
N ILOrS. peacetime pi~~cluet ulncli bas  read} tor 
mi l i t a~ )  $ m i c e  when the need iiiorc. i;- an illu-- 
(ration of %hat cctn be acconiplished 1)) coordinc+- 

tion uf scientific iesearrh. engineering skill and indusiiial 
imagination. The specific product v~ds the result of ~ t i i  

expanded program of fundamental research in clieini~try 
u hich 14 ds instituted b y  the Un Poiit Company in 1928. 

The original aim ^a: to fill tome of tlie gaps in tlie 
k n o ~ l e d g c  uf important chemical processe- am1 to ex- 
plore new fields in this division of s c i e n c ~ l e t  the result? 
be what they ma\ .  As head of a grou1.i to engage in t l ~ i ~  
t jpe  oi research. thr late Wallace H. Carothers, a clicni- 
istry teacher at Harvard Unheri-it). bar  chosen. He 
wa3 surrounded h j  a small team of well-trained orgdiik 
r11eniist:- and was encouraped to work on pinlile111:- of 
Ills own selection. He i-hose the subject of p o b m e r i ~ a  
tion. the process 131 which sniall molecules of a cheniic~l 
unite to form larger molecules will] new and diffeient 
plijrical propertier. This is a process found fieÃ§i~f~rit l  
in nature: for example, in tlie formation oi IIIbhcf, tlic 
muscle of men dnd animals. certain otliei proteiii;- suJ i  
iis ra:cin of milk, and eclluloee. the building ~iialeiid] 
oi the jilai~t kingdom. 

Dr. (Ian~tlier;. war particularlj in~erested J I I  long-rliuiin 
pol?incrb. One oi the hrsi piactiral re~ult: to ro~iie out 
of the :-tudit,s ijf his group was neoprene. tlie s } n t l i t ~ l i i  

rnbl~ci-like nidteridl 1 1 0 ~  ~erfurni ing ~ i t a l  ~ i t ek ; -  in mili 
tar! equipment ciiid production niachi~u~r) . Tiits I C -  

sthdicliea of the latc Fatliei Juliii: A.  Nienw IJIIJ o n  aret)-  
f w  v.erf JII f-t-~enfial i~i~~itr ihii l i i i~i  to the d r ~ t ~ ~ o ~ i n c n t  01 

By 6. L. BUSSARD 

When heated in a molecular still. the arid and cilcoli~l 
combined i o  form polyesters-, having molecular weights 
up to 25.000. Dr. Carother* called these "super- 
polymers." In the spring of 1930, in r emo~ing  one of 
the "superpoljrners" from the still. Dr. Julian \I. Hill. 
one of Dr. Cdrolliers" associates, noted that it could be 
drabn out into a thin strand. like taffj cand). But 
unlike taffy, it was not brittle when it cooled. hi fact 
the cooled strand could be further drawn out to several 
times its original leiigili. This cold-ih a- i n g m a d e  tint 
fiber more transparent and lustrous. and what is niorc 
important, imparted increased strength and daaticitj. 11 
could now be tied in knots wi~liout breaking. 

At this point the course of the Carotliers group. v<hicli 
\\as working under the direction of the chernical depart- 
nient. left the somewhat meandering path of tlieuretic'al 
research for the specific road of practical detelopinent 
This \%as the real beginning. back in 1930. of i~ j lo i i .  
But while tlie I oad to ~ucceseful proihiction ui t l i i ~  55 11 

tlietir product \\a& etraight. it was In no rn t~at i~  iinootli. 
Mail! different cliernica1;- were tried out a1111 f i r i~ l l j  a coin 
bination whiih was- practical and potentiiillj ~ ~ a i l a l ~ l t ~  
in tlie L~ni~ed State:- nab cliosen to] conniit~iciiil i ~ l ' \ r l i ~ f ,  

nient. This \\as d d i p i ~  acid and lit~xcimetl~jlene diarnine. 
Pol j  mer from these rhernica1;- \Ã as called "polj nier 66." 
I.iecau-e tlierr die s-ix ~ J I  Lon  toi ins pjcli in thc d i~ini in  
and the ddipic dcid. 
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AT LEFT: Original casting wheel, part of the equipment constructed in 1937 to  make some of the first nylon. 
This original wheel (made over from an engine flywheel) is still operating. Extruded in molten form onto the 
wheel, a segment of which is seen a t  the left, the nylon solidifies into a plastic ribbon and is then carried up 
over the small take-off wheel and between air Jets in the "blower offer," which dry it. The ribbon is then 
chopped into flake, which is in turn spun into yarn. 
holes in this spinneret are extruded filaments of nylon. 
nylon yarn. 

cess- improvement \\a? cicclainied as proiidl) a; a 1)al))- 
li~frt * tep~.  ID March, 1937. 50 Latches Here run J I I ~  

86 hours oS continuous spinninpwere ~ ( w l i e d .  Jn Apijl 
the first experimental stuckings were knit from the new 
yarn, which &till was known o1il~ as '"libei 66." 

The Seafurd. I)t,Idi< drcv. 115 Jon plant ddrted pi U ~ U I  ti011 
in Dereitil)~r, 1939; \t onicn's 11) Ion lio?i('r) 111d& f~ OJII 

n~l i i i i  piodnced in the pilot plant ^a!- put o n  trial puhli, 
-die JII V~il~~iMigtoii. Delaware. j j i  Uctobei. l fJ.40: \'id!- 

made dtailiihle in all ritie: in tlie C O I I I I U ~  on NIaj J5 
1940. tind iininediatel~ h a n i t -  a ?II< ibe;-:-. 4 j~j)i-oxi tnaiel) 
O4.0O0.000 j)dil-. ol t i )  Ion lio'e H t , iv -old during tin> 
first ! edf. f$ 1 1 1 ~  ('ID?c 1941 t'II(il~g11 11) 1 1 ~ ~ 1  }a10 
had been i-liipped t i i  make a p j ~ i t ~ ~ ~ i n i a t e l j  175.000.000 
pairs. l\) l t ~ n  A a? a i ~ o  u-ied foi ~ o i n e i i ' ~  uiidt~l pal rni'ri~; 
girdles. a n d  a l o \ c ~ .  <md uecktit,Ãˆ (1:-lilitics a d  Irdtjeri. 
football pant?. tenilia rar'kel -triti+. hiti.-h i)ridlv?. ~ u r g i -  
cal suture'. and o~liei article-. 

AT RIGHT: The birth of nylon filaments. From tiny 
Filaments shown here will be wound together to form 

laboratory and trio n-y Ion plant? niaj be \ie\\ed. 
Production actual!) starts. however. at the 1111 Poiti 

Coinpanj's ammonia department plant in West kirginia. 
\\ here higli-pressure 2) ntheeis concerts coke o\cn gases 
and coal tar fraction? into adipic acid and hexamethylenc 
dian~ine. One of tlie intermedidte cliemicals used is dm- 
~nonia. \t liicli ir also made i)) high-pressure synthesis. 
r 3 Ilie elements eiiteiiug into tlie~c (~ompouiid? iire rdibon 
 from coal). nitrogen and oxygen (from air)  and hydro- 
pen and oxygen ifro~ii  uatrr .) .  .Hence the j)op.i]in rhar- 
c3cteri7atio~~ of inlon as a product of coal. air and water. 

At the NW-t Virginia plant the adipic acid and diamim, 
solution? are run together, i n  inedsured amount. into a 
atairilesn steel kettle. A reaction takes place and tlie t\io 
chemicals combine to form rijloii salt. the scientific 
name of which is lie-'iianiethylene-diammoriiuni-adipate. 

I t  is i n  the autocIa\e that tlit: po1)ii~eri~dtit)ii or link 
ing togctlier of small molecules into giant ones takes 
place. The nyioii salt J J I  suJutio~i is ioi~izcd a d  !hi> Jia 
mine and dibasic acid parts are disrociated. Earli nt 
there part? J I I ~ J  lie considered as a i-liort chain \\it11 a 
hook at t'ill~c-r tild. ljiider the h i t i~ i t :n(~ of licat the 
liooks unite: \\it11 each other First a diainiiii: unit hook? 



the new molecule. Again a diamine and an acid hook 
unite, with the formation of a longer molecule. Thi- 
linking up continues until extremely long moleculai 
chains or polymers are formed. This particular variety 
of polymer, containing many arnide groups, is known as 
a polyamide. 

Theoretically this polymerization might continue until 
chains of infinite length Mere formed. However, the 
desired consistency can be obtained by caiefully ran- 
trolling the temperature and the duration of the process 
and by the introduction a1 tlie proper moment of a 
chemical, "a stablizer." which closes the "hooks" at  
the ends of the molecules and prevents further linkages. 

When polyn~erization has been completed a 'lot in 
tlie bottom of the autoclave is opened and the viscous 
material is allowed to f l o t t  out on the surface ol d Lioaii. 
slowly-revolving wheel. termed a casting wheel i illus- 
trated]. A shower of water causes the polymer to harden 
into a translucent. milky-white rihhon. Two ION;. of ail 
jets dry the ribbon as it leaves the casting wheel en route 
to the rotary cutter, which chips it into flakes. The flake 
is subsequently dried to a specified moisture content. 

The next step is to blend the flake from several auto- 
clave batches. to insure uniformity, and then to pour tlie 
blended flake into the spinning hoppers. Each charge oi 
flake in the hopper is purged of oxygen by passing into 
it a blast of pre-purified nitrogen (nitrogen wit11 a11 

oxygen content of less than five-1000ths of one per cent). 
The nitrogen is then removed vacuum and this "wash- 
ing" process is repeated. 

The lalve at the loner end of the spinning hopper ia 
now opened and the flake falls onto a melting grid, ~ \h icL 
looks much like the coiled heating unit of an  electric 
cooking stove. Here again, circulating "Dowtherm" sup- 

is squeezed by a special gear pump into and through the 
spinneret assembly. 

Both tlie pump and the spinneret are \er\ important 
parts of the spinning machinery. The pump musk squeeze 
all the bubbles out of tlie viscous polymer and rnus~ de- 
liver it to the spinneret at  a cons~aiit rate to insure uni- 
form denier or thickness of the filaments. The spinnervt 
itself i s  a thick disc of metal about the diameter of a 
silver dollar and it is pierced with fine holes, flaring 
out like tiny funnels at the upper ends where llie polyrriei 
starts through. Before tliu polymer reaches tlie Zpinneret 
plate, however, it is filtered through a layer of sand. to 
insure snioothrie~s and purity. In early experinieiits iht, 
filter was a lay er  of phonograph needles, packed togetliei, 
points up, to g h e  an assemblage of roughly conical 
passageways. But metal corrodes and is difficult to clean. 
Cloth filters would be destroyed b\ heat. Sand v.as 
chosen, therefore, because it will withstand high lieai 
and because it is cheap and easy to handle. Spare s l~in-  
neret packs, already heated, are kept on hand in a healed 
rack much like a restaurant fateam table. 

As the thick syrupy polymer is squee~ed through tin" 
holes of the spinneret (illustrated) the filaments a re  
formed, at the rate of about .1,000 to 3,000 feet pel 
minute, and are air cooled. The filaments then con- 
verge and pass into a conditioner which moistens them 
sufficiently to make tlieni stick togellier as a single strand 

During the windup process the yarn passes over a 
lubricating roll, which puts a finish on the surface. This 
also helps the filaments stick together and prevents the 
accumulation of static electricity. 

The yarn is next pre-twisted. and several strands 0 1  

"ends" may be plied together at this point to make a 
heavier denier yarn. Denier is a term relating to the 

AT LEFT: Batteries of machines (see illustration, page 5) wind nylon yarn onto spools after filaments have 
been extruded from the spinnereis. Nylon yarn is "baked" in large "twist setting ovens" like the one illus- 
trated, before it is wound on spools and cones for inspection and shipment. A T  RIGHT: Spools of nylon 
getting their last windup before being shipped to converters and throwsters. This machine is one of a large 



weight, and therefore indirectly the finene-is of yarn. par- 
ticularly synthetic yarns. A. one-denier fiber is one of 
such size that 9.000 meters of it (9.842 yards) iieigli 
only one gram. A one-denier filament of nylon 1 1 s  a 
diameter of about one 2.500ths of an inch. 

Up to this point the yarn has undergone no real pi i y -  
siral change since i t  was first formed upon emergence 
through the spinneret. But now it is drawn, or stretched. 
by traveling hetween rolls reiolving at different qpeerlq. 
so that it becomes several times it" original length. This 
cold-drawing makes the long-chain crystalline molecules 
of nylon snap out of their helter-skelter arrangement and 
line up parallel with each other and close together. This 
increases the opportunity for powerful interrnoleculai 
forces to come into play and the result ic an exceedingly 
strong fiber. After the "draw-twisting." as this operation 
is termed, the yarn is again twisted and then. if desired. 
it is sized. An important sizing material used to pro- 
tect the yarn during subsequent textile operations is 
polyvinyl alcohol, another synthetic polymer. The yarn 
is then twist-set in a steam oven (illustrated). This re- 
lieves the internal stresses. in a manner somewhat similar 
to the annealing of steel or glass, and prevents the yarn 
from kinking. 

A number of tests are given the nylon to insure main- 
tenance of strict standards. One of them is known as thp 
creel mirror test. Several hundred spools are set up on 
a rack or creel and the ends are brought down in a 
broad band of parallel threads. These pass into a dark- 
ened booth. Here they are viewed almost end-on in a 

raking light. which throws long shadows and thus chows 
up the little irregularities and snarls that indirate broken 
filaments. The principle is the same a" that which causes 
small pebbles in the road to stand out prominently in the 
low, straight-on beam of thp headlight. A check is made 
of the number of broken filaments per 1.000 yards of 
yarn. 

Another test. in which the yarn is made to suppori a 
weight attached to an indicating pointer. reveals the 
qtrength or tenacity and the percentage of elongation. 

The nylon diii'-iions' product development men became 
interested in nylon as a possible replacement for silk 
parachutes early in 1940. started an intensive program 
early in 1941 and had a product ready to do the job 
when the Pearl Harbor attack December 7. 1941. sev- 
ered all connection ~ i t h  Japan and Japanese silk. Both 
nylon plants (a new one began operation at Martinsville, 
Virginia, in the fall of 1941 ) were diverted entirely to 
production for government purposes in February. 1942. 

Some of the war uses for nylon are confidential and 
strategically important. But it is no secret that nylon 
supplies not only the canopy cloth of parachutes, but 
also the tapes, shroud lines and certain of the harness 
webbing and belting. Nylon rope is superior to any 
other existing fiber with respect to strength. lightne-qs and 
durability. It has the additional property of elasticity. 
which makes it suited to such an application as the tow 
rope for gliders picked up by airplanes in a new maneu- 
ver which the Army has tried out. Nylon i s  a l ~ o  heing 

{Continued on Page 14) 

AT LEFT: Some of the numerous new nylon products. Arranged clockwise, beginning at the paintbrush with 
tapered nylon bristles, are: parachute harness webbing, parachute shroud lines, heavy nylon rope for military 
gliders, cargo parachute cloth, camouflaged Army Air Force escape parachute cloth, and light nylon rope. 
Centered in the photograph are, left to right: experimental molded nylon plastic bearing, carburetor dia- 
phragms of nylon fabric, and surgical sutures. AT  RIGHT: Some of the plastic forms nylon takes, together 
with a few of its newest uses as a synthetic fiber. From top to bottom are shown extruded strips of the plastic, 
coated fabric made by applying nylon in solution, insulated wire, and a coil spring. In the center, from top 
to bottom, are: nylon film, extruded rattan, braided machinery packing made from the fiber, various sizes of 
extruded tubing, and two rods. At the right of this view are a coil of narrow tubing, an electric motor bear- 

ing of the plastic, and nylon window screen. 



and  a c c u r a t e l ~  controlled. The  r e ~ u l t  is a heat- t~eat ing 
technique ii hirh is \pry prec i ~ f * .  set fiexitile and adapt- 
able  to production procwst"-. pai tit tilarl! 1, ith sm;ill 
parts. 

An entirt=ly different piohlcrn which E I I Q O  i's ~ o l i e d  nit11 
the high f r e q w r ~ c ?  o-cil lator is the pi otilcm of h~atin:  
an insulating material ~ i ic l i  a- plvuood. In  making Ii~rpe 
thicknesses of plywood. the iirotilern of heiitin";ti(, Ã § o o  
nniforrnl? in order to bond the sections together is rather 
difficult. Howpier. i f  the woo(! is placed in :I hig'h f r r -  
quency. high \oltao;e electrif field. heat hill  tw proiluced 
uniformly thronghoiii it- thickness and t i o n c i i n ~ w i l l  I I I L  
completed in nuic ti less time than uith the 11-ual steam 
press. Since the lieatiri";dl=s not come from outside, 
there w i l l  he a uniform treatment throiiplicut the Ã § o o  
and a more satisfactorv product -tiould result. Such 
"dielectric" heating may he a ~ i p l i c 0  in plasti( s of (iirion- 
sorts. and t'veri. On a mild scale. to the human bodi .  
Diathermy machines d a r e  proven of (onsideralilc talin 
to medicine. 

Electronic control and rnea-'urenierit devit e~ a re  too 
numerous to attempt to give more than a f ~ w  general 
ideas as  to their nature. Fir-t M P  might rnention ttie 
direct control of a current by an electronic 'switch uliicli 
is opened and closed antomalically a t  precise instant': 
of time. 4n example is the control used with resistance 
weldingeqiiiprnent.  Second. the direct cwitrol of a 
motor. Various kind? of devires a re  available to con 
trol the speed and direction of small motors. Third. 
the use o f  photoelertric devices to operate relays o r  other 
equipment when a light is  turned on o r  off. o r  two color.- 
a r c  matched. All sorts of co~tntin";nrct~atii~rr~s operate 
photoelectrically. Burglar alarms. smoke alarms a re  
often photoelectric. Fourth. tlie use of amplifiers t o  

made. on an experimental scale, into t i re  cords. and tests 
indicate that it is  by f a r  the strongest fiber yet found 
f o r  tire fabrics. In addition it permits the saving of 
weight and rubber in the manufacture of the tire. and it 
is particularly suitable where the tire undergoes <piere 
punishment. The strength and adaptability of riylon iii 
l a r ious  forms -filaments. bristles. "'u ire'" fur  experimen- 
tal nylon window screen-;, sheets and molded plasti( :ir 
ticles-indicate  hat its future should he as  hrillia~it ; I -  

its past. 
One of the most iriterestingrnew projects clc\eloped in 

the nylon research laboratorv is  in connection ui th tin 
r i y  Ion sa1va.w program. This  was undertaken t ~ e c a i w  
of the urgent need for more riy Ion for governmerit nut. 
T h e  high-prr-sure synthesis eqniprnent which rnake-1 113 Ion 
chernieals from coal. a i r  and isater. is :ilrcacl~ t a d  to 
apaciiy. and to make additiorial equiprrierit would rr 

( p i r e  large amourits of strate";c rrletal-: r ~ w d e d  for  :iii- 
planes. -hip<- and ordnance. The  logical alternative was 
to salvage nvlori scrap and make neii nylon out o f  i t .  
and several months ago the Du Pent Cornpanv l a ~ i ~ ~ d i e d  
such a scrap campaign. offeririg to bnv \laate j a r n  I roni 
textile mills and ~ a s t e  dealers. Collection of this inn 
terial is under goverriment direction. 

The waste nylon material is cubje" to n serieq of 
.ticrniral treatments. 

It  Ã§il tie. in effect. (hemicall! .'niiriiielecl" until yon 
a r r i t e  a1 the original t Ã §  starling chemicals f rom vihitli 

increase a small rciritrol-signal u p  to the point where i t  
7 ,  can accomplish sonic cle<irod result. [tie '-isilia1 nun 

(orrip from a distant radio station. f rom a telephone. from 
the pouncling of a f l i -  fr)otstcp- on a inicvipliorie. 01 

from any corireivable electrical sourre. Fifth. electronic 
mean'-; to measure -ticti f[iiantitii~* as tirnr ir1tena1'- 3'- 
sttort a- a millionth of a ~ecoi id.  dirrien-ional ehatigea a'- 
-sriall as  a rnillionlh o f  an in'-!I. 01 to rrieacure frequence. 
o r  count objects a t  ~peer l -  as  liiph a- 10.000 pcr criorifl. 
'Â¥Sixth in a d a s -  hy itself, ih f  catlmdc rat o~ci l~r~scf i~ i t - .  
no instrument ivhicti ( a n  Jiv used to x i - t i a l i~e  an3 trail- 
<-ient or recurrent elcc trical phenmrietia. and which i'- 
thus of the utrno-t \ a lne  in the anal is is  of  (orriplex 
irical circuits. Fur t t i e rmor~ .  it ( a n  lie 11-rd to great 
adtaritage in such diverse application- as  tht, a n : ~ l \ ~ i -  o! 
pressure lar iat ions in a gas engine rv linder and the meai- 
iircrnf>iit of the speed of rotating machinery. o r  it  r an  
Â¥-t'rv 22s a remote po'ition iridiealor. Fn electrital cir 
(wits it ma% he 11-efi a- ~Oltlrletfi-. ammeter. ohn'-i 
meter. frequency-meter. arld rnodi~latiori-rneter. 

1 s  the ~oss ib i l i t i es  of these circuits and eadoet's tic- , < 

come more vnrlely appreciated. it i* reasonable to expect 
that a great many neu applications and devices will ap-  
pear. When the full story of wartime industrial deiel-  
opments becomes known. it will be found that electronics 
helped to keep many a production schedule and  to break 
many a production bottlerier-k. 

Among the contributions of the twentieth century to 
technology. the  vacuum tube musl surely earn a place 
near the top of the list. Starting as  a scientific curiosity 
it founded a n  industry which affected our  lives almost 
as  much as  the automobile. Now doing its part in win- 
r i n g  the war, it will prove useful i n  peace, not alone 
in its own field. but a s  a veritable handmaiden of tech- 
nology in all its branches. 

it was made-adipic acid and hexamethylene diamine. 
First step is to boil the nylon scrap in a strong hydro- 

lyzing agent. I n  the laboratory demonstration this i-1 

done in a glass flask. to which is attached a r e f l n ~  con- 
fit-riser. On a plant scale it is carried out in a lead-lintd 
ves~el .  Bv the end of the first hour of t)oiline the f a l ~ r i c  
has eompletclv disappeared and the vessel contairls only 
a dark brown solution. 4 precipitate forms on cooling, 

Filtering through a glass fabric  separates the preripi 
tate. whir11 contains the adipic acid. f rom the filtrate 
which contains the  diamine. 

Each of the ~ H O  corriponent~ i -  firm. p~irified. Tlic 
adipic acid. ivhich is a powder and in the iiripiirified 
form rnaj lie any color depending 011 the amount  of in1 
purities prevrit ,  is redi~solvecl and r e r r y ~ t a l l i n ~ d  and i <  
then treated with decolorizing agent'. The-e steps yield 
a pure final product. The  diamine solution i'- nc11trali7~d 
In addition of lime. ~vtiicli produce< a precipitatr of cnl 
cinm sulfate. The  mother liquor i-s d r ~ n i n  off arid th 
untcr  distillc0 ri lT to l p a \ < ~  the diarnirie. The d i f i r r ~ i r ~  
which ha< a higher ho i l ingpoin t  than water, is no\i rlic 
tilled and it ~ o n d c r i ~ e ~  a" a fsolorlf"-^ liqiiid. uliich Oc 
rorries crystalline on coolino;. The  ""rcversr -1vrtth~sic" 
of r ~ v  Ion in to its cliemi( a1 components is now c o rnp le t~ .  

4 s  mentioned prrviou-ly, ihe future i- e \p r ( ted  tn 
find ati ever increa- ' inpiuiriber of i i ~ e s  fo r  this irltcrrst 
ing p r o d i ~  t. For  the prt serit. however. nil efforts nf 
those ( o n r t ~ n e r l  with the oro(liiction arid ininrov~~rricn~ of 
tnlort a r e  centered on riakitis its <ontrihutioti to tIw 
\I inning' of the war a s  full and (.onqiletfa as  possit~le. 
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