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" This invention relates .to  highly #lastic .syn-
thetic.structures.such .as. filaments, fbers, yorns,
‘threads, .etc., ;and..mare particulasly ito :a novel
method for heat-treating filamentary. structures
comprised of .cerfain N-alkyl substituted noly-
amides.

;Conolyamides formed from -various .mixtures
(within. limits hereinafter .defined) .of .salts of .2
straight chain .dibhasic cafhexylic .aliphatic acid
confaining.at.least six.carbon atoms in‘the €hain
and.an unsubstituted aliphatic diamine contain-
ing .at least five carben atoms’in the .chain and
a mono- and/or a di- N-alkyl substituted.ali~
phatic.secondary .diamine containing at leastfive
gcaxhon.atoms in fhe ¢hain, can be readily. spun
into filaments..and yarns :having .in.addition o
high tenacity, High heat stability, and high water-
Jinsensitivity, a.considerable.degree of streteh.and
anelastic recovery.compaxahle to vailcanized rib-
ber which .gives {them .o place .of .considerable
impartance in the. feld of textiles.and the like.

These highly elastic N=alkyl substituted:copoly-
amides when formed.into.yarn hy the.melt-spin-
ning :pracess -commonly .used .in .the nylon art
are drawn or .stretched by .a hoet or cold-draw-
ing process -up fo 500% .to improve both the
tenacity..and -recovery npuoperties. This may be
followed, if desired, by .a.relaxation.step which
gives.a. lower.net draw ratio. This.drawing .op-
eration,.even .after.rélaxation,.does nei stabilize
the yarn .to .shrinkage under bhoil-off conditions
or, indeed, under .conditions less. than those .ab-
served .at the beil. This is.unsatisfactory. since
fhe usefulness.of kuif .or woven fabrics .contain-
ing such @ yarn would .be seriously reduced. for
many texfile purppses Jif under normal .condi-
tions of “ifs use or washing, it were o Shrivk
25-50%.

In the past when such.an .unstable nature
has "been -noted ‘in ‘yarns made from various
polymeric materigls, a solution -has*been to heat-
set the -yarn -or fabric, “in -a single stage, ‘unéter
critical temperature :and -tension conditions so
that 4 -stable configuration results, ‘whi¢h con-
figuration iz normally resistant-to-shrinkage gur-
ing “finishing “operations -or -under -washing -and
irorting conditions of -the-final -garment. "It -was
found, however, ‘that -when such 2 ‘heat-setting
proeess Mn dhe vienity -of '80-100° €. was “tried
upon -eakes of N-alkyl (e, g, N=issbutyl) -sub-
stituted eopolyamide yarns, the yarn properties
from ‘inside to -outside -of the cake were not-uni-
form. The yarn in the outer sectionsof the cake
had tenaeity Jower than that in-the interior -por-
tion of“the cake, and,”in ‘fact, in some cases the
tenacity -of the -outer -yarn was orily “hslf that
of -the “inner ~yarn. “Fhe reason -for this -non-
uniformity was at first*thought-to be caused by
nen-uniform ‘heat transfer -through the eake.
This, “however, -proved to “be erroneous -when -it
was ‘found “that -even-single strands-of -yarn so0
heat<treated had -tenacity- cons1derably ‘infertor
1;0 that -of ‘the 'starting -meterisl. “Since # had
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{£Leen earlier moted that heat-setting .at.any tem-
perature below this range gave. yarns .less stadlile
and .of higher.shrinkage under boil-off, it scemed
Jobvious that a.new. process.of heat-setiing would
have 10 be evolved.

JAn dbject of fhis invention therefore is, with-
oub damaging the yarn properties, 1o juniform-
Jy heat-set the Highly extensible, Highly elastic
flamentary .structures formed from polyamides
comprising WN-dlkyl .sibstituted polyamiides.

_Another object is to provide.a method for hedt~

txeating .filaments, Goers, yarns, threads and like
structures of copolyamides .of .sebacic. acid with
“hexameéthylenediamine and with mono- ang/or
di-N-iscbutyl-hexamethylenediamine, wheréhy:to
uniformly heat-seb said.structures and effectivély
refiuce $he shrirkage thereof under hoil-off .con~
ditions.

“The above.and .other-objects willnore ¢learly
-gppear hereinafter.

“These dbjects are .accomplished: by this inven-
tion, which, bijefly .Stated, comprises sukiecting
oriented flaments, yarns, €hc,, prepared from N-
alkyl sustituted copolyamides.-whergin the.dlkyl

Lgroup(s) contdins at .least two.carbon stoms,.to

& two-stage ‘heat treatment. "This hedt-treat-
ment consists of .an initial exposure of the yarn
at  substantially constant length .to a .suitalile
dnert ‘heating medium such as heated water.ar
air af high rélative "humidity until the yarn 'is
‘heated to a temperature of from 60°=80° C,, fal-

. lowed by a_second exposure.to the medium until
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Yhe yarn [is ‘hedted to a temperature of .from
890-100°-C. “When using the process of fhis in-
vention, “it .is possible to .reduce .the shrinkage
underboil-off conditions fo.acceptable levels,i..e,,
2-5%.,. rather than the .25-50%..shririkage ¢har-
actetistics of fhe .non-heat-set .material, uni-
formly throughout the yarns or.filaments béing
treated in.various types. of yarn packages with-
out damage fo yarn tenacity.

"The particular .copolyamides with which this
Jnvention is cencernad.are those dbtained by xre-
acting under linear polyamide-forniing condi-
tions .2 mixture of unsubstituted -aliphatic-@i-
amine contdining.a . straight €hain of at least fve
caroon -atoms separating the nitrogen  atoms .of
the amine groups, and mono- and/or di- N-glkil
substituted dliphatic secondary diamine coxsain-
ing a strajght ¢hain of at Jeast five carhon atoms
sgparating the .amine groups and wherein ‘the
dikyl-group contains at least“two.carbon atoms,
with dibasic. dlighatic carboxylic acid containing
gstraight chain of -at least six carbon-atoms, in -
‘the proportions -of @bout one mol of conmbined
dlarmmesto onemol-of dibasic acid.

‘In-gll -cases, in Forming the reaction product
from- diamine and dibasic:acid, the aniine compo-
nents “must ‘be g mixture of unsubstituted i
amine -and -an “N-alkyl -substituted  secondary:
diamine. “Thus, the polyamide made only :from
N‘zsributylhexamethylene “diamine -and - sebagcic
acid s not an-€lastic -yarn dlthough 1t contains
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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-monoisobutyihexa-
methylene diamine will not result in the produec-
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 mol per cent of
each amine in the mixture, the mol per cent
of each amine increasing from 0% at the base to
100% af 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 aminge re-
actant for producing the polymers and products
of this invention. It will be understood that
while the areg may be shifted somewhat when
other diamines and when other dibasic acids are
used, the diagram, for practical purpcses, 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-
inig the mol per cent successively of the di-mono-
and unsubstituted amines. Thus, 40-20-40 rep-
resents a 509 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 mol per
cent of the theoretical 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 dibasic acid
used so long as the dibasic acid contains at least
six carbon atoms in a straight chain.

N N’-dialkyl and N-alkyl substitufed diamines «

which may be used in place of those specifically
mentioned above are N,N’-dilauryl and N-lauryl-
hexamethylene diamine, etec. 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 present case, the use
of methyl-substituted diamine, whether di- or
mon- in combination with unsubstituted diamine
will not yield an elastic yarn. 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 259 in the elastic
recovery test, whereas the corresponding N-ethyl
substituted polyamide had an elongation 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-alkyl substituted polyamides. It is not neces-
sary that the N-substitution be completely ali-
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the same for both the di- and mono-substituted
amines and a different numbker 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, ete.

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. Sehacic gcid is illustrative, Alternative
representative acids include azelaie, pimelic,
adipic, suberic and bis-4-carboxybutyl sulfide.

5 Acids contfaining an even number of carbon

atoms in the chain are prnfelred 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 diaminss or dibasic acids or both.
In general, the area ABCD will cover the useful
range.

It is to be understood too, that these illustra-
tive examples, reversing as they do previously
conceived copinions, will make it possible for ex-
perts to synthesize relafed elastomers not specifi-
cally discussed and this invention contemplates
such related polyainides. For example, one can

© have interpolymers of different polyamides and
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phatic; thus, in addition to the strictly alkyl sub- = -

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-
#uted diamine need not be the same for each
substituent. Furthermore, various mixtures of
‘diamines, whether substituted or unsubstituted,
may be used; thus, the N-substituent need not be

5

less substitut‘on will be required as the unsub-
stituted interpolymer tends to have elastic prop-
erties itself. Thus, an interpolyamide made from
hexamethylene diamine and adipiec acid, hexa-
methylene diamine and sebacic acid, and capro-
lactam in the proportions of 40-30-30 described in

 Brubaker U. 8. Patent No. 2,285,009 is already sol-

uble and of a low degree of elasticity. When in
such an interpolyamide, the sebacic aeid is re-
acted with a mixture of N,N’-diisobutylhexa-
methylene diamine and N-isobutylhexamethylene
diamine to produce a final interpolyamide hav-
ing 219% 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
diamine-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 undrawn unsiretched yarn possesses an elon-
gation in excess of 100% and elastic recovery in
excess of 90%. such undrawn yarns, however,
remain tacky for s considerable period of time
immediately after spinning. The yarn gradually
becomes non-tacky. Such reduction in tacki-
ness 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
loses tack, may be easily handled and may be di-
rectly wound thereafter on a bobbin and may
subsequently be unwound therefrom. In connec-
tion with the matier of tackiness, it is preferred
that immediately after the yarns have been solidi-
fied and anti-tack agent (e. g., talec or other
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b'inei'tﬁsolfd vm\ﬂﬁéw “diwded"mrm) ’be*ﬁpﬁited o

mm:s*a:s‘ ﬁ;zpasses: e\xertthe‘ﬂrsbguide' or: roil It
Isvdlso préferred Ho rélax tthesyarn as it passes
beyond thecdraw wréll<to a-~considerable extent
incorderttorohtainiatbalanee ofithe: destred:prop-
“grtiésiofitenaeity zelortgationzand:theilike. “Thus,
ifratygnis-arawn 4009 stol the idraw: roll, it may
advartareously berwound:upigtilowert tension, do-
gotiplishing ithe desiredidegree éf:rélaxationzand
“Elvinggn oversdlEdraw:ratioot: vorian elon-
AEEHONTOL 1507, . Theifedson forsthisilies:in the
faet that withcaigreatér degreeséfzdraw, tenacity
‘andielasticTecoveryinerease selongationidecreases
“arid Sherainotnt dfforce ntoddlus 1of elasticity)
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 principles.as.to obtain the
optimum relationship of yarniproperties for a
particular use.

The temperature of spinning-varies-depending
upon the spinning viscosity of the polymer, that
temperature being used at which the viscosity: 6f
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. ]

The annealing temperature of the process:of
this invention is between 60° and.80° Ciwhen-a
liquid bath medium is used. .Thesstarting-tem-
perature, of course, may be lower as long:as the
yarn being treated does not pass.through the an-

nealing range faster than a.minimum:heating-

time of the order of ¥ minute if theiyarn isiin
a package such as a cone,-or 3seconds if The yarn
is in single strands. When air; rfiitrogen, or soine
other heated gas is used as the heating medium,
+the temperature of annealing .may be.hjgher,
MO°L100°Cdry biilb and- st least 5°7C. lower wét
‘bulb. terperdtiire, since the rate.6f heat transfer
from e gas to the yarn’is such thit the hedting
rate.is diminished so"thit the" conditions. 6f the
process as stated herein are stibstantially met.
“The mactudl Sheat-sétting temperéature “in"‘the
.caseof o liguid-bith is préferably in the. range
8f90°=100°C. “At.this temperature’ the desired
degree 6 Hedt-setting oceurs, dependitig upor the

size of the package, in'd reasonable lensth 6f time
101 the order of I5:minites to axi hour™(but; prefer-

“ably,. ot leSS‘?bha;i‘S“mintteS) . “Agdin,.as’ in"the
‘case of ‘the annealing tredtment if.a:gas is used
as.the” heating medium, \a.- ‘higher”temperature,

B5°-105°7C. -dry bulb.and About’5°.C lower wet .55
biilb. temperature; may bé toleratéd because of the -

reduced rate of-heat.transfer.

“The following-specific. representative, examples -

sfurnther illustrate-the:principles..and..practice.of
thisrinvention:

“20 pressure for rhalf:anihour.

]

2A457 aqueousisolutionrof 24052040541t mix«
tureiconsisting of™0:mioliper ‘cent NN’ «diisobu~
tylhexamethylenediammoniumsebacate, 320 mol
per:cent :N=isébutyliexamethylenediammoniom-
"5 sBbacaterandi40:mol:perscenthexamethylenedi-
ammeninomsébacatesisiplaced:in anzautoclaveand
evaporated-atsatmosphiericipressure: untilaiitem~
peraturerof x132°:C. s obtained. The autoslave
igithenssegleédandrheated: to:225% C.: for:3:hours,
10 during:which’ time. azsteam»pressure of;1225-275
. 85, 4, “develops. “The ipressure :developed wwill
wary. with:thefree hoard:in:the: autoclave:above
the:polymer. “The:temperdture:of ithe: batéh is
Tdisedto 260°:C soverza: period.of:ahout onehour
A5 during which the:pressureiismaintained:at:about
250 p. s.d. by.venting steam. After reaching a
batch temperature of 260° C. the rest of the steam
is released .in ¥% to 1 hour. The batch:is then
"held at ithe same. ftemperature and.atmospheric
‘ A rvacuum isuthen
yvgradually “applied iwith agitation -until a pres-
-sure.of 11-25..mm. . Hg.is.reached. . Agitation.is
continued under the:reduced.pressure -until the
desired idegree’ of polymerization- is reaghed,.as
‘25 indicated by the melt viscosity. ~Rélative vis-
cosity at this point is"35. "The molten pdlymeris
then melt-spun by the conventional ;process
through.a spinneret into a cooling atmosphere
where solidification of the filaments occurs.
30 After this solidification of the yarn occurs: and
“before wind=up,“talc. is applied to.brevent the
sticking:of: the individualfilaments. The'yarn-as
vspun has “15.filaments and a 430%“total: denier.
This..yarn..is.then. drawn by .the _conventional
35 cold-drawing process« (U..S..2,290,232—Babcock)
Bhbout 200%s<so thattherfinal idenieris.in.the
vicihity 6f°200. This yarn has ja tenacity of .85
gram per ‘denier (g. p."'d.) and a break elonga-
tion of 360%. When a sample. of .this drawn
41 yarn.is boiled;off.for a.period of.10 minutes. it is
.observed.to.shrink: 40%. . Several.samples o6fithis
«drawn hut.not.boiled.off, yarn. are then given an
.annealing.treatment as.indieated.helow, followed
by a final.heatssetting .operation .in .water..at
45 80° C~100° C. to give a residual shrinkgge-of the
worder of:2-3%. sThesyarniis-on.cones:during the
sannealing:treatment-and.thesheatssetting: tresat-
“ment. {Ttis:thusrheld stfized:lengthiand:is not
freesto-shrink. To:demonstratethe: improvemerit
:oft this iinvention;there:isishowni inTTable Tithe
‘differences from: theingide to'the outside«6f-the
yarn-package when'the-yarn-package is‘exposéd
o the final*heat=settingtemperaturewithout-a
‘prior -annedling~treatment-as-comparéd-to-the
uniformity. ofthe product when this process‘is
uséd. "No ‘data are shownfor yarn from: the in-
side. of ‘the yarn package. in the case.of.the.an-
.nealéd yarn,.sinee.there is.no.substantial dlﬁer-

£0 ence from.the.outside yarn.

L]

“Tuble T
v \ R Elistic '
Tioestion First. Yarn Heat + Recovery ! Tenaclt\ et
»FUE X Ie ofyyarniin S Py byrrT | »Rereent | Fahrinkas
P packa“e "Eréatunent | Upeyercised; | & pid 1 Bercont
s E,ermsed 3
- Control.. (Outsides | 907 Crwater ool o 8/97.1 o7y 04134
- Control, o {msme.-_;_ ;009 G WRLRT oo oo oot *106:5/08.9! 1083, b
leeoe utside.._| 5 minutes, 60° C. water__. 93.4/97.8 083 w3
e S@utside.: 4 5.minutes,; 702C. water_ .. 93.0/98.0 085 3
X SO e ’Outside... -5 minutes;.80° Crwaters . <&‘»93"2/97 14 15082 S8

« 1L Elastic:recovery, unesercised—The yarn isistretehied: 106%:snd ‘hela for .60 sec., then rele?sed ,lor‘ BQ see.

i gnd measured-agein. Percentretivery:

2XOrigitid] length~final length
 ‘-original length

= K100

‘4 Riastie recovery; exercised-=The: sample used: mhove iswused:againy measuring & new, originaldength,”
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As an alternative procdure the yarn either on
a cone or bobbin or as single ends may ke entered
into a liguid bath maintained in the vicinity of
50-80° C. and the temperature raised as rapidly
as desired up (minimum time of the order of 30
seconds for yarn on cones, spools, bobbins, and
the like or about 3 seconds for yarn as single
ends) to the final heat-setting temperature in
the vieinity of 100° C. in the case of Table II and

8

at least one member of the group consisting of
an N-alkyl substituted aliphatic diamine and an
N.N’-dialkyl substituted aliphatic diamine each
containing a straight chain of at least five carbon
atoms and each alkyl group containing at least
two carbon atoms, and (3) a straight chain ali-
bhatic dibasic carboxylic acid containing at least
six carhon atoms in the chain, the relative pro-
portions of said unsubstituted diamine, said alkyl

1. The process which comprises heating yarns
of oriented filaments of a copolyamide produced
by reacting (1) at least one unsubstituted ali-
.phatic diamine containing a straight chain of at
least five carbon atoms separating the amine
groups, (2) at least one member of the group
consisting of N-alkyl substituted aliphatic dia-
mines and N,N’-dialkyl substituted aliphatic
diamines cach containing a straight chain of at
least five carbon atoms separating the amine
groups and each alkyl group containing at least
two carbon atoms, and (3) at least one straight
chain aliphatic dibasic carboxylic acid contain-
ing at least six carbon atoms in the chain, the
relative proportions of said unsubstituted dia-
mines, alkyl substituted diamines, and acids be-
ing such as to come within the area ABCD of
Fig. 1 of the accompanying drawing, in a medium
from the group consisting of water, and air at a
high relative humidity, to a temperature of from
60° to 80° C., at substantially constant length for
at least 3 seconds and thereafter healing said
yarn at substantially constant length and at a
temperature of from 96° to 100° C., for from about
5 minutes to about one hour.

2. The process which comprises heating yarns
of oriented filaments of a copolyamide produced
by reacting (1) an unsubstituted aliphatic di-
amine containing a straight chain of at least five
carbon atoms separating the amine groups, (2)

50
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90° C. in the case of Table III. The following 1p substituted diamines, and said acid being such
tables show examples of a yarn so treafed, the as to come within the area  ABCD of Fig. 1 of
yarn being the same as that deseribed in Table the accompanying drawing, in a medium from
I. The preoperties of the yarn at various loca- the group consisting of water, and air at a high
tions in the package are determined to show the relative humidity to a temperature of from 60°
uniformity throughout the cake. 15 to 80° C., at substantially constant length for
' Table II
Elastic %e- Stre;s' at Bresk Boil OF
T.ocation s - covery ! Per- e of ¥
Example | of yarn in Flr,%t %’%gleﬁeat cent Unexer- 'Et‘enac(litir Flon- Eaﬁgﬁ Shrinkage,
packago reaiim cised/Exer- | % P-4 | eation & ool | Percent
cised (e.p-d.) @
Ouigide.._| 50° C. water2.__|  93.3/98.2 0.75 .09t 312 3
4. Middle....| 50° C. water2.__|  94.0/98.3 0.75 .090 302 -3
Inside..._. 50° C. water2... 94.3/98.5 0.77 . 093 322 3
t Same as Table 1.
2 Initial water temperature.
Table 111
Flastic llge- Stg%‘sys at Break Boil-Oft
Location : covery ! Per- | m it " 0il-Off
Example | of yarn in F“%&é%geﬁem cent 1I?’Ee:;er- ’.([;exg.c(xits) Eltqr“i- glt?gu Skllprinkagte,
' aczage cised/Exer- | Vo4 H gation H ercen.
raciag cised (€ p.a. | Fercent
Outside...| 50° C. water 2.__ 93.0/98.2 0.88 . 084 289 3
T S Middle__| 50° C. water2___|  93.3/98.5 0.50 .085 296 3
nside. ... 50° C.waterz._.|  93.0/98.2 0.9t .089 301 3
1 Same as Table I.
2 Initial water temperature.

As many widely different embodiments may be at Jeast 3 seconds and thereaffer heating said
made without departing from the spirit and scope 40 yarn at substantially constant length and at a
of this invention, it is to be understood that said temperature of from 90° to 100° C., for from about
invention is not to be restricted in any way ex- 5 minutes to about one hour.
cept as set forth in the appended claims. 3. The process of claim 2 wherein the unsub-

I claim: 43 Stituted diamine is examethylene 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. )

4. The process which comprises heating a yarn

of oriented filaments of a copolyamide produced

by reacting (1) an unsubstituted aliphatic di-
amine containing a straight chain of at least
five carbon atoms separating the amine groups
and each alkyl group containing at least two car-
bon atoms, (2) at least one member of the group
consisting of an N-alkyl substituted aliphatic di-
amine and an N-N’-~dialkyl substituted aliphatic
dizmine each confaining a straight chain of at
ieast five carbon atoms, and (3) a straight chain
aliphatic dibasic carboxylic acid containing at
least six carbon atoms in the chain, the relative
proportions of said unsubstituted diamine, said
alkyl substituted diamines, and said acid being
such as to come within the area ABCD of Fig. 1
of the accompanying drawing in a medium from
the group consisting of water, and air at a high
relative humidity while maintaining said fila-
ments at substantially constant length, the said
heating proecedure proceeding gradually from an
annesling temperature within the range of from
about 60° C. to 80° C. within which limits the said
yarn is maintained for a period of at least about
three seconds to a heat-setting temperature with-
in the range of from about 90° C. to 100° C. at
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which said yarn is held for a period of at least References Cited in the file of this patent

about five minutes.
5. The process of claim 4 wherein the unsub-
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stituted diamine is hexamethylene diamine, the  Number Name Date

N-alkyl substituted diamine is N-isobutylhexa- g 2161766  Rugeley __._....._- June 6, 1939
methylene diamine, the N,N’-dialkyl substitutea =~ 307,846  Miles oo Jan. 12, 1943
diamine is N,N’-diisobutylhexamethylene di- 2,361,371  Hanson oo Oct. 31, 1944
amine, and the acid is sebacic acid. 2,517,570 IXONS oo Aug. 8, 1950

OLAF A. BREDESON.



