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This invention relates • to the preparation . of 
high molecular weight linear superpolymers hav­
ing unusual and valuable properties, • and more 
particularly it relates to the production of fibres 

5 from synthetic materials, and to a new method 
of propagating chemical reactions. 

Linear condensation polymers of various types, 
particularly linear polyesters, have been described 
in the scientific and patent literature <Carothers 

10 and Arvin, J. Am. Chem. Soc. 51, 2560 (1929); 
Carothers and Van Natta, ibid., 52, 314 (1930); 
Lycan and Adams, ibid., 51, 3450 0929), and in 
the applications of Wallace H. Carothers, Serial. 
Numbers 382,843 now Patent No. 2,012,267 and 

IJ 406,721 now Patent No. 1,995,291 filed August 1, 
1929 and November . 12, 1929, respectively). 
Through the application of the principles set 
forth in these citations, linear polyesters of mod­
erately high molecular weight have been ob-

. l tained. Thus, if ethylene glycol and succinic acid 
:..t in equivalent amounts are heated together in a 

closed container one obtains a mixture in the 
form of a liquid or pasty mass which is partly 
composed of polymeric ethylene succinate of low 

.• _ molecular weight together with water, unchanged 
_., succinic acid, and unchanged glycol. If the same 

reactants are heated in a distilling flask ar­
ranged so that the water can distill out of the re­
action mixture as fast as it is formed; practically 

... , all the succinic acid and glycol are finally used 
" up and the product consists of polymeric ethylene 

succinate having a. molecular weight of about 
1500. If the heating of this product. is continued 
in the distilling flask under vacuum its molecular 

.. . weight .finally rises to about 3000. At this stage 
···' an apparent limit has been reached, and so far 

as I am aware no linear condensation polymers 
having the same unique properties and having 
an average molecular weight as high as my new 

10 compounds have ever been prepared hitherto. 
The synthetic linear condensation superpoly­

mers produced in accordance with the present in­
vention are suitable for the production of arti­
fi.cial fibres which are pliable, strong, and elastic 

, ., and which show a high degree of orientation 
along the fibre axis. In this respect they re­
semble cellulose and silk which, as recent re­
searches have proved, · are also linear superpoly.:. 
mers. <Meyer, Biochemische Zeitschrift, 214, 

.-,v 253-281 (1929)). So far as I am aware, no syn­
thetic material has hitherto been prepared which 
is capable of being formed into fibres showing 
appreciable strength and pliability, definite orien­
tation along the fibre axis, and high elastic re-

;i.3 covery in the manner characteristic of the pres-

ent invention. It is true that Staudinger has 
frequently emphasized the probable structurnl 
analogy between polyoxYmethylene and cellulose, 
and he has shown (Z. Krist. 70, 193 0929)) that 
it is possible to obtain polyoxymethylene in the 5 
form of oriented fibres, but these fibres are only 

. a few millimetres in length and they are very 
fragile. It is true also· that threads or filaments 
can be drawn from any tough thermoplastic 
resin, and British Patent 303,867 (French equiv- 10 
alent 667,077) discloses a process for making arti­
ficial silk in which a condensation product of a 
polyhydric alcohol and a polybasic acid or its 
anhydride is employed as a raw material. Brit-
ish Patent 305,468 discloses a process for making 15 
synthetic fibres from a urea-formaldehyde resin. 
But there is nothing in the disclosures of these 
references to indicate that the filaments or fibres 
are sufficiently strong or pliable to have any 
utility, and insofar as I am able to ascertain, fila- 20 
ments or fibres produced in accordance with the 
disclosures of these patents do not have any use-
ful degree of pliability, strength, or elasticity. 

Before considering in detail the objects of the 
invention and the methods for their attainment, ~.3 
it will be advantageous, for a better understand-
ing of the present invention involving the pro­
duction of linear condensation superpolymers, to 
refer to certain definitions and considerations in­
volved in the production of the known linear con- 30 
densation polymers. 

I use the term condensation to name any re­
action that occurs with the formation of new 
bonds between atoms not already joined and pro­
ceeds with the elimination of elements (H2, N2, 33 
etc.) or of simple molecules (H20, C2H5QH, HCl, 
etc.>. Examples are: esterification, 

R---COOH+HO-R'➔R-CO-O-R'+H20; 

amide formation, 40 

R---CO-OC2Hs+NH2-R' ➔ 
' R-CO-NH-R' +C2HsOH; 

ether formation, 

R-OH+HO-R'➔R-0-R' +mo; 
anhydride formation, 

2R-COOH➔(R-CO) 20+H20. 

Condensation polymers are compounds formed ;;o 
by the mutual condensation of a number of (func­
tionally) similar molecules to form a single mole­
cule. 

Linear polymers are compounds whose mole­
cules are long chains built up from repeating 55 
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units. This type of structure may be symbolized < 1) Reaction may be intramolecular at some 
by the general formula stage Ci. e., it may lead to tlle formation of a ring). 

(2) The terminal functicnal groups responsible 
. . .'-A-A-A-A-A-A-A-A-A. • • for the prog;:_essive couplir.g may be lost or muti-

5 The unit or radical -A-, I call the structural lated through side reactions . 
unit of the polymer. Depending upon the nature (3) Mechanical factors such as solubility and 

5 

of the starting materials the units of a given kinetic effects may come into play. 
chain may be alike or different. I have devoted considerable study to reactions 

Linear condensation poiymers are linear poly- of the type defined above as .bifunctional con-
10 mers formed by reactions of condensation as de- densations and have discovered the following· 10 

fined above. Examples are: facts: Such reactions are usually exclusively in­

<a> 

15 

Polyesters formed by the intermolecular self­
esterification of hydroxy acids, 
HO-R-COOH+HO-Rr-COOH➔ 

HO-R-CO-O-Rr-COOH+H20 

2HO-Rr-C0-0-R.-COOH➔HO-R­
CO-O-Rr-CO-O-Rr-CO-O-R­

COOH+H20, etc.; 

20 Cb) Polyesters formed by the action of dibasic 
acids on dihydric alcohols, 

25 

30 

35 

40 

Cc) 

n HOOr--R-COOH+<n+DHO-R'­
OH➔HO-R'-O-<CO-R-CO-O­

R'-OhH+H20, etc.; 

Polyamides derived from esters of amino 
acids, 

• H2N-R-COOR' +H2N-R-COOR' + 
H2N-Rr-COOR'➔H~N-R-CO-NH-R­

CO-NH-R-CO-OR' +2R'OH, etc.; 

(d) Polyethers formed by the intermolecular self­
etherification of glycols, 

HO-R-OH+HO-R-OH+HO-R-OH+ 
etc.,➔HO-R-O-R-O-R-O-R-

0-R-O- etc.,+H20 

(e) Polyanhydrides derived from dibasic acids, 
HOOR-Rr-COOH+HOOC-R­
COOH+etc.➔HOOC-R-CO-O-OC­

R-CO-O-OC-R-CO-etc.,+H20 

It may be observed that each of these starting 
compounds contains two (and only two) func­
tional groups capable of participating in the con­
densation. I can such ccmpounds bifunctional 

45 compounds, and their reartions bifunctional re­
actions. My invention is concerned not with 
polyfunctional condensations generany, but only 
with bifunctional condens'.ltions. This restric­
tion is necessary since the presence of more than 

60 two functional groups in any of the reacting com -
pcunds introduces the possibility of developing a 
three-dimensional polymeric structure: and this 
involves a complication \\ith which my invention 

~ is not concerned. 5a It is a characteristic feature of .bifunctional 
condensations, such as those exemplified in the 
general equations (a), (b), Cc), Cd) and Ce), 
that they present the formal possibility of pro­
ducing molecules of infinite length. Thus the 

GO self-esterification of ten molecules of hydroxy 
acid, HO-R-CO-OH would lead to the forma­
tion of the polyester, 

HO-Rr-C0-(0-R-CO-) s-0-R-CO-OH, 
05 and this, sin6e its molecule still bears the terminal 

groups which were responsible for the intial re­
action, is (potentially) capable of reacting with 
itself to produce a new molecule twice as long. 

70 A continuation of this progressive coupling would 
finany yield ,a molecule of infinite length. 

In practice there are several factors that may 
be expected to interrupt this progressive coupling 
before the molecules have grown to any very 

76 great length. The following may be mentioned: 

termolecular at every stage, and the terminal 
groups responsible for the initial reaction are 
still present at the ends of the product molecule. 
Interruption of the progrei;sive coupling through 15 
intramolecular reaction (ring ,formation) occurs 
generally only through the formation of 5-atom 
rings, less frequently through the formation of 
rings of 6 atoms, and rarely through the forma­
tion of rings of 7 or 3 atoms., The loss or mutila- 20 
tion of terminal groups -through side reaction 
occurs only when patently inappropriate experi­
mental conditions are adopted. Thus in most 
cases there is nothing theoretically to preclude 
the possibility of producing exceedingly long 23 
molecules in bifunctional condensations. 

It is wen known that reactions such as esteri­
fication, ester interchang-e, amide formation, 
0therification, anhydride formation or acetal for­
mation are reversible react-ions, and that such 30 • 
reactions can be forced to compietion by the sep­
aration· of the reaction products as they arc 
formed. But from the facts outlined above it 
follows that if the rever1,ible reaction is a bi­
functional condensation, the degree of complete- :i:; 
ness of the reaction will regulate the size of the 
molecule in the polymeric prcduct; the more 
nearly complete the reaction, the longer the 
molecule; and the reaction can be absolutely com­
plete only when the product molecule is infinitely 40 
long. According to the present invention reac­
actions of this type are brought to a degree of 
completeness heretofore unknown. 

This invention has as un object the prepara­
tion of linear condensatic,n superpolymers, and -t.'> 
by this I mean linear condensation polymers ca­
pable of being formed intn useful fibres. A sec-
end object is the manufacture of synthetic fibres. 
A third object resides in a method of propagating 
reversible chemical reactions involving the si- ;,u 
multaneous formation of volatlle and non-volatile 
products. 

The first of these objects, briefly expressed, is 
accomplished by subjecting the linear polymers 
resulting from reversible bifunctional condensa- ;,,, 
tions to the action of heat under conditions which 
particularly facilitate the removal of any possible 
volatile reaction products. The second of these 
objects is accomplished by spinning or drawing 
filaments from a synthetic linear condensation Lill 
superpolymer. The third object is accomplished 
by utilizing a molecular still, for removing the 
volatile product or products of a reaction where 
their effective vapor pressure is too low to be 
removed· by the usual distillation technique and 1;;; 
where the non-volatile product is substantially 
completely non-volatile. 

It may be observed that the results described 
herein furnish a very satisfactory verification of 
my theory. It is to be understood, however, that iO 
I do not desire the claims to be limited thereby 
inasmuch as the theory has been presented in 
detail merely to make clear the nature of the 
invention and especially to explain the terminol­
ogy used in describing it. 75 
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For a more complete understanding of the na­

t urc of the invention and the method of carrying 
it out reference may be had to the following 
cnmparison of the properties and methods of 
production of a known linear condensation poly­
mer with my new linear condensation super­
polymer made from the same materials. 

It has already been mentioned that the poly­
ester. ethylene succinate, can be obtained by 

Jo 11..'ating together succinic acid and ethylene gly­
col. and if the heating is finally carried out in 
a good vacuum the polyester finally obtained has 
a molecular weight of about 3000. This mate­
rial is a brittle, opaque solid which melts at 

1.-, about 100° C. to a very viscous liquid; it dis­
solves readily in certain solvents (e. g., chloro­
form) and can be precipitated or crystallized in 
the form of a dusty, white powder (microcrys­
talline). This material has very little utility as 

~o ~uch. In the massive form it is rather fragile, 
weak, and brittle. 

But now according to the present invention I 
submit this polyester to conditions which favor 
further reaction (esterification or ester inter-

~;; change) and at the same time cause a very com­
plete and effective removal of any possible vola­
tile products. For example, I heat this poly­
ester at 200° C. in a molecular still, more specifi­
cally referred to hereinafter, for several days. 

:rn A small amount of volatile material is removed, 
and the polyester which -remains as a residue 
is found to have a much higher molecular weight 
(considerably higher than 10,000). It is my 
theory that this effect is due to a co11tinuation 

.,., of the initial bifunctional coupling, i. e., the 
terminal groups of the initial polyester molecules 
react with each other to produce still longer 
molecules. In any event it is a fact that the 
new product although it closely resembles the 

'10 initial polyester in its analytical composition 
and chemical behavior, nevertheless differs pro­
foundly from the initial polyester in its physical 
properties. 

The new superpolyester is an exceedingly 
45 strong, tough, and flexible mass. It is opaque 

and on being heated to about 100° C. it melts, 
i. e., it becomes transparent, but the molten 
mass at this temperature is so viscous that it 
shows no tendency to flow. When brought into 

;;o contact with solvents this material imbibes sol­
vent and swells before dissolving, and :finally 
yields highly viscous solutions. But the most 
remarkable property of the new superpolymer 
is its capacity to be drawn out into :fibres or 

,,;; threads which are pliable and strong and which 
have a high elastic recovery and which show 
evidence of a high degree of orientation along 
the fibre axis. 

The molecular still which is referred to above, 
nn and is more fully described below, consists es­

sentia1ly in· a highly evacuated vessel provided 
·with a condenser placed at a distance from the 
evaporating surface less than the mean free pat~ 
of the evaporating molecules. It is to be ob-

(i,i served that in molecular distillation, where ar­
rangements are made for the capture of most 
of the escaping molecules in their first free paths, 
which in the specific instance above has been 
carried out by means of a molecular still for the 

,o production of the ethylene succinate superpoly­
mer, the situation is radically different from 
ordinary distillation where the removal of the 
escaping molecules depends upon an appreciable 
vapor pressure, (as in the preparation of the 

7 G known polyester ethylene succinate referred to 

above) , of the compound distilling and a conse­
quent stream of vapor from the distilllng sur-: 
face sufficient to prevent return. Ordinary dis­
tillation thus fails as a means of displacing equi­
libria when the vapor pressure of the distilling 5 
substance falls to a value below that necessary 
to maintain a continuous stream of vapor. When 
this condition obtains the situation is that of a 
dynamic equilibrium where as many molecules 
are reflected back by collision and reenter the 10 
evaporating surface as escape from it. Under 
these conditions equilibrium will be displaced 
only by the relatively slow process of diffusion of 
the volatile product or products to a part of the 
apparatus from which return is impossible. 15 
When molecular distillation is carried out with 
a. molecular still, the distillation is conducted 
under very low pressure with a condenser so ar­
ranged that the distance from the distilling sur­
face to the condenser is less than the mean free 20 
path of the distilling molecules at the pressure 
and. temperature used. Under these conditions 
any molecule escaping from the distilling sur­
face enjoys a very high probability of reaching 
the condenser without collision with another 25 
molecule. The condenser is maintained at such 
a temperature that the escaping tendency of 
the molecules of the distillate is negligible. A 
convenient form of molecUlar still consists of a 
tube or vessel in the bottom of which the dis- 30 
tilling substance is heated, and a second tube 
fitting tightly into the neck of the first tube 
and extending therein so that the bottom of the 
second tube which forms. the condensing surface 
is within the required distance from the distill- :;;; 
ing surface, provision being had for the presence 
of a cooling medium in the second tube and for 
the application of vacuum to the chamber formed 
by the internal walls of the first tube and the 
external walls of the second tube. 40 

Apparatus useful in carrying out my inven­
tion is illustrated in the accompanying drawing 
in which the single figure illustrates a form of 
molecular still. 

In the drawing, the numeral I indicates a 45 
spherical glass vessel closed with a stopper. 6 
through which passes the neck 3 oLthe condenser 
element 2. The condenser element 2 is provided 
with outlet and inlet tubes 4 and 5 for circula­
tion of water or other cooling fluid. Leading into 50 
the spherical glass vessel I through the tubular 
portion 11 is a glass supporting member which 
carries lead wires IO from a suitable source of 
electric current to the heating element 8. The 
numeral l indicates a dish which is heated by 55 

the element 8 and which is used for holding mate­
rials from which volatil1: products are to be re­
moved. The tubular portion 11 is provided with 
a tube 12 for application to a source of vacuum 
and with a stopper 11 fitting snugly around the 
lower end of the member 9. 

For the successful operation of molecular dis­
tillation the following conditions must be ful-
~~ = M 

( 1) The reaction mixture must be maintained 
a.t a temperature at which the rate of reaction 
{s appreciable and the volatile product to be re­
moved has a significant vapor pressure (10-5 

mm. or above). 70 
(2) The condenser must be maintained at a 

temperature at which the volatile product will 
have a negligible·vapor pressure. 

(3) The pressure must be sufficiently low to 
render the mean free path of the distilling mole- 75 
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cules equal to or greater than the distance from 
the evaparating surfa<:e to the condenser. . 

The method' is of course very flexible. The 
temperature of both the reacting mixture and the 

5 condenser may be varied over a very wide range. 
The expression_~•mea,n free path" used herein is 
emp~oyed in the usual sense and may be defined 
as the-mean distance traveled by a molecule be­
tween successive collisions with other molecules. 

10 The value of the mean free path (L} in centi­
meters is given by the following formula: 

L=:12.86•M 

15 where -n is the viscosity in c. g. s. units, p the 
pressure in mm.; T the absolute temperature, 
and M the molecular weight. The following table 
gives values of the mean free path of mercury at 
various pressures at 0° C. 

20 

25 

Pressure M.F.P. 

em. 
o. 75Xl0-1 mm. or Hg 3.24 
0. 75Xlo-◄ 32.4 
0. 75Xl()-I 324. 

The values for other substances will, in general, 
be different but of the same order of magnitude. 

30 It is advantageous to arrange the condenser at 
a shorter distance from the evaparating surface 
than the higher values of the mean free path 
of mercury given above, ordinarily less than 10 
centimeters. The maximum distance that the 

35 condensing surface may be-placed from the dis­
tilling substance depends upon the pressure used. 
The permissible distance is greater at very low 
pressures and in some instances may be as high 
as 20 centimeters. 

While molecular distillation is not new per se 40 
as disclosed by the following references: Wash­
burn, Bureau of Standards Journal of Research 2, 
476, (1929); Burch, Proc. Roy. Soc. (London) 123, 
271, <1929); Bronsted and Hevesy, Phil. Mag. 

45 43, 31 (1922); and Synthetic Organic Chemicals, 
Eastman Kodak Co., Bulletin, Vol. II, No. 3, Feb. 
1929, molecular distillation .has heretofore been 
applied to processes involving nothing more than 
the separation of substances by distillation, as 

50 the separation of the isotopes of mercury, and not 
for the purpose of propagating chemical reactions 
and more particularly reversible reactions involv­
ing the simultaneous formation of volatile and 
non-volatile products. The principle of mass ac-

55 tion, i. e., that when two reactants A and B 
react to form C and D in such a way that an 
equilibrium mixture of A, B, C and D is formed, 
the reaction may be forced to completion by con­
stantly displacing the equilibrium by continuous 

60 removal of either C or D or both, is of course well 
known. This principle applies equally to reac­
tions where only one or more than two reactants 
or products are involved. This type of reaction 
is exemplified by esterification where the reac-

65 tion is forced to completion by distilling off the 
water as fast as it is formed, by ester interchange 
where an alcohol or a phenol is continuously re­
moved by distillation, and the like. The simul­
taneous application of these principles of mass 

70 action with those of molecular distillation to pro• 
mote or propagate chemical reactions where the 
effective vapor pressure of the more volatile prod­
uct or products is too low to be removed by usual 
distillation technique and where the non-volatile 

76 product is substantially completely non-volatile, 

is, however, believed to be a new and valuable con­
tribution to chemical ·science. By conducting 
such a reaction under the conditions of molecular 
distillation, any molecules escaping from the re­
acting mixture are removed with a negligible 5 
probability of return, and the equilibrium con­
sequently is irreversibly displaced. By means of 

. the application of these principles in the present 
invention reversible reactions may be carried to 
a degree of completion hitherto unknown for the 10 
production of various new and valuable products 
of which the linear condensation superpalymers 
herein described are examples. 

The following is a more or less typical exam-
ple of the method of carrying out the invention Hi 
by means of a molecular still: 

Example I 

Hexadecamethylene dicarboxylic acid and tri­
methylene glycol (molecular ratio 1:1.2) were 20 
heated together first at atmospheric pressure for 
3 hours at 170° C. to 180° C. and then under 1 
mm. pressure, for 7 hours at 220° C. The brittle, 
waxy product was crystallized from hot ethyl ace­
tate from which it separated as a microcrystal- 25 
line pawder. A sample of polyester prepared in 
this manner (average molecular weight ca. 3500) 
was heated at 200° C. for 7 days in an apparatus 
arranged with a condenser cooled by circulating 
tap water 2 cm. above the distilling surface. The 30 
pressure was maintained at 10-5 mm. or below. 
The reaction proceeded with the accumulation 
of a small amount of low molecular weight mate­
rial on the condenser. The polyester before this 
treatment was a ·microcrystalline powder; in the 35 
mass it was brittle, opaque, and very weak me­
chanically. The product after. the molecular still 
treatment was a tough, flexible, elastic, trans­
lucent mass which had an average molecular 
weight of at least 12,000 and which could be 40 
"cold-drawn" into strong, lustrous, pliable, elas-
tic, highly oriented fibres. The phenomenon of 
cold-drawing will be more fully described below. 

The preferred method of transforming linear 
condensation polymers into the superpolymers 45 
consists in heating the polymer in a molecular 
still. It is to be understood, however, that irre­
spective of the method of preparation my inven­
tion includes the entire class of compounds des­
ignated by the term synthetic linear condensa- 50 
tion superpolymer, since no members of this class 
have been described or produced hitherto. 
Among the suitable methods, in addition to the 
use of the molecular still, by means of which the 
reaction may be carried out there may be nien- 55 
tioned the passage of an inert gas or an organic 
vapar through or over the molten polymer with 
or without the use of reduced pressure to carry 
a.way the volatile products. The reaction may 
also be carried out in a solvent with or without 60 
the addition of catalysts with arrangements for 
distilling and returning the solvent after separat-
ing the volatile products of the reaction distilling 
with it. The purpose may likewise sometimes 
be effected simply by prolonged heating in a 65 
good vacuum, and it is advantageous when using 
this method to have the material spread out in 
a thin layer. In certain cases also this purpose 
may be effected by using powerfully adsorbent 
materials such as silica gel, absorbent carbon, ac- 70 
tivated alumina, etc., to bring about the irre­
versible absorption of the volatile reaction 
products. The reaction must be carried out at 
a temperature high enough to make the rate of 
reaction appreciable but low enough to avoid 75 
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any thermal decomposition. . The use of 
peratures over aoo• c; ls riot advisable; 
range 150-259° C. ts· particularly suitable. 

tem- • compounds used should be capable of forming a. 

Various types of linear polymers can be 

The polymer. Thus, it is not possible to ·prepare a. 
superpolymer from ethylene glycol and diethYl 
carbonate because, although these are bifunc­
tional compounds, the ester product, ethylene 5 
carbonate, is a 5-membered monomeric ring. No 
polymeric product is formed, and hence no super­
polymer can be obtained. On the other hand the 
higher glycols (tetrainethylene, hexamethylene, 
decamethylene) do react with diethyl carbonate 10 
to form polymers (Cf. Carothers application No. 
406,721) and superpolymers can be prepared 
either starting with these polymers or starting 
directly with the diethyl carbonate and the gly­

5 brought into the superpolymeric state and the 
transformation, as in the examples mentioned, is 
accompanied by a similarly remarkable change 
1n physical properties .. I may use, for example, 
compounds selected from the following. seven 

10 classes: • 
(1) Polyethers derived from dihydric alcohols 

such as ethylene glycol, propylene glycol, tri­
methYlene glycol, hexamethylene glycol, etc., and 
prepared either c:lirectly from these glycols or • 

15 from appropriate derivatives of the glycols. 
(2) Polyesters derived from hydroxy acids such 

as lactic acid, "'-hydroxydecanoic acid, ,.,_ 
hydroxycaproic acid, etc., and prepared either 
directly from the hydroxy acids or from appro-

20 priate derivatives of the hydroxy· acids. 
(3) Polyester~ derived from dibasic acids plus 

glycols. As acids may be mentioned carbonic, 
oxalic, succinic, glutaric, i:tdipic, pimelic, seba.cic, 
hexadecamethYlene dic.arboxylic phthalic, etc.; 

25 as -glycols: ethylene glycol, propylene glycol, tri­
methylene glycol, hexamethylene glycol, deca­
methylene glycol, etc. The polyesters may be 
prepared either directly from the acids and the 
glycols, or they may be prepared from some suit-

30 able derivatives of the acid and the glycols. 
(4) Polyamides derived from amino acids such 

as 5-aminocaproic acid <NH2(CH2)sCOOH), 10-
aminoundecanoic acid (Nli2(CH2) 10COOH), etc. 
The naming of the amino acids mentioned herein 

35 is in accordance with the system of numbering 
given in Organic Chemistry by Holleman, 7th 
Edition (1930). By amino acids I mean not only 
the acids themselves but also derivatives thereof 
inasmuch as these polyamides may be prepared 

40 either directly from the amino acids or from some 
suitable derivatives of the amino acids. 

(5) Polyamides derived from dibasic acids plus 
diamines. As acids may be mentioned those re­
ferred to under (3) above, and as diamiries eth-

45 ylene diamine, trimethylene diamine, propylene 
diamine, pentamethylene diamine, benzidine, 
phenylene diamine, etc. By dibasic acids and 
diamines as used in this classification I mean not 
only the dibasic acids and diamines themselves 

50 but also derivatives thereof inasmuch as the 
polyamides may .be prepared either directly from 
the acids plus the diamines or from some suitable 
derivatives of the acids and the diamines. 

(6) Polyanhydrides derived from dibasic acids, 
55 such as adipic acid, pimelic acid, suberic acid, 

sebacic acid, hexadecamethylene dicarboxylic 
acid, etc. 

(7) Polyacetals derived ·from hydroxy alde­
hydes or hydroxy ketones or from aldehydes plus 

60 glycols. As aldehydes may be mentioned acetal­
dehyde, propionaldehyde, butyraJdehyde, benz­
aldehyde; etc. 

I may also use mixed polymers such as mixed 
polyester-polyamides prepared by heating to-

65 gether a mixture containing a dibasic acid, a gly­
col, and a diamine; or a mixture containing both 
an hydroxy acid and an amino acid, etc. And 
in general I may use any polymers which result 
from reversible bifunctional condensations. I 

70 · may of course also use any of the simple bifunc­
tionaJ compounds from which initial polymers 
are prepared, since the formation of the super­
polymer involves the initial polymer as a neces­
sary intermediate step. The only limitation 

75 necessary here is that the simple bifunctional 

col. 
In addition to the examples previously men­

tioned, the nature of the invention may be fur­
ther illustrated by the following specific exam­
ples: 

Example II 

15 

20 

A sample of the initial ester used in the pre­
vious example was heated at 200-250° C. for 32 
hours with a current of dry nitrogen bubbling 
through the molten mass. The viscosity of the 
molten polymer increased very greatly and the 25 

product exhibited the ·phenomenon of "cold­
drawing". 

Example III 

Succinic acid and ethylene glycol (molecular 30 
ratio 1:1.05) were heated together first at atmos-· 
pheric pressure for 3 liours at 175° C. to 185° c. 
and then under a good vacuum (less than 1 mm.) 
for about 3 hours at 200 to 250° C. The product 
was polymeric ethylene succinate in the form of 35 
a hard, brittle wax melting at 103° C. (See 
Carothers and Arvin, J; Am. Chem. Soc. 51, 2560 
(1929); Carothers and Dorough, ibid., 52, 711 
(1930)). A sample of this polyester was heated 
for 7 days at 200• C. in a molecular still. The 40 
product was a. tough, :flexible, elastic mass which 
could be drawn out into elastic, strong, highly 
oriented fibres .. 

Example IV 

"'-hydroxydecanoic acid was heated at 100• for 45 
10 hours under a moderate vacuum. The prod-
uct was a non-volatile polyester in the form of a. 
brittle wax. This material was transferred to a. 
molecular still and heated to 200° C. for 7 days. 
The product was a tough, :flexible, elastic poly- 50 
ester. Its apparent average molecular weight 
was about 25,000. It possessed the property of 
"cold-drawing", and yielded fibres which were 
pliable, strong, and elastic. 

Example V 
55 

Sebacic acid was heated under reflux for 5 
hours with three times its weight of acetic an­
hydride. The excess acetic anhydride and the 
acetic a.cid formed in the reaction were then re- 60 
moved by distillation under vacuum. The brittle, 
waxy residue was dissolved in hot, dry benzene 
and precipitated with petroleum ether. The pre­
cipitate was dried in a vacuum over potassium 
hydroxide. The product was polymeric sebacic 65 
anhydride in the form of a dusty powder melting 
at 79° C. (See Voerman, Rec. trav. chim., 23, 
265 (1904) ) . A sample of the product was heated 
at 200• C. for several days in a molecular still. 
The product, unlike the initial anhydride, was a 70 
strong very tough mass which could readily be 
drawn into strong, pliable, highly oriented fila­
ments. Since the chemical properties of this 
final product were identical with those of the 
initial anhydride, the profound change in physi- 75 
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5 

. cal properties must .be ascribed to an increase in 
the degree of Polymerization. • 

Example VI 

A Polymeric amide (molecular weight ca. 1000) 
obtained by heating 5-aminoriaproic acid was 
heated at 200° C. for 2 days in a molecular still. 
The product was a hard mass much tougher and 
more flexible than the initial polymer; 

Example VII 

A mixture of sebacic acid, decamethylene gly­
col, and 5-aminocaproic acid inequimolecularpro­
Portions was heated first at atmospheric pressure 

15 and then at reduced pressure. The brittle, wax­
like product of this reaction was transferred to a 
molecular still and heated for several days at 
200° C. The product was a very tough, flexible 
resin which softened at 60° C. 

20 Example VIII 

Ethyl sebacate, ethylene diamine, and ethylene 
glycol (molecular ratio 2:1:1) were heated in a 
sealed tube. The powdery product from this re-

25 action was heated at 250-300° C. in a molecular 
still for 5 days. The product was a very hard, 
tough, opaque mass which softened at 290° C. 

Example IX 

30 A mixture of ,.,-hydroxydecanoic acid and 5-
amino caproic ·acid (molecular ratio 1: 1) was 
heated first at atmospheric pressure and then at 
reduced pressure. This material was converted 
by heating in a molecular still for 6 days at 200° C. 

35 into a fairly tough, elastic product which yielded 
fibres on "cold-drawing". 

Example X 

Trimethylene glycol, hexadecamethylene dica.r-
40 boxylic acid, and 5-aminocaproic acid <molecular 

ratio 1:1:1) were heated together at 200-220° C. 
in a current of dry nitrogen until no more water 
was evolved. The mixture was then heated for 
several hours at 250-260° C. at 1 mm. pressure. 

15 The product was heated for 4 days at 200° C. in a 
molecular still. The product was tough and elas­
tic and yielded strong oriented fibres. It started 
to soften at about 75° C. 

In the following two examples the superPolY-
50 mers are made by prolonged heating at reduced 

pressure: 
Example:Z.I 

Trimethylene glycol, hexadecamethylene dicar­
boxylic acid, and 5-aminocaproic acid (molecular 

55 ratio 1:1:3) were heated first at atmospheric 
pressure and then at reduced pressure at 200-250° 
C. for 6 hours. The product was very tough, flex­
ible, and elastic and yielded oriented fibres. It 

60 
started to soften at about 135° C. 

Example XII 

One-half mole of sebacic acid and 0.525 mole 
of ethylene glycol were heated for 4 hours at 
175-200°. The mixture was then subjected to 

65 heating at 250° for 5 hours at 2 mm. pressure. 
The product was a hard, brittle wax which was 
obtained in the form of a powder after crystalli­
zation from ethyl acetate. Both the wax and the 
Powder yielded threads which could be drawn 

70 when slightly warm into fairly strong, pliable, 
elastic, highly oriented lustrous fibres. 

Linear condensation superpolymers generally 
differ from ordinary linear condensation polymers 
in the following respects: they are more viscous 

75 when molten; they dissolve more slowly and solu-

tion is preceded by swelling; their solutions are 
more viscous; in the massive state they are strong-
er, tougher, and more pliable; usually they can 
be drawn out into oriented threads or filaments 
which are very strong and pliable. The prop- " 
erties of linear condensation superpolymers are 
determined in part by the nature of the units of 
which their molecules are composed. The super­
polyamides have high melting points and are in­
soluble in most of the common solvents. On the 1 I.­
other hand, super.polyesters are less brittle, they 
are more readily soluble, and they usually become 
thermoplastic at temperatures below 150° C .. 
Mixed polyester-polyamides lie between polyes-
ters and Polyamides in their properties. 1;; 

The properties which characterize the linear 
condensation polymers which constitute this in­
vention adapt them to a variety of useful pur­
poses. As mentioned above, those which have 
the capacity to be drawn into strong, oriented ~o 
fibres are a~apted to be used as artificial silk, 

. artificial hair bristles, threads, filaments, yarns, 
strips, films, bands, and the like. Further, the 
polymers of tough and elastic character may be 
used in plastic and elastic compositions or mold- ~ii 
ing compositions, or as film forming materials. 
They may also be used as modifying agents for 
cellulose acetate or other cellulose derivatives. 

The compounds covered in this invention may 
also be used with considerable advantage in 30 
paints, varnishes, lacquers and enamels in a 
number of ways. 'l.'hey may be used as substi­
tutes for the resin constituent, as substitutes for 
the softener constituent, as substitutes for the 
total resin plus softener constituents, or as partial 35 
substitutes for either the resin constituent or the 
softener constituent in clear or pigmented lacquer 
compositions. They may also be used by them­
selves for the preparation of lacquers along with 
pigments in the formulation of enamel composi- 40 
tions. They may also be used with other resins, 
e.g., in mixtures with bakelite, phenol-formalde­
hyde, and rosin or oil modified polyhydric al­
cohol-polybasic acid condensation products. 
These latter condensati.on products are made, as 45 
understood by those skilled in the art, by re­
acting together with heat treatment a polyhydric 
alcohol such_as glycerol; a polybasic acid, such 
as phtliaHca.cia;-·rosin; and/or a fatty oil, such 
as linseed oil, or the corresponding amount of oil 50 
acids. Use of the compounds disclosed in this 
invention in lacquer and enamel compositions im­
parts marked improvements in toughness, ad­
hesion and flexibility characteristics without any 
appreciable sacrifice in other characteristics such 55 
as drying qualities, hardness, water resistance, 
thermoplasticity, and solids content. Since these 
compounds function as toughening and flexibiliz-
ing agents, and since there is no chemical change 

. in these compositions on aging, they contribute GO 
to systems in which they are used considerably 
improved retention of flexibility and consequent-
ly a higher order of durability. 

These compounds may also be used for_ coating 
sheeted materials such as cloth, paper, and u,; 
leather. For this application they are generally 
mixed with pyroxylin and used in combination 
with softening ingredients such as castor oil, cot­
tonseed oil,-tricresyl phosphate, acetyl laurin, etc. 
They may also be used as modifying ingredients iO 
in the preparation of plastic compositions for use 
either in the fabrication of molded articles or 
sheeted materials for use in various applications 
such as in the manufacture of safety glass. It 
is to be understood that in all of these applications 75 
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the composition disclosed in this invention may 
be used eit.her alone, in combination with cel­
lulose derivatives such as cellulose acetate, cel­
lulose nitrate, ethyl cellulose and penzyl cellu-

5 lose; in combination with natural resins such as 
rosin, damar, Congo, Pontianac and Manila gums; 
along with synthetic resins such phenol-formal­
dehyde, urea-formaldehyde, acetone-formalde­
hyde, and polyhydric alcohol-polybasic acid con-

IO densation products; and in combinations with 
softeners such as triacetin, triphenyl phosphate, 
dibutyl phthalate, tricresyl phosphate, cellosolve 
stearate, acetyllaurin, as well as castor oil, cot­
tonseed oil, and other vegetable oils; 

15 An especially valuable and remarkable prop­
erty of the synthetic compounds of the present 
invention resides in their capacity to be drawn 
into strong, flexible fibres which are in some re­
spects, especially in their elastic properties and 

20 high ratio of wet strength to dry strength, superior 
to any artificial fibres that have been prepared 
hitherto. This capacity appears to depend upon 
the extraordinary facility with which the polymers 
of this invention accept a very high degree of 

2;; permanent orientation under the action of me­
chanical stress. In the massive state at ordinary 
temperatures these condensation polymers are 
generally tough, opaque masses. The opacity is 
associa,ted with a certain degree of microscopic 

::o or sub-mi.croscopic crystallinity since the ma­
terials when examined by the usual X-ray 
methods furnish powder diffraction patterns and 
since ori being heated the opacity completely dis,­
appears at a definite temperature. Except in 

:J5 those instances in which the melting point of the 
polymers lies so high that melting is accompanied 
by decomposition threads of these polymers are 
readily obtained by touching a molten specimen 
wi.th a rod and drawing the rod away. When 

40 this drawing is done very slowing. the threads 
closely resemble the mass from which they were 
drawn, that is, they are opaque and show the 
same melting point as before. Very fine threads 
prepared in this way are frequently lacking in pli-

45 ability and. are somewhat fragile. However, if 
such threads are subjected to stretching at ordi­
nary or slightly elevated temperatures they are 
profoundly changed in their physical properties. 
The stretching results in a permanent elongation; 

50 the original thread first separates into two sec­
ti.ons joined by a thinner transparent section, 
and as the stretching continues this transparent 
section grows until the opaque sections are com­
pletely exhausted. The fibre produced in this 

55 way is very much.stronger than the thread from 
which it was drawn. It is also more pliable and 
elastic. Its melting point is changed and its 
transparency and luster increased. It exhibits a 
high degree of birefringence and parallel extinc-

G0 tion between crossed Nicol's prisms and furnishes 
a typical oriented fibre diagram when examined 
by X-ray methods in the usual way. This method 
of imparting new properties to the polymers is 
referred to as "cold-drawing". Such oriented 

r,5 fibres may be obtained also directly from a molten 
mass of the polymer if the thread is drawn out 
rapidly enough to produce tensi.on during the 
drawing. 

For the actual manufacture of fibres from the 
70 polymers of the present invention, I may use 

various methods of spinning. That is, I spin the 
molten polymer, or a solution made by dissolving 
the polymer in a solvent, through a fine nozzle 

. or spinnerette. Thus, I may prepare a solution of 
75 the polymer either alone or together with another 

fibre forming material such as cellulose deriva­
tives, e. g., cellulose nitrate, cellul<>se acetate, ethyl 
cellulose, etc. in a solvent such as chloroform and 
extrude the solution through a fine nozzle or spin­
nerette into a chamber maintained at elevated r, 
temperature to accelerate the evaporation of the. 
solvent. Such a solution instead of being spun 
into a chamber containing air may also be spun 
directly into a liquid capable of dissolving the 
solvent but not the polymer. In a similar man- 10 
ner many of the polymers of this invention can 
be spun directly in the molten state from a spin­
neret maintained at a suitably elevated tempera­
ture. In this case, no arrangements are necessary 
to provide for the. removal of solvent. Whatever 1 :; 
method is used for spinning the fibres, it is neces­
sary to finally submit the threads to the' action 
of mechanical stress or stretching to produce 
the high orientation which is associated with a 
high degree of strength, pliability and elasticity. 20 
This stretching may be carried out at ordinary 
or slightly elevated temperature after the spin­
ning operation is completed, but I prefer to make 
the stretching an integral part of the spinning op­
eration. This may be done by passing the thread ~.; 
over rollers after it has become partially or com­
pletely solidified or coagulated, the said rollers be-
ing caused to rotate at different speeds; or the 
thread can be stretched by passing it around a 
series of staggered pins in a zig-:aag fashion; or :l0 
it can be passed around a series of rollers where 
it is made to do work progressively on these rol!­
ers; or one can use any other means which are 
ordinarily associated with what is known in the 
spinning industry as methods for producing ten- :i;; 
sion-spun threads or filaments. In a similar 
manner films, bands, strips, and the like can be 
formed and subjected to mechanical stretching 
to produce the orientation, strength and other de-
sirable properties already indicated. 40 

It has already been mentioned that the fibres 
prepared from the materials of this invention not 
only have a high degree of strength, pliability arid 
luster but they are superior to any artificial fibres 
known hitherto in the fact that their wet strength 45 
is substantially equal to their dry strength and in 
the fact that their elastic recovery resembles that 
of natural silk and in certain instances is even bet-
ter than natural silk. A further unique property 
of the polymers of the present invention lies in ;;o 
the fact that it is possible to spin them in the 
form of exceedingly fine filaments. Thus it is 
easily possible to spin filaments as fine as ½ 
denier or even less and these fibres have very 
good properties. :;.; 

The fibres produced in accordance with the 
following example are typical of those which can 
be made from the _polymers disclosed in this ·in­
vention: 

Example XIII 

The superpolymer prepared from the polyester 
of trimethylene glycol and hexadecamethylene 
dicarboxylic acid -as described in. Example I was 
dissolved in chloroform to form a solution con- l1'i 
taining 23% by weight of the polymer. The solu­
tion was extruded through a spinnerette with 
0.0045 inch holes into a chamber heated to about 
30° C. The .resulting fibres, after stretching or 
"cold-drawing" to the fullest extent were sub- 70 
jected to physical tests which yielded the follow-
ing information. The dry tenacity is at least 1.1 
grams per denier and probably higher. The wet 
tenacity is at least equal to the dry tenacity. The 
luster is good, resembling silk. The pliability is 75 
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also very remarkable. It Is. possible to tie hard 
knots in the fibre without producing any notice­
able diminution in tenacity. The fibres show very 
remarkable elastic recovery (true elasticity) both 

5 wet and dry, being in this respect vastly superior 
to rayon and, in certain instances, equal to or 
even better than· natural silk. 

The remarkable elastic recovery characteristics 
of this product may be seen by a comparison of it 

JO with samples of viscose rayon and natural silk. A 
sample of ordinary viscose rayon was &tretched 
4% and held there for 1 minute after which the 
lo-ad was removed. In one minute it had recov­
ered 28% of the extension. Fibres of the super-

15 polymer submitted to the same test recovP.red 89% 
in the sRme time. The values for wet fibres in the 
same test were 59% for the viscose rayon and 99% 
for the artificial fibre. A sample- of natural silk 
recovered 56 % dry and 50 % wet .. 

20 Examples of other superpolymers which have 
been observed,,to exhibit the property of "cold­
drawing" and the capacity to be formed into 
oriented fibres are those derived from: (1) poly­
esters derived from dibasic acids plus glycols, as 

25 ethylene 'succinate and ethylene sebacate in Ex­
amples m and XII; (2) polyesters derived from 
hydroxyacids, as w-hydroxydecanoic acid in Ex­
ample IV; (3) polyanhydrides derived from di­
basic acids, as polymeric sebacic anhydride in Ex-

30 ample V; (4) mixed polymers, as w-hydroxyde­
canoic acid plus 5-aminocaproic acid in Example 
IX and trimethylene glycol plus hexadecamethyl­
ene dicarboxylic acid plus 5-aminocaproic acid 
in Examples IX and XI. 

35 When selecting superpolymers for fibre -forma­
tion those superpolymers should be chosen which 
are sufficiently soluble in some solvent to give a 
solution which can be spun or sufficiently thermo­
plastic at some temperature below their decom-

40 position temperatures to be drawn into fibres. In 
this connection it should be mentioned that 
polyamides are very much less soluble than poly­
esters, but they can usually be dissolved in hot 
phenol or hot formamide. 

45 From the foregoing it will be seen that I have 
produced new compounds having unique prop­
erties not possessed by·the compounds from which 
they are prepared. The production of artificial 

"'O fibres as disclosed herein through the actual syn­
n thesis of the materials from which the fibres are 

made is to be sharply distinguished from the 
manufacture of fibres (as for instance artificial 
silk from cellulose) from materials in which the 

55 fibre-forming molecules simply serve as the initial 
raw material and are not produced by synthesis. 
The present invention may, therefore, be regard­
ed as the first step in the art of preparing syn­
thetic materials suitable for making useful ar-

60 tiflcial fibres, an art, which in the sense of the 
present invention, has hitherto been non-ex­

. istent. 
As many apparently widely different embodi­

ments of this invention may be made without 
65 departing from the spirit and scope thereof, it is 

to be understood that I do not limit myself to the 
specific embodiments thereof except as defined in 
the following claims: 

I claim: 
70 1. A synthetic linear condensation polymer 

capable of being drawn into pliable, strong fibres 
showing by characteristic X-ray patterns orien­
tation along the fibre axis. 

2. A synthetic linear condensation polymer ob-
75 tainable by a condensation reaction between bi-

functional· compounds and having an. average 
molecular weight not less than 10,000. 

3. A synthetic linear condensation polymer 
capable of being drawn into fibres showing by 
characteristic X-ray patterns orientation along 5 
the fibre axis, said polymer being obtainable by 
condensation reaction between bifunctional com-
pounds. ' 

4. A synthetic linear condensation polymer 
which is crystalline and fusible without decom- IO 
position and having an average molecular weight 
not less than 10,000. 

5. A synthetic linear condensation polymer 
capable of being drawn from a melt thereof into 
fibres showing by characteristic X-ray patterns l 5 
orientation along the fibre axis. 

6. A synthetic linear condensation polymer 
which is fusible without decomposition and which 
is capable of being drawn into long, tough, flex­
ible fibres showing permanent orientation along 20 
the fibre axis, said polymer in its massive state 
exhibiting a crystalline structure under X-ray 
examination. 

7. A synthetic linear condensation polymer 
capable of being cold drawn into oriented fibres 25 
exhibiting birefringence. with parallel extinction 
between crossed Nicol's prisms and exhibiting 
characteristic fibre X-ray patterns. 

8. A synthetic linear condensation polymer 
capable of being formed into fibres showing by 30 
characteristic X-ray .patterns orientation along 
the fibre axis, the material comprising said poly­
mer being selected from polymerized materials of 
the followjng classes: polyethers, polyesters, poly­
anhydrides, and mixed polymers of these classes. 35 

9. A process for producing linear condensation 
superpolymers which comprises subjecting a lin-
ear condensation polymer to condensation reac­
tion conditions while continuously removing from 
said polymer the volatile reaction· product and 40 
continuing tp maintain such conditions until the 
molecular weight of said polymer is at least 
10,000. 

10. A process which comprises carrying out bi­
functional condensations under conditions which 45 
particularly facilitate the • removal of volatile 
product from said condensation and continuing 
such removal of volatile product while maintain-
ing the condensation reaction conditions until the 
condensation product is capable of being drawn 50 
into a continuous filament which is further capa-
ble of being cold drawn with simultaneous in­
crease in strength and elasticity, 

11. A process of producing linear condensation 
superpolymers which comprises maintaining a 55 
linear condensation polymer under reduced pres­
sure and at a temperature at which the volatile 
product evolved from said polymer has a vapor 
pressure of at least 10-5 mm., placing a condenser 
within the mean free path of the molecules of said 60 
evolved volatile product and maintaining said 
condenser at a temperature at which said volatile 
product has a negligible vapor pressure, and con­
tinuing the removal of said volatile product by 
said condenser until the molecular weight of the 65 
polymer is at least 10,000. 

12. A process of producing linear condensation 
superpolymers which comprises maintaining a 
linear condensation polymer under a pressure of 
less than 0.1 mm. of mercury and at a tempera- 70 
ture at which the volatile product evolved from 
said polymer has a vapor pressure of at least 
10-5 mm. of mercury, placing a condenser within 
20 centimeters from said polymer and maintain-
ing said condenser at a temperature at which 71i 
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said volatile product has a negligible vapor pres­
sure, and continuii;:tg the remo~~f of said volatile 
product by said condenser ililtil the molecular 
weight of the polymer is at least' 10,000. 

5 13. A process for producing 'linear condensa-
tion superpolymers which comprises heating a 
linear condensation polymer under reduced pres­
sure, and absorbing the volatile' reaction products 
with an absorbent within' the• mean free path of 

10 the molecules of· the 'evolved volatile reaction 
products until the molecular weight of said poly­
mer is at least 10,000. 

14. A process of producing linear condensation 
superpolymers which comprises maintaining a Iin-

15 ear condensation polymer under a pressure of less 
than 0.1 mm. of mercury and at a temperature 
between 150° c. and 300° c., placing a condenser 
within 20 centimeters from sa:id polymer and 
maintaining said condenser at a '.temperature at 

20 which said volatile product has a negligible vapor 
pressure, and continuing the removal of said 
volatile product by said condenser until the mo­
lecular weight of the polymer is at least 10,000. 

15. A process of producing linear condensa-
25 tion superpolymers which comprises maintaining 

a linear condensation polymer under reduced 
pressure and at a temperature at which the vola­
tile product evolved from said polymer has a 
vapor pressure of at least 10-5 mm., and re-

30 moving the volatile product from said polymer 
until its molecular weight is at least 10,000 by 
passing a gas over said polymer. ' 

16. A process of producing linear condensation 
superpolymers which comprises maintaining a 

35 linear condensation polymer under reduced pres­
sure a'nd: at a temperature at which the volatile 
product evolved from said polymer has a vapor 
pressure' of at least 10-5 mm., and removing the 
volatile product from said polymer until its mo-

:\0 Jecular weight is at least 10,000 by passing a gas 
·through said polymer. 

17. A method of propagating reversible chem­
ical reactions involving the simultaneous. forma­
tion of a volatile and a non-volatile product 

:r; which comprises placing a condenser within the 
mean free path of the molecules of said volatile 
product and maintaining said condenser under re-

• duced pressure and at a temperature at which s11,id 
volatile product has a negligible vapor pressure. . 

60 18. A method of propagating reversible chem­
ical reactions involving the simultaneous forma­
tion of a volatile and a non-volatile product which 
comprises maintaining the reacting material at 
_a temperature at which the volatile product 

65 evolved from said reacting material has a vapor 
pressure of at least 10-5 mm. of mercury, placing 
a condenser within 20 centimeters from the re-

acting material and maintaining said condenser 
at a temperature at which said volatile product 
has a negligible vapor pressure. 

19. A synthetic linear condensation polymer 
capable of being drawn from the polymer in liquid 6 
form into filaments which are further capable of 
being cold drawn at ordinary temperatures with 
simultaneous increase in strength, pliability, and 
elasticity. 

20. A process for producing linear condensa- 10 
tion superpolymers which comprises subjecting a 
linear condensation polymer to condensation re­
action conditions at a temperature high enough 
to make the rate of reaction appreciable but low 
enough to avoid thermal decomposition while con- 15 
tinuously removing from said polymer the vola-
tile reaction product and continuing to maintain 
said conditions until the molecular weight of said 
polymer is at least 10,000. 

21. A process of carrying out bifunctional con- 20 
densations which comprises heating a linear con­
densation polymer under conditions that facili­
tate further condensation and maintaining such 
conditions until the condensation product can 
be drawn into fibres which are further capable of 25 
being cold drawn with simultaneous increase in 
strength, pliability, and elasticity. 

22. A synthetic linear polyether having an 
average molecular weight not less than 10,000. 

23. A ·synthetic linear polyester having an 30 
average molecular weight not less than 10,000. • 

24. A synthetic linear polyanhydride of a di­
basic acid having an average molecular weight 
not less than 10,000. • 

25. A synthetic linear condensation polymer 35 
capable of being drawn into fibres which can be 
tied into hard knots, said polymer being obtain­
able by a condensation reaction between bifunc­
tional compounds. 

26. A synthetic material capable of being 40 
drawn into useful pliable fibres,said material being 
a synthetic linear condensation polymer obtained 
from bifunctional condensations. 

27. A process for producing linear condensa~ 
tion polymers which comprises heating under 45 
condensation reaction conditions bifunctional re­
actants capable of yielding a volatile and a non­
volatile product until a polymer is formed which 
can be drawn.into useful pliable fibres. 

28. A process for preparing linear condensa- 50 
• tion polymers which comprises heating under 
condensation reaction conditions in the presence 
of an inert solvent bifunctional reactants ca­
pable of yielding a volatile and a non-volatile 
product until a. polymer is formed which can be 55 

. drawn into useful pliable fibres. 
WALLACE H. CAROTHERS. 


