 3% of net sales of new products for
three years - are added and called the "Index of Return".

This Index 1s complled each quarter and recorded graphically
to show comparative progress, The same chart records the
research expense during thet quarter. Obviously, the expense
in that quarter is not related to the earnings in that quarter
since there is almost always a year's, and probably two year's
lag between expenditure of research funds and the consummation
of the project in the form of actual production. (see Chart 1)

In addition to informing the Board of Directors
what progress is being made from quarter to guarter, the same
chart carries two other items. One 1s the estimated Index
of Return for completed projects, the Technical Proposals
of which have been aoe@tﬂ by the Works Menager, some of
which are in actual operation but for which audited returns
are not yet.available. The other 1s an estimated Index of -
Return on projcects whiech liave Leen completed, but the
Technical Proposals for which have not yet been accepted
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by the Yorks Menager. Both of these ltems constliture a
backlog of developments which should shortly come into
operation, and the extent of this becklog informs the
Directors what can be anticipated in the near future.
(see Chart 2)

Experience has shown that the estimation of the
probable Index of Return oan be done with suffielent accu-
racy to serve as a rellable gulde to fubure operations,
Obviously, the estimatesa are made by the same technique of
accounting that are applied to the proven operations.

(see Chart 3) r

One importent application of this device 1s to
permit the management of the Research Division to determine
vhat projects should be worked ons For example, if mane
power exists 1n the Division capable of carryling out, say,
50 projects, and 70 have been offered for consideration on
the budget for the following year, this Index of Return
device 1s used to select the best project, 3Jelection is

-then made of new 1tems which show the greatest estimated

Index of Return,

Use is made of the famliliar formula which has
been mentioned by R. E. ¥Wilson, Chairmen of the Board of
Standard 011 of Indlana, and by others, which gomprises
the ratios~ estimated return multiplied by probabllity of

‘success dilvided by estimeted reseerch expenditure. Admitted-

ly, the significance of this ratio depends on the judgment
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displeyed in eatimeting the probabllity of success, as well
as the estimates of return &and the amount of expenditure
necessary to complete the project. In 0iin Industries’
operations, this ratio should be not less than 3~1, or they
would be exceedingly dubious about the desirebllity of starte
ing the project. 3ome people who use this type of formula
set higher ratios, but 1t should te remembered that Olin's
returns are recorded only for ome year for process and ime
proved products, and for three years for new products.

Although this device of the Index of Return has
becn used for several years to measure the effectiveness of
0lin's research effort, it ought to be emphasized that it
does something else. It measures the abllity of the 3ales
Department to sell the lmproved or new productss 3till more
broadly, the Index of Return 18 one measure of the success
of the total corporation in replacing current products and
progessea with better ones.

Perhaps the most slignificant feature of this
Index of Return 1s the challenge 1t makes to the Researsch
Director to enlist fully the cooperative efforts of factory
and salea, and to demonatrate to top management the intimate
harmony with whieh thls team of Factory, 5ales and Research
does funectlon.

Thus manegement's view of industrial research
need no longer be a matter of unfounded conjecture. Rather,

management's view of industrial research can be objective -
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as impersonal and unprejudiced as the other sclentific
evaluations which come out of the research laboratory.
Management can ask research to submit its results to the
same kind of eudilt as is used to measure the productivity
of the factory or the Sales Department.

Finally, the Index of Return serves as a device
by which the technical activities and potentials of re-
search can be meshed continuously with management thinking.

Menagement 1s thus glven & new tool by which to
measure the past performance of research. It 1ls also

given binoculars through whiech to view the future,
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CHAPTER XIIX
CONCLUSICNS

The conclusions to be drawn from this study of
research have been largely made within the chapters theme
selvea. Every chapter within its pages holds the solution
to one phase of managerlal work. No longer e¢an there be
any denial of the fundamental nature and absolute naoonaity
of research in the chemical and procéss industries and the
final proof of this is in the faet that at the present time
that industry 1s atill at the top in comparison to the rest
of industry when comparing its sales volume and profits with
those of the pre-war years.

Of the $1,200 million spent annually on research,
industry consumes more than 3450 million, and the govermnment
the rest. To demonstrate the importance of research to the
ghemical and process industries it has been determined that
approximately one-fourth of the latter figure spent by in-
dustry as & whole 1s spent by the oll ecompanies on the re-
search that has resulted in the numerous advances and products
discussed in this work. Due to this fact the oll industry
has kept detailed records of its research expenditures and
returns, and has found out that research really pays div-
jdends. The Standard 011 Development Company, one of the
foremost o1l research orgemizations in this country, has
ghown that returns over a ten year period on every dollar

invested in research were $15.41, accounted for from three




ma jor sourges. The savings on royalties that would
otherwise have had to be pald out to competing companies
amounted to $3.72. The savings due to improvements in
existing processes and products that had to come about in
order to keep Standard 011 of New Jersey in the competitive
picture totalled $9.62. The last part of the return on the
research dollar was made up by $2.07 of added profits due
to new produota.l Nothing spealks better in this analysis
than these actual dollars and ecdnts figures, and those men=-
tioned above are the assurance that the oil industry will
continue expanding its research facilities.

Although there are many flelds of research that have
been somevhat neglected over the years, it has been the
attempt of this work to show them all in the light of thelr
actuval importance. One of these filelda, so badly neglested
till recently, is that discussed 1n Chapter VI under the
title of "Utilizetion". Only in the past few years has it
been made colear to management of industry, and especially
to that of the chemical and proceas industries, that raw
materials do not stem from an unlimited source and that
waste and effluent in rivers 18 not only a great expense to
communities but also harmful to animal and vegetable 11fe.
This realization has been the necessary push to make manage-

ment take advantage of the services of research in turning

l. Pamphlet of Universal 0il Products Company



these factors to profit by substitution and utilization.

In the years to cofie these phases of research will be glven
greater and greater importance due to the fundamental nature
of their purposes.

A similar lack of the realization of impending
doom exists in the textile industry, and only under the
extreme pressure of synthetiec fibers 1a the textile indus-
try reslizing the importance of research in the field of
improving the properties of its products. 8Some of these
results have been discussed in Chapter VIII but the actual
reasearch resources at present being utilized for this pure
pose are novhere near enough to maintain thg position of
the natural fibers in the face of such phenomenol fibers as
nylon, orlon and saran, which in the foreseeable future will
have auffiecient price reductions made in thelr methods of
manufagturing to be able to compete in the same market with
the natural fibers. In order to avold this depletion in
the c¢onsumption of natural fibers, management has had to turn
to research to improve the properties and applications of the
fibers in the form of impregnating chemiecals.

The preassure of war and the shortage of certain
strategic materials brought management face to face with the
problem of finding substitute products. As was explained in
detall under Chapter IX, not only did the products and pro-
cesses thus dlisecovered by research under the nressure of war

fill the need of the time, but emerged from that situation



to take thelr rightful place in the production line of the
poat war competitive market. These nroducts have glven
management a wider field for thelr ever hungry sales depart-
ment and have given them a large source of increased revenue.
The field of plasties is a unique one, as was
demonstrated in Chapter V, in the infinite variety of its
forms end aprplications. The plasties have not only increased
in production more than ten fold in the last ten years, but
they are replacing more and more other materials both in the
field of household utensils and strustural members. As a
class by themselves they are probably the moat luebative of
21l the produects that have eome from the researsh laboratory.
A faect not generally apnreciated by the public 1s
that the greater part of the chemical and process industries
is almost entirely devoted to the production of chemicals
and raw materials which are used as intermediates for other
marufacturers. As a whole the industry makes few finished
products, and hence 1f it inereases 1ts totel number of em-
ployees over the yeers, as it has done with the new products
eontinucusly beins placed on the market, additional thousands
are added to those industries which use and sell the products
of the chemical and procesa industrles. This has been one
of the major contributions of management to the labor pleoture
in the Tnited States, a contribution arisinz direetly out
of the utilization of the products of the research laboratore

ies.




_ Research under goverrment sponsorship and at
goverrment qoat has been developed to a greater extent in
the last ten years than ever before. Thls was largely
brought about by the recent war, but at@er the end of
World War II the research projects still continued to mul-
tiply. Outaide of atomie energy the greater part of gov-

ernment expenditure 1s in those fields in which manepge-
ment hea no immedlate interests, either due to the fact
that the profits to be obtained from the study being con-
dueted do not warrant the expenditure, or because in the
foreseeable future there seemed to be no need for the re-
sults of this research. The aynthetie rubber industry,
strietly a war baby, falls into the firat of the above cat-
egories, and 1f 1t were not for the price and production
quantity support of the produvet by the gobermment it would
be very diffieult for the producers to meet costs under
present competitive conditions with matural rubber. This
sltuation will be demonstrated even more realistically in
the first week of July when the aynthetic rubber industry
will be turned over completely to private enterprise by the
termination of the Rubber Act of 1948.

The study of synthetie fuels being conducted by
the Tnlted States Bureau of Mines falls into the seecond cat-
egory as mentioned previously largely because the o1l com-
panles at present see little cause for fear that thelr oil

resources are dwindling and are therefore unwilling to spend



the necessary sums of money that are needed to conduct

the research. The !nited States govermnment however thinks
it its duty to investigate this field in order to be able
to aild menagement, when the time comes, to be able to con-
tinue to place as mueh'liquid fuel on the market as the
eountry needs, especlally in case of another war.

It has been largely through the efforts of re-
search, in one of 1ts meny phases as dlscussed in this
work, that has brought this country to the position of
leadership 1t now holds and the esteem that it 1s looked
upon by the rest of the world., That wvhich has given rise
to this is the stimulation of scientific research to gain
increased knowledge of the materials and forges of nature,
so that this information can be used through ingenuity and
akill to oreate new and improved products for industry,
to find industrial applicationa for farm produets, and to
handle more efficliently this country's dwindling natural
resources. Increased technological advances through re-
seafch wlll continue to expand markets, decresse costs,

introduce new products, end create new industries.
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