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This invention relates to an apparatus and 
procedure for preparing synthetic resinous struc 
tures. More specifically the invention relates to 
an improved method of Spinning fibers by ex 
truding solutions of Synthetic resins into a Co 
agulative medium. 
The preparation of linear structures, Such as 

films, fibers, rods, and other shapes, by forcing 
solutions of resins through a Suitable die into a 
gaseous medium which removes the Solvent and 
precipitates the resin in a continuous form, is 
Well known. Many methods and types of ap 
paratus for practicing the dry Spinning technique 
have been described in the published literature. 
These publications show various methods of cir 
culating the coagulation medium and structures 
for manipulation of the extruded fiber. In gen 
eral there are two methods described for the 
movement of the gaseous medium with respect 
to the fiber, countercurrent and concurrent, each 
of Which has inherent undesirable attributes as 
well as beneficial aspects. The countercurrent 
fow of the spinning medium is effective in re 
ducing the residual solvent in the fiber to a 
minimum, because the solvent free gas is in 
contact with the fiber nearly exhausted of Solvent. 
This method, however, provides the initial co 
agulation in the presence of gas containing Sub 
stantial solvent content which retards the evapo 
ration of solvent from the freshly spun fiber. The 
concurrent flow of the gaseous spinning medium 
provides a solvent free gas at the Spinneret to 
accelerate the rate of coagulation, but the Solvent 
laden gas in contact with the fiber at the exit 
end prevents or retards the adequate removal of 
solvent from the fiber. In each of these conven 
tional procedures one object is achieved at the 
expense of other desirable objectives. 
The primary purpose of the present invention 

is to provide a method of obtaining rapid co 
agulation and simultaneously highly efficient 
solvent removal. A further objective is to pro 
vide a novel and useful dry-spinning method by 
-which fibers may be spun effectively and econom 
ically. 

It has been found that if a dry-spinning Opera 
tion, conducted in a vertical tower with a down 
wardly moving fiber, is modified by introducing 
the solvent free gaseous medium at a point imme 
diately below the spinneret at a temperature 
substantially that of the boiling point of the 
solvent, withdrawing the solvent laden gas above 
the spinneret, and contacting the fiber during 
its downward course in the tower with a stream 
of gas at a substantially lower temperature, the 
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beneficial effects of both Countercurrent and 
concurrent fiber spinning may be achieved. By 
this practice a small amount of the relatively 
cold gaseous medium is introduced at the bottom 
of the tower, said amount being from two to 20 
percent of the volume of the effluent gas. The 
relatively cold gas stream passes upward and is 
heated to a moderately high temperature by 
the heating elements in the tower Walls. At the 
top of the tower the Small amount of gas con 
taining the solvent removed from the fiber is 
diluted with a large Volume of hot gas which pro 
wides an atmosphere relatively free of solvent and 
at a temperature Substantially that of the boil 
ing point of the solvent. 
The new apparatus and spinning method may 

be effectively used in the preparation of fibers of 
the acrylonitrile polymers, such as polyacrylo 
nitrile and copolymers of Over 80 percent 
acrylonitrile and up to 20 percent of other copoly 
merizable olefinic monomers, for example vinyl 
acetate, vinyl pyridine, methacrylonitrile, vinyli 
dene chloride, and the esters of acrylic and 
methacrylic acids. 
Conventional dry-spinning practice, involving 

the use of high boiling Solvents, for example 
N,N-dimethylformamide, ethylene carbonate, 
N,N-dimethylacetamide and butyrolactone, is 
often harassed with the development of a yellow 
or brown discoloration in the fiber. The diffi 
culty is believed to be due to the high spinning 
temperatures required to effectively remove the 
solvent. Through the use of the novel method 
and apparatus described herein fibers free of 
discoloration may be prepared. The use of high 
boiling solvents is usually necessary in the prepa 
ration of fibers Of polyacrylonitrile and copoly 
mers of substantial proportions of acrylonitrile 
and minor proportions of other monomers, be 
cause of the inherent difficulties of preparing 
suitable spinning solutions. Accordingly, a fur 
ther purpose of this invention is to provide an 
effective method of eliminating the color in 
acrylonitrile fibers. 
The essential features of the new method are 

the extrusion of the resin Solution into a counter 
currently flowing stream of gas at a high tem 
perature and with a very low solvent vapor con 
tent. Shortly after spinning the fiber passes 
into a zone of countercurrent flow at a lower 
temperature and usually lower velocity. This 
lower temperature zone is fed with fresh solvent 
free air at a point from which the finished fiber 
is withdrawn. The stream of cold air, as it passes 
countercurrently with respect to the fiber, car 
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ries along with it the solvent which has evapo 
rated from the Surface of the fiber and is gradu 
ally increased in temperature by the heating 
means plovided in that Zone. As the stream of 
air approaches the spinneret it is mixed with a 
substantially larger stream of solvent free gas 
at a much higher temperature and the increased 
volume of hotter gas passes rapidly over the 
freshly extruded fiber in the vicinity of the spin 
neret, past the spinneret and is exhausted 
through a suitable solvent recovery apparatus. 
The gaseous medium may be moved through the 
tower by the positive pressure of the hot and 
cold gas streams entering the apparatus, or it 
may be withdrawn by means of a suitable exhaust 
far. 
To be effective the new method should involve 

the use of suitable baffling means to prevent 
fiber injury by the force of the gas strea?ins with 
in the tower. The substantiai velocity of the 
hot gas stream entering near the Spinneret may 
damage or even break the freshly spun fiber. 
Accordingly, the fiber is preferably inclosed in 
a sheath which deflects the gas stream and di 
rects it in the desired countercurrent direction 
in close proximity to the freshly spun fiber. If 
desired the baffle may be tapered in the direc 
tion of the spinneret, so as to insure the maxi 
imum contact of the low solvent containing gas 
with the freshly spun fiber at the spinneret. It 
is...often desirable to have a defecting means 
over the gas exit to prevent a non-uniform gas 
withdrawal and to assure a rinore nearly uni 
form...distribution of gas flow around the periph ery of the spinneret. 
The new method is conducted in a spinning 

tower comprised of two parts, the tower proper 
in, which the formed fiber is contacted with a cv. 

countercurrent, gas stream at a moderate ten 
perature, and the spinning head Cr operating 
zone: in which the bulk of the air is introduced 
at a higher temperature and in which the fiber 
is actually spun in contact with the stream of 
gas at the higher temperature. The tower 
proper is provided with suitable heating ele 
ments which may be electricaily heated coils 
of a steam heated means for imaintaining the 
desired temperature.at which the solvent has a 
substantial vapor pressure. For reasons of 
economy the tower is preferably coated with a . 
substantial layer of a suitable insulation ma 
iterial. . . . . . . . . 
... The operating head of the tower is provided 
with gas inlet and outlet ports, a suitabie aper 
ture at the top for the introduction of the spin 
neret, baffles of suitable size and sihape to pre 
vent damage to the fiber and to insure intimate 
contact of the fiber with the gas strealina and a 
suitable port or window through which the op 
erator may inspect the operation, and if neces 
sary, to manipulate the fiber in initiating the op 
eration or for cleaning the spinneret. 
The attached drawing is the cross-sectional 

view of a spinning tower assembly in which the 
spinning tower f is an elongated, tube of any 
desired cross-section which is heated by a suit 
able heating element 2 and enclosed by a suit 
:able insulation: material 3. The Spinning head 
or operating, area, 4 is superposed on the tower 
and is provided with a hinged door 5 for ob 
servation and manipulation of the Spinneret 

... during...the spinning operation. The Spinneret 
.6 is: provided with resin solution through con 
...duit. i. passing through the cover piate. 6 at the 
stop of the: tower. The extruded fiber 9, com 
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4. 
prised of numerous minute filaments passes 
downwardly through the tower and out at the 
bottom through an enclosure 8 which is pro 
vided with hinged doors it having an aperture 
32 for the normal passage of the fiber, which 
leaves the tower and is conveyed to subsequent 
operations by means of thread guide 3. 
A Sinall amount of the necessary gaseous at 

inoSphere is introduced at roor temperature 
through port i? and is passed up the tower coun 
tercurrently with respect to the fiber direction, 
As it passes into the spinning head or operating 
zone it is nixed. With a larger stream of air at 
a much higher temperature which enters 
through port 3. The large volume of hot gas 
entering the tower is deflected by a cylindrical 
baffle 3 which directs the gas parallel to the 
fiber and into the funnel shaped baffle which 
directs the gas stream in close proximity to the 
freshly spun fibei' at the Spinneret. A suitable 
bafie 3 provides for a uniform withdrawal of 

30 

are not critical. 

gas from the spinning head from which it passes 
out through passage 3 to a suitablesolvent re 
covery Systein not shown. 
The size and shape of the parts of the tower 

The tower may oe any con 
venient width, but preferably from four to twelve 
inches, so as to provide an adequate volume 
of gas in lanneliar low for the removal of the 
norinal solvent content of the fiber without re 
quiring an excessive velocity, and avoiding tur 
baience effects. The length of the tower will 
depend upon the desired extent of solvent re 
imoval. If complete, or substantially complete 
solvent reinova is desired a tower of ten to 
100 times the length of the operating head may 
be required. The length of the operating head, 
or the distance between the hot air inlet and 
the Spinneret will also depend upon the size of 
the fiber, the number of filaments, the volume 
of hot gas passed into the tower, the tempera 
ture of the gas, the type of resin and solvent, 
the sensitivity of the fiber with respect to dis 

tCWei ength may 

coloration, and the spinning speed. The manip 
ulation of the size and shape of the Spinning 
head to produce the optimum fiber may be prac 
ticed by one skilled in the art." In general, the 

from five to 20 times the 
length of the spinning head, and if solvent re 

60 

covery is not a serious problem it may be as 
short as two times the length of the spinning 
head. 
The new method and apparatus are particu 

larly useful in Spinning polyacrylonitrile and 
copolymers of over 80 percent acrylonitriie and 
up to 20 percent of other polymerizable mono 
mers, such as vinyl acetate and other vinyl es 
tel's of carboxylic acids, methyl acrylate - and 
other allyl esters of acrylic acid, especially those 
wherein the alkyl group has up to six carbon 
atoms, methyl methacrylate and other alkyl 
methacrylates wherein the alkyl group has up 
to six carbon atoms, styrene, and other vinyl 
Substituted aromatic hydrocarbons, methacrylo 

65 nitrile and vinyl pyridine. In the preparation 
of fibers, from the acrylonitrile polymers the 
spinning method utilizes solutions of the de 
sired resin in a solvent, such as dimethylform 
aride, butyrolactone or ethylene carbonate. 
Under such circumstances the temperature at 
the Spinneret will be between 143 and 160° C., 
the countercurrent flow through the tower is 
initiated with air at room temperature-and is 
gradually heated up to 80 to 100° C. by means 

75. of the heating elements in the tower. At the 
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top of the tower the countercurrent stream of 
air is diluted with a much larger volume of a 
hot gas, for example at a temperature of 150 
to 170° C. By the use of this spinning method 
acrylonitrile fibers of excellent color may be 
Spun efficiently. 
The invention is described by the following 

claims. 
1. A method of preparing fiber, which comprises 

extruding a solution of a polymer of at least 80 
per cent acrylonitrile in a volatile Solvent into a 
countercurrent gas stream, which stream is sol 
vent free gas at room temperature in contact with 
the finished fiber, is heated to a temperature in 
termediate to the boiling point of the solvent and 
room temperature, is mixed with at least five 
Volumes of Solvent free gas heated to the approxi 
mate boiling point of the solvent at a point close 
to the fiber Source, is passed countercurrent to the 
freshly spun fiber at the Shinneret, and is directed 
away from the fiber. 

2. A rhethod of preparing fibe's of acylonitrile 
polymers, which comprises extruding a solution 
Of a polyner into a countercurrent stream of air 
which was introduced at room temperature in 
contact with the finished fiber, which stream is 
paSSed. Over heating elements in countercurrent 
contact with the fiber at a temperature below 
100° C., which stream is then mixed with at least 
five Volunes of a Solvent free gas at a tempera 
ture above 40 C., Said mixed gas stream being 
passed countercurrently with respect to the fresh 
ly spun fiber at the fiber source. 

3. An apparatus for dry-spinning thermoplastic 
synthetic fibers comprising, a vertical tower, an 
enclosure attached to the top of the tower, a 
hinged closure attached to the botton of the 
tower having a fiber-exit opening therein, a spin 
neret mounted in the enclosure and pointed down 
ward toward the tower, conduit means attached 
adjacent the bottom of the tower for introducing 
cold gas into the tower, a second conduit means 
attached to the enclosure adjacent the upper por 
tion thereof for removing gas therefrom, a baffle 
mounted in the enclosure intermediate the Second 
conduit means and spinneret, a third conduit 
means attached to the enclosure adjacent the 
lower portion thereof for introducing hot gas 
therein, a funnel-shaped member mounted in the 
enclosure below the spinneret for leading all of 
the gas stream in parallel COuntercurrent rela 
tionship to the fibers in intinate contact there 
with at their source, said funnel-shaped member 
having its sides diverging away from the Spin 
neret and attached to the wall of the enclosure, a 
cylindrical baffle means positioned opposite the 
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6 
third conduit means, said cylindrical baffle means 
extending upwardly into the space formed by Said 
funnel-shaped member, the axes of the cylindrical 
baffle means and spinneret being coincident, and 
heating means attached to the Wall of the tower. 

4. An apparatus as defined in claim 3 wherein 
the lower end of the tower is Spaced from the 
hinged closure, and wherein the hinged closure 
has side-walls spaced from the Walls of the tower, 
whereby a passage is formed around the botton 
end of the tower, and wherein the first conduit 
means communicates With Said paSSage. 

5. A method of spinning acrylonitrile polymer 
fiber, which comprises extruding a solution of the 
acrylonitrile polymer into a countercurrent at 
mosphere between 140 and i60° C., said atmos 
phere being comprised of two components, the 
first component comprising from tWo to 20 Vol 
unes of a gas passing countercurrently with re 
spect to the fiber at a tenperature below 100° C., 
said gas being introduced into the path of the 
fiber at a point removed from the fiber Source, 
and the Second component comprising from 80 to 
98 volumes of Solvent-free gas at a temperature 
above 140° C., said gas being introduced into the 
path of the fiber at a point between the fiber 
source and the point of introduction of the first 
gaS. 

6. A method for spinning fibers from fiber 
forming acrylonitrile polymers, which comprises 
extruding a Solution of a polyner of at least 80% 
acrylonitrile and up to 20% of another mono 
olefinic polymerizable Substance into a gaseous 
Inedium flowing countercurrent to the direction 
of extrusion, directing the entire stream of gase 
Ous medium into contact. With and immediately 
adjacent to the freshly formed fibers at the fiber 
Source, said stream being heated to a tempera 
ture between 140° C. and 160° C., and passing the 
fibers in countercurrent relationship to a smaller 
Volune of the Said gaseous medium at a tempera 
ture below 100° C., said smaller volume being from 
two to 20% of the said larger volume. 

WALTER, H, HAMMOND. 
LAURENCE C. HOLT. 
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