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exactly 50% N-alkyl substitution in the diamine. 
Also, a polymer produced by reacting the dibasic 
acid with a mixture of N,N'-diisobutylhexa 
methylene diamine and N-monoisobutylhexa 
methylene diamine will not result in the produc 
tion of an elastic yarn. The accompanying 
drawing illustrates a triangular graph based on 
the use of mixtures of N,N'-di- and N-monoiso 
butylhexamethylene and unsubstituted hexa 
methylene diamine expressed in moi per cent of 
each amine in the mixture, the mol per cent 
of each amine increasing from 0% at the base to 
100% at the apex which bears the name of the 
particular amine. The area ABCD, shown as 
representing an irregular section of the diagram, 
defines the area which, for practical purposes, 
includes the mixtures of diamines on a mol per 
cent basis which may be used as the amine re 
actant for producing the polymers and products 
Of this invention. It Will be understood that 
While the area may be shifted Somewhat when 
other diamines and When other dibasic acids are 
used, the diagram, for practical purposes, repre 
sents the proportions of all of the N,N'-di- and 
N-mOno-Substituted diamineS and the Unsubsti 
tuted diamine which may be used. Generally 
speaking, the diamine mixtures will vary from 
75-0-25 to 45-0-55 to 0-55-45 to 0-90-10 within 
the limits of Said area, these numbers represent 
ing the mol per cent successively of the di-mono 
and unsubstituted amines. Thus, 40-20-40 rep 
resents a 50% substitution wherein 40% is the 
di- and 20% the mono-Substituted diamine and 
40% is unsubstituted diamine, the degree of sub 
stitution, e. g., 50 %, representing the moi per 
cent of the theoretica maximum Substitution 
possible. Since the limits are based on mol per 
cent, the Specific constitution and molecular 
weight of the amines will not cause any great 
change in the limits of the field covered by the 
invention. Likewise, the diagram may be ap 
plied in general regardless of the di basic acid 
used So long as the dibasic acid contains at least 
six carbon atoms in a, straight chain. 

N,N’-dialkyl and N-alkyl Substituted diamines 
which may be used in place of those specifically 
mentioned above are N,N'-dilauryl and N-lauryl 
hexamethylene diamine, etc. and in place of 
hexamethylene diamine, there may be used deca 
methylene diamine, et seq. As is so common in 5 
homologous series, the first member of the Series 
is abnormal. Thus, in the pre:Sent case, the use 
of methyl-substituted diamine, whether di- or 
mon- in combination with unsubstituted diamine 
will not yield an elastic yarr. From N-ethyl 
substitution up, within the conditions described 
herein, the yarns Will be elastic. Thus, a poly 
amide from N-methyl-substituted hexamethylene 
diammonium sebacate (60-0-40 amine mixture 
used) elongated only about 25% in the elastic 
recovery test, whereas the corresponding N-ethyl 
Substituted polyamide had an elOnligation Of more 
than 100% under similar testing conditions. 
X-ray diagrams also show the N-methyl-Substi 
tuted polyamide to be different from other 
N-alkyi substituted polyamides. It is not neces 
sary that the N-substitution be completely ali 
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4 
the Same for both the di- and mono-substituted 
animines and a different number of carbon atoms 
may comprise the different amines in the mix 
ture, e. g., N-alkyl substituted hexamethylene di 
amines may be admixed with Unsubstituted 
decamethylene diamine, etc. 

Likewise, more than one dibasic acid may be 
used in the mixture of polyamide-forming re 
actants to produce different types of interpoly 
amides. The dibasic acid, however, should con 
tain at least six carbon atoms in the straight 
chain. Sebacic acid is illustrative. Alternative 
representative acids include azelaic, pimelic, 
adipic, suberic and bis-4-carboxybutyl sulfide. 

5 Acids containing an even number of carbon 
atoms in the chain are preferred from the view 
point of melting point. * 

It will be understood that the area ABCD may 
shift somewhat depending on specific factors, in 
cluding the particular diamine or dibasic acid, 
the presence or absence of carbon substitution 
in either, the particular alkyl substituent and 
the use of interpolyamides containing two or 
more of the diamines or dibasic acids or both. 
In general, the area, ABCD will cover the useful 
range. 

It is to be understood too, that these illustra 
Étive examples, reversing as they do previously 
Conceived opinions, will make it possible for ex 
perts to SyntheSize related elastorners not specifi 
cally discussed and this invention contemplates 
Stich related polyamides. For example, one can 
iaWe interpolymers of different polyamides and 
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phatic; thus, in addition to the strictly alkyl sub- º 
stituents, the aralkyl group, exemplified by 
benzyl, may also be used for the N-substitution. 
The N-substitution in the case of the di-substi 
tuted diamine need not be the same for each 
Substituent. Furthermore, Warious mixtures of 
diamines, Whether Substituted or unsubstituted, 
may be used; thus, the N-substituent need not be 75 

leSS Substitutºon will be required as the unsub 
stituted interpolymer tends to have elastic prop 
Terties itSelf. Thus, an interpolyamide made from 
lhexamethylene diamine and adipic acid, hexa 
Rethylene diamine and sebacic acid, and capro 
lactam in the proportions of 40-30-30 described in 
Brubaker U. S. Patent No. 2,285,009 is already sol 
luble and of a low degree of elasticity. When in 
Such ain interpolyamide, the sebacic acid is re 
acted with a mixture of N,N'-diisobutylhexa 
methylene diamine and N-isobutylhexamethylene 
diamine to produce a final interpolyamide haw 
ing 21% of its nitrogen substituted, the polymer 
is SubStantially more rubbery than that of the 
simple system previously described. The poly 
mer has a low melting point and a high water 
Sensitivity, probably due to its complexity, but 
it can be quite interesting for certain uses. 
The copolyamides hereinabove defined, may be 

prepared from a mixture of separately prepared 
diiamine-dibasic acid salts as generally de 
Scribed e. g., in Carothers U. S. Patents Nos. 
2,071,250, 2,071,251, 2,071,253 and 2,130,948. 
These copolyamides, as described previously, 

have good recovery from high extensions. Thus 
an undra Win Unstretched yarn possesses an elon 
gation in excess of 100% and elastic recovery in 
exceSS of 90%. Sutch undrawn yarns, however, 
remain tacky for a considerable period of time 
immediately after spinning. The yarn gradually 
becomes non-tacky. Such reduction in tacki 
EneSS is promoted, however, by imparting a con 
siderable degree of stretch to the yarn after it has 
been extruded from the spinneret. Thus, if a 
yarn made by this invention is stretched 100 
500% by passing it between stretching rollers, it 
oSe:S tack, may be ea Si?y handled and may be di 
rectly WOUnd thereafter On a bobbin and may 
Subsequently be unwound therefrom. In connec 
tion with the matter of tackiness, it is preferred 
that inmediately after the yarns have been Solidi 
fied and anti-tack agent (e. g., tailc or other 



5 
àërt?söld, finan?ly divicédformài) liberapplied to 

theyarništopPreventinitial adherence óf the filla 
F?ritsatsit passes overithiešfirstigüide?or:Tröll. ft 

isã?lso prèferred to trê?ax fithreyarn as fit passes 
beyond the 'ždraw Tröll Sto a considerable extent 
inforderto?öbötainëarbållance of the deširedprop 

* Eitlesiðft?ra?it:yellogation?tàndrithelike. Thus, 
ffašytatnisödrawn 400% fitoîtie draw:roll,"itimay 
adv?ritageously bewound:up?astilowertension, rac 
öötiplishingithres desireddegree EöfarëlaxationEand 
giving?n över?ldirawratio of: 5:oran selon 
gätiönöf50%. The feisön for thisties in the 
fastétthit with agE?åtër degree of draw, tentacity 
ändëlašticrecövery increase,?elongation decreases 
"Tànidstheamoüåt öfforce fríodulusöf elasti?ity) 
required to extend the yarn, a given percentage 
also increases. Thus, the stretching and Winding 
conditions are preferably so chosen in accordance 
with well understood principlesiasto obtain the 
optimum relationship of yarn properties for a 
particular use. 
The temperature of Spinning-varies-depending 

upon the Spinning viscosity of the polyfaer, that 
temperature being used at which the Wiscosity; döf 
the polymer is suitable for spinning under the 
conditions used. Generally speaking, the temper 
ature of spinning varies from 200-285° C. Melt 
spinning is preferred, although Solvent-Spinning 
may be used if desired. w W 
The annealling temperature of the process. dof 

this invention is between 60° and -80° C. when“ a 
liquid bath medium is used. The starting?tem 
perature, of course, may be lower as longas, the 
yarn being treated does not pass.through the am 
nealing range faster than a minimumakheating : 
time of the order of %2 minute if the yarn isi in 
a package such as a cone, or 3 seconds if the yarn 
is in single strands. When air; ñitrogen, or some 
other heated gas is used as the heating medium, 
the temperature of annealing may be .higher, 
”70°-100°C öryb?ibanidät least5ºClower wet 
builb. temperäture, since the ràtesõf heät transfer 
from a "gas" to the yarnis such "that the heating 
rate. is diminished soºthåtithe conöditions. ôf the 
processas stätêdherein" are sübstantiälly mét. 
The factuåliheät-setting :temperäture in the 

casetöfi aliquid-bäthis” prëferably in the range 
*õif* 90°-100°C. At this temperature the desired 
d?gréé öfheät-settinig öccurs, depending uponithe 
size of thepa?kage, in a reason?ble length öftime 5 
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3A45%: aqueoussolution of a 40:20:40:ssatºrmix-a 

tütrešËconsisting OfG40SmOlper cent INN’édiisobu 
týlhexamethyleediam moralium sebarcate, 20 ròl 
Per cent. Nisóbutylhexamethylenediammonium 
Sëbacate andì40:nolipercent hexamethyleedi 
ammoniums?bacateisplateed:in ain:autoclavegad 
eWaperated at atmosphaeric?pressire: untilaistem 
peratrefiGf 132°C. ÉSiSåObtained. TEhe autocave 
isišthensealedland heated to3 225° C. for 3&hors, 
daring which' time, asteam pressure of:3225-275 
p. Ss. i. develops. "The i pressure developedijwill 
Way Withithe:free b)ardin the autoclave; above 
the : polymer. The temperåture :Of the bat?ih jis 
räised to 260°C. Givera period of:about one hour 
during which the pressureisinaintainedatabaut 
250 p. s. vi. þay-Venting Steam. After reaching a 
batch temperature of 260° C. the rest of the steam 
is released in 42 to 1 hour. The batch is then 
held at the Same, temperature and atmospheric 
pressure for half an hour. A vacuum is then 

y gradually applied i with agitation “until a pres 
--Sure.0f,1-25 mm. Hg is.reached. Agitationis 
continued Under the reduced pressure runtil the 
dešired idegree of polymerization.js tireached, as 
indicated by the melt viscosity. * R?lative vis 
cosity at this pöint is 35. The mõlten pölymer is 
then melt-spun by the conventional process 
throught-a. Spinneret into a cooling atmosphere 
where sólidification of the filaments occurs. 
After this solidification of the yarn occurs and 
before wind-up, "talc is applied toprevent the 
Sti?king of the individualifilaments. The Uygarnas 
spun has “ 15. filameints and a 430 *total denier. 
This, -yairn.is...then. diraWin by the conv?ntional 
Cold-drawing process (U.S., 2,290,232-Babcock) 
abotit 200% : so that* the final dernier is. in the 
vicihity of*200. This yar?n has a tenacity of .85 
gram per denier (g. p. d.) ar?d a break elonga 
tion of 360%. When a sample, pf.this iš drawym 

4 º Fyanis boiled; offs for aperiod of...10, minutes, it is 

ably nöt less than-5 minutes) . Again, as in the 
case öf'the anneälling treätment.iif. algas is. used 
as the heating medium, i.a. higher temperature, 
95°l05°C. Cdry" bulbs and about 5°C, lower wet , 
bülbtemperature, may bé toleräted because: óf the 
r?ducederate of. heat. transfer. 

Che following-specific: representative, examples 
further iliustrate the principlessand, practiceo. of 
this invention: 

observed.to, shrink. 40%. Several samples, òf this 
zdraW:n. but not boiled-off, yarn; are then-giyen an 
„annealing, treatment, as indieated below, followed 
by a final heartsetting soperation in waterat 
90° C.-100° C. to give a residual shrink?ge of the 
Order of 2-3%. The Farnis Qnegnes dºing, the 
annealing treatnadentand the beat Setting frat 
"ment. It is thus: heid at fixed.lengthandis not 
free: to: shrink. Todemonstratethe: improvemert 
of this inventioništhere:is-showning Table F&thae 
*differences from the inside to the routsideélöf the 
yarnº-package when -the-yarni paekage is exposéd 
*to *the finál’fheat-Sëtštingº temperature * *Withouta 
"prior * anneallingº“ treatmentas" comparédito'*the 
uniformity, of the product when this process'is 
us?di. No data are shown for yarn from the in 
side of the yarn package in the case dif, the ara 
„nealed. yarn, :simce...there is, no.substantial differ 
ence from, the outside, yan. 

öle II 

| Eocation 
: Example fofyarnin 

, le package. 

?. geti: 
utSide ---- 

First Yarn Heat 
'ºretklint 

Gutšideli: || 90º C:" water------------- 
* 90° C;:º Waters-2--------- 
5 minutes, 60°. 9. water---- 

* Gutšide-, 5.minutes, 70°C. water---- 
- "Outside.-- 5 minutes;80° C, water---- 

Elastic i Recovery ! 
|| 'Rercent : 
|Unexercised/ 
** Exercised, 

jTenacity $3', 
***(g. p. d) 

* 1897.1 
96.598.9 
93.4./97.8 
93.0/98.0 
9312/97.9: 

• 1, Elastic: recovery, taneškercised-The yar?m is stretched; 10% and held for 60 $ee., the released of 60 SE c. 
andreasuredagain...? :Percentre?3 very se 2Xörigirisil length-film? lei&tx&00 

' * “origina length F 
*** Fastic recovery exercised--The sample used: above istasedi?gajn; measTringa. Mew, originallength.” 
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which said yar?n is held for a period of at least 
about five minutes. 

5. The process of claim 4 wherein the unsub 
stituted diamine is hexamethylene diamine, the 
N-alkyl substituted diamine is N-isobutylhexa 
methylene diamine, the N,N'-dialkyl substituted 
diamine is N,N'-diisobutylhexamethylene di 
amine, and the acid is sebacic acid. 

OLAF A BREDESON. 
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