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This invention relates to improvements in
methods for manufacturing synthetic suture
material and similar products comprising an in-
tegral mass of fibers which occur in animal parts,
as for instance, animal tendons or sinews, such
as beef tendons.

One method of producing filaments or threads
comprising such animal fibers involves the steps
of suspending the fibers, whether in their ele-
mentary condition or after cutting thereof to
selectively controlled lengths, as described in the
pending application of Hall, Hollihan and More-
head, Serial Ne. 630,686, filed November 24, 1945,
in an organic or inorganic acid, extruding the
suspension.-into a coagulating and/or dehydrating
medium, raising the pH on the thus formed
filaments by treating them in an aqueous buffer-
ing system and thereafter drying the buffered
filaments simultaneously with stretching thereof.

Stretching of the buffered filaments con-
comitantly with their drying is an essential step
of the process, and I have found that in order to
obtain final filaments or threads having the most
desirable properties as respects tenacity and ex-
tensibility, it is necessary to stretch the flaments
about 14 to 16% during the drying step, which
is equivalent to subjecting the filament bundle
to a tensioning load which varies in accordance
with the size of the filament, from about 70 gms.
for a 200 denier filament to about 200 to 250
gms. for a 1000 denier filament, as measured by
any standard strength-testing device, I have
discovered, further, that in order to produce fila-
ments capable of accepting the required stretch
during drying without rupture at the weaker por-
tions which inevitably occur along the filament
length, it is important to avoid excessive swelling
of the filaments when the pH on the acidic fila-
ments is raised by treating them with a buffer-
ing solution. Thus, excessive swelling of the fila-
ments in the buffer system has been found to
reduce the capacity of the filaments to with-
stand, at all portions along their length, the
stresses and strains developed therein when they
are stretched during drying, - ’ :

The acidic filaments invariably swell when they
are subjected to the action of alkaline solutions,
but I have found that if the extent of the swell-
ing is controlled so that the buffered flaments
are swollen to about twice their normal (dry)
size, the filaments accept a stretch of 14 to 16 %
during drying without rupture, and the final fila-
ments are characterized by high tensile strengths
and extensibilities. L
. The object of the present invention, therefore,
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2 ,
is to provide a method for raising the pH on the
acidie filaments while controlling the extent of
swelling of . the filaments during buffering
thereof.

This and other objects are achieved by treating
the acidic filaments with an_ aqueous alkaline
solution which, under the conditions of treat-
ment, has a limitéd swelling action on the fila-
ments such that the buffered filaments are
swollen .to. only. about twice their normal (dry)
size after withdrawal thereof from the buffering
medium. . S o

One buffer system which has. been suggested
for use in treating the acidic filaments comprises
an aqueous solution -of ammonium hydroxide
and ammonium. chloride. It has been found that
all solutions of ammonium hydroxide and am-
monium chloride are not satisfactory for use in
treating the acidic filaments from the point of
view of controlled swelling of the filaments and
ability of the buffered filaments to withstand
stretching. to. the required 14 to 169 without
rupture during’ drying thereof. I have found
that both dilute and highly concentrated -solu-
tions of the ammonium compounds have a pro-
nounced swelling action on the filaments and
that the filaments thus swollen have a markedly
decreased capacity to undergo stretching without
rupture. I have discovered, however, that -there
is an optimum concentration of the ammonium
hydroxide and ammonium chloride in the buffer-
ing solutions at which the pH on the filaments
is raised while at the same time the filaments are
swollen only to a minimum controlled extent
which does not prevent their accepting a stretch
of about 14 to 16% .without rupture. Thus I
have determined that when the dry acidic fila-
ments are immersed in water to which has been
added about 6 to 6.5 cc. of concentrated am-
monium- hydroxide and about 1 to 1.2 grams of
ammonium chloride, per liter, for about eight
minutes the filaments leaving the buffering me-
dium are swollen to a size which is only about
twice their nofmal (dry) size. The term “con-
centrated ammonium hydroxide” is used here in
its usual sense to define an agueous solution con-
taining approximately 28% NH: by weight and
of sp. gr. 0.90,  (Handbook ~of Chemistry,
Lange, p. 1165, 1944; Talbot’s Quantitative
Chemical Analysis, 1939, p. 284; Qualitative
Chemical Analysis, Prescott and Johnson, p, 618),
In contrast to this comparatively slight swelling
of the -filaments when they are buffered 'in
aqueous  media containing’ -the amonium
compounds -in, :the -optimum - selectv '
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trolled concentrations in accordance with this
invention, the extent of swelling of the filaments
increases markedly when the ammonium hydrox-
ide and ammonium chioride are added to the
water in conecnirations either materially lower
or higher than about & to 6.5 cg.and 1 ta 1.2
grams, respectively, per liter. When-the acidie
filaments were immersed in buffer systems con-
sisting of agueous solutions of ammonium hy-

droxide and ammonium chloride in:congentEa~
7 gram-

tions ranging from about 0.63 cc. to &l
up to about 6.3 cc. and 1.07 grams, respectively,
the filaments after only a few minutes immer-

sion in the solution were swollen to a size which.

was about three times their normal (dry) size,

while at concentrations .of the.ammonium-hy-.
droxide and smmonium chloride appreciably:
greater than about 6.3 ce, and 1.07 grams, Ye-.

spectively, the filamenis were swollen to a size
as much, as five times normal size.

When the ﬁlaments compnsmg the, integral

mass of ﬁbers oeculrmg in animal parts are, buf«
fered” by treatment- with the buffering systems
comprising dilute or highly concenfrated: solu-
tions .of ammonium hydrexide and ammonium
chlonde and swollenn to the extent described
abave, that is from three to more than five times
normal (dry) size, the filaments, regardless of

size, cannot’ be sybjected :to a tensioning . loagd

corresponding 0. the tension 1eq1med to impart
2 stretch of ‘from 14 to 16% thereto without
rupturing very readily at their weaker portions.
In order ta avoid, frequent rupture of the fila-
ments_and" permlt continuous handhng thereof,
it ‘was_necessary ‘to. subject. them to_a lower
stxetch eqmvalent to a’ lower. tensxonmg load,
which resulted ‘in final ﬁlaments ‘having corre-
spondmgly reduced tenactity and extensibility.
On the other hand, filaments which had baen
buffered by immersion in ap’ aguegus medium
containing abou* 6.3 cc, of: ammomum hydroxide
and about 1 0T gms. of ammeonium chloride, per
hter of Water, could. be <tretf‘ned fron a,bout 14
to 16% wn:hout ru]gtnre, and in all cases were

actﬂaﬂy ca,pa,ble of - withstanding a tensioning *

load considel ably g ea-ter them fhat reqmred to
‘rhn tensmn requxred “to 1mna“t a atreuch of 14
to 16%- to 2 1000 denier filament corresponds to
a’ tensxonmg load of ovﬂy about 200 to 250 gms.,
whereas the. ﬁla,ments were found capanle of
thhstandmg a, tensm*:(mg load as. ‘rn'fb as 500
grams. The ablhty of the compa;atlvely slightly
swolten buffered filaments +0 withstand tension-
ing loagds higher than are requir ed. 9 impart the
desired. stretchrthereto provides, in-effect: ‘a safety
factor which guards aeamst rupture of the fila-
ments- attheir weaker portiong which. are less
weli-adapted; inherently, to. w{thsta:;d_, tie
stretching, strecses and stra,ms ‘The fitaments
buffered in accordance With this inyention can be
aried” apd simulfanegusly ouretcbed practicaliy
to the rupture pomt without amtus,lly mp uring,
and._the. final .dried and stretched ﬁTamepts are
charach 1zed_hy__h,i_g—h‘ tensx_le strengihs and ex
tensibilities.

“The agidic. filaments or b‘n'eads comprising the
integr 1 mass of animal’ fibers may.be manuiac:
tured in any suifable mannper.

tartlr;g maferial, which may be a commercially
practlca,ble animal..sinew. or tendon, as. a. bPef
-.ten v be supjepted. to:'s mechanical 5
‘ing operation to sepsrabe_ the fibers there
. ‘the conditions of segaratign bemg such th

ey Ead s

" fiber structure Is not impaived, and the fibers with

For example, the

- tetraoxalate.
ctrodedy into: 2. coagulating and/or dehydrating
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or without cutting to obtain shorter fibers of con-
trolled length, may be suspended in a suitable
acid or acidic substance to obtain a suspension
of the fibers in the desired concentration. The
fibers may be suspended in such substances as
agyeoys selugions of lagtic; formic, phosphorie,
madonic or hydrochlorie- acid, pofassium or so-
djum bisulfate, potassium bioxalate or potassium
The suspensions may then be ex-

hath consisting of acetone or a similay liguid of
low viscosity, Alternatively, the starting mate-
rial, such as beef:tendon, may be hardened by
treatment with dry-ice and then sliced to reduce
the length of the fibers, care baing taken to main-
tain the.fiber gtructure. The slices or shavings
thus obtained may then be suspended in the acid
or.acidic substance and the suspension extruded
into acetone or the like to form continuous fila-
ments, However the acidic filaments are ob-
tained, in. accordance with this invention, after
thorough drying of the filaments leaving the coa-
guiating bath, the pH on the filaments is ad-
iusted to the alkaiine side by treatment thereof
with an alkaline solution to whiclh has been added
about .6 to 6.5 and prefevably about €3 cc. con-
centrated ammomhm hydroxide and from 1 to 1.2
and- preferably about 1.07 grams of ammonium
chioride per liter of water, and which exeris only
o controlled limited swelling action on .the fila-
ments.. Usually, the treating period is of short
duration of the order of from. 5§ to 10 minutes.
The extent to which the filaments ave swollen by
the agueous alkaline solution is not avpreciabiy
influenced by the temperature of the solution and
temperatures within a practical working. range
nay. be used.. Preferably, the temr‘eratm e of the
solution is maintained at about 23 10 28° C

After immersion in 0_1',thorough' washing with
the buffering solution, the filaments, which are
is only relatively slightly swollen condition, may
be dried and simultaneously stretched by pass- |
ing them through a drying zone steh as a heated |
tube or the like, between a pair of ﬁoaeh, rotat-
ing at controlled reiative speeds such as to.stretch
the filaments from about 14 to 16%. The fiia-
ments can be stretched without rupturing and
can be. co*xtmuouq 1y advanced over the godeis and
passed from, thie second godet to. a take-up de-
vice or to another treating stage, such as a chrom-
ing or tanning stage, as the case may be.

It will be understood that modifications may
be made in the procedure specifically exempiified
without. departmg from the spirit and scope of
the invention as defined in the appended claims.

I claim:

1., Method for the manufacture of threads and

'_the,;like comprising an integral mass of fibers
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which. occur in animal sinews, tendons, and the
like, which- comprises suspending the fibers in
an, aqueous acid solution, extruding the. suspen-
sion infto a non-basic_coagulating and dehy-
drating medium to. form acidic filaments, with-

drawing and drying the thus formed acidic fila=-

ments and raising the piT on the filaments while
swelling the. fibers to approximately twice their
normal-dry size by treating them with water to
which has been added from about 6 to 6.5 cc. of
concentrated ammonium hydroxide and’ from
about 1 fo 1. 2 grams of ammonium chloride, per
liter, and thereafter drying the filamenis while

- retch%ng; them from aboul 14.to 16%:

78

“9- Method for the manufacture.of threads and
the. like comprising an _integral mass.of fibers
which ocecur in animal sinews, tendons, and the
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like, which comprises suspending the fibers in
an aqueous acid solution, extruding the suspen-
sion into a non-basic coagulating and dehy-
drating medium to form acidic filaments, with-
drawing and drying the thus formed acidic fila-
ments and raising the pH on the filaments while
swelling the fibers to approximately twice their
normal dry size by treating them with water {o
which has been added about 6.3 cc. of concen-
trated ammonium hydroxide and about 1.07
grams of ammonium chloride, per liter, and
thereafter drying the filaments while stretching
them from 14 to 16%.

3. Method for the manufacture of threads and
the like comprising an integral mass of fibers
which occur in animal sinews, tendons, and the
like, which comprises suspending the fibers in
an aqueous acid solution, extruding the suspen-
sion into a non-basic coagulating and dehy-
drating medium consisting of an organic solvent,
to form acidic filaments, withdrawing and dry-
ing the thus formed acidic filaments and raising
the pH on the filaments, while swelling the fila-
ments to approximately twice their normal dry
size, by treating them with water to which has

been added from about 6 to 6.5 cc. of concen-

trated ammonium hydroxide and from about 1
to 1.2 grams of ammonium chloride, per liter, and
thereafter drying the filaments Wh11e stretching
them from about 14 to 169%.

4, Method for the manufacture of threads and
the like comprising an integral mass of fibers
which occur in animal sinews, tendons, and the
like, which comprises suspending the fibers in an
aqueous acid solution, extruding the suspension
into a non-basic coagulating and dehydrating
medium consisting of acetone to form acidic fila-
ments, withdrawing and drying the thus formed
acidic fllaments and raising the pH on the fila-
ments, while swelling the filaments to approxi-

1t
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mately twice their normal dry size, by treating
them with water to which has been added from
about 6 to 6.5 cc. of concentrated ammonium
hydroxide and from about 1 to 1.2 grams of am-
monium chloride, per liter, and thereafter drying
the filaments while stretching them from about
14 to 16%.

5. Method for the manufacture of threads and
the like comprising an integral mass of fibers
which occur in animal sinews, tendons, and the
like, which comprises suspending the fibers in an
aqueous acid solution, extruding the. suspension
into a non-basic coagulating and dehydrating
medium consisting of acetone to form acidic fila~
ments, withdrawing and drying the thus formed
acidic filaments and raising the pH on the fila-
ments, while swelling the filaments to approxi-
mately twice their normal dry size, by treating
them with water to which has been added about
6.3 cc. of concentrated ammonium hydroxide and
about 1.07 grams of ammonium chloride, per liter,
and thereafter drying the filaments while stretch-
ing them from about 14 to 16%.

JOHN P. HOI_LIHAN Jn

REFERENCES CITED
The following references are of record in the
file of this patent:
UNITED STATES PATENTS
Number Name ) Date
2,039,262 Schulte oo Apr. 28, 1936
2,103,138 Becker et al. _._._ Dec. 21, 1937
2,280,602 Plambeck .ol Apr. 21, 1942
2,280,603 Plambeck e Apr. 21, 1942
FOREIGN PATENTS '
Number Country - Date
349,387 Great Britain -...___ May 28, 1931
482,628  Great Britain —._.__.. Apr. 1, 1938




