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The present invention relates. to the manufac 
ture of collagen ?laments, threads, strands, tapes 
and the likeand more particularly to an improved 
process for such manufacture. 
Such threads, ?laments, strands, tapes and the 

like are hereinafter referred to .as “strands” for 
convenience OfrdlSCllSSlOIl; and may besingle or‘ 
multi-?lament. Such‘l-mUlti-?lament strands 
may result-.from the conventional processing step‘: 
of twisting together: a number of smaller fila 
ments.‘ Conversely, a substantially. unitary 
strand mayresult.from-twistingtogether a num 
ber of smaller?laments when sufficiently wet and 
untanned to permit a, coalescence orcohesive ac 
tion to occur. < 

Themanufacture of th-ecollagen strands of the 
present invention provides a suture material 
which, being absorbable, is particularly useful for 
deep sutures, possessing distinct advantage over 
such materials available in the past. The gut 
sutures commonly used heretofore have a decided 
disadvantage in that it is extremely difficult to 
guarantee freedom from germs or other-micro 
organisms. Further, gut sutures are of non-uni 
form thickness and tensile strength and of only 
limited length, the latter being determined by the 
length of the intestine material processed. Gela“ 
tine sutures have been proposed as being sterile, 
of uniform quality and unlimited length but such 
sutures are too low in tensile strength to be suit 
able. The collagen strands produced by the im 
proved process of the present invention are sterile, 
of unlimited length, uniform throughout such 
length as to thickness, tensile strength and ca— 
pacity for chemical or heat sterilization and of 
suf?ciently high tensile strength to provide sub‘ 
stantial elimination of all of the difficulties ex 
perienced heretofore. 

Collagen strands are prepared by extruding 
liqui?ed collagen such as a paste, suspension, or 
solution of collagenous material into a coagulat 
ing solution. or spinning bath. Such collagen 
strands are thereafter removed from the spinning 
bath generally by spooling, employing a godet 
by which a predetermined, uniform tension is ap 
plied to the strands. Such tension serves to orient 
the material composing the strand in a longitudi 
nal direction and result in increasing the tensile 
strength of the strand. The stretch imparted at 
this time is the maximum allowable being just 
safely below the breaking point of the strands. 
Thereafter the collagen strands may be treated 
by prolonged contact with coagulating solution, 
mostconveniently the-same as that employed in 
the spinning bath- to set-them-in their stretched 
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2 
condition-and minimize, or eliminate retraction 

The- strands; may: 
also be tanned by treating with solutions-of the 
upon removal of tension; 

conventional ‘tanning; agents such; as - the tan 
nins, other vegetable tanning agents“ pyrogallol, 
formaldehyde,~and ferric,» aluminum and chromic 
salts, Of ‘theselthechromic salts, formaldehyde, 
and ferric ,and-galuminunrysalts areuby-farthe 
preferred .agentsyu-beingl; preferred; in= the- order 
given.- In keepinswwim-the Practices employed-in 
the‘?spinning of. otherjarti?cialq?laments, Strands, 
threads and<thelikehit would beg-desirable that 
a furtherg, stretch, .be,=_impa,rte,d 1-150 -;-the ' collagen 
strands after;the;?rststreteh‘hasgbeenset. Such 
additional stretchingjs desirable to;.further in 
crease thejdegree of orientation inttherstrand and 
result in increased tensile strengthginqthe-?nal 
producti~ ' Howeven-the-stretch impartedat the 
time of spinning hasalways heretoforegappeared 
to be the-onlyone allowable, .atternpts‘to stretch 
further being foundito resultinyerydittle stretch 
and a high-occurrencelpf breakage.‘ 

It has nowrbeen. discoyered-that _-an»:additional 
stretch -may be imparted-to the ;_collag_en~strands 
if they are ?rst atreatedwlthjta ,relatively-dilute 
solution of a tanningwagent-such .asthose-~afore>~ 
mentioned.- Treatmentwith-suchdilute solution 
of tanning agentsu?ioiently- increases the..- wet 
tensile strength. of theialready stretched. and set 
strand that».an»_ additional stretch~may -be im 
parted. Further, such-y treatment ~witlra dilute 
solution of~a tanning agent, hereinafter some 
times referred to as'pretanning, eliminates- a 
tendency on the part of :the strands to coalesce 
when. wetjso that such :tanning treatment also 
provides .for easier handling; 

Accordinglyf-the process .-of. the present inven 
tion comprises subjecting-the formed-collagen 
strands to the vlight tanning action-of a dilute 
solution. of a-tanning‘agenhsuch ,as a chromic 
salt, a ferric salt-formaldehyde and the like and: 
thereafter; treating, such- strands ; with water or 
aqueous solution to su?iciently-soften» the strands 
so that a stretch-may be imparted ;to the. pre 
tanned collagen strand; stretching‘ said strand 
and setting said stretch bytreatment with a more 
concentrated solution of-tanning agent-or, as be 
fore, by treatment with a solution, of coagulating 
agent, thereafter washing-the strand- and drying. 
If desired,- a series of such-pretanning treatments 
maybeemployedibeforer?nal tanning imparting 
a stretch after-each-of such treatments, the ex 
tensibility of the- strands decreasing as > the con 
centration of ‘the tanning agent-and/or the time 
of the pretanni-ng. treatment lsincreased. 
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While any of numerous tanning agents may be 
employed including those aforementioned, it has 
been found that particularly good results are ob 
tained with chromic salts and still more particu 
larly with chromic sulfate. Chromic sulfate solu 
ticn is employed at a pH of substantially 2-5. In 
this pH range chromic sulfate is considered to be 
a basic chromic sulfate. It is preferred to em 
ploy chromic sulfate having about half of the 
sulfate groups replaced by hydroxyl groups. The 
concentration of the chromic sulfate or other 
chromic salt employed in the pretanning step 
should be within a range equivalent to 0.01-0.50 % 
CrzOs,' the preferred concentration being one 
equivalent to 0.05% C'rzOa at which concentra 
tion a pH of 4.8 prevails. The concentration of 
chromic salt employed in the ?nal tanning treat 
ment is much higher being Within a range equiva 
let to 1.040% CrzOs, an amount equivalent to 
22.5% CrzOs being preferred at which concen 
tration a pH of 3.8 obtains. The temperature em 
ployed in such tanning treatments is of the order 
of 20-30° C. 
Other tanning agents are employed at pH 

values more suitably adapted to their use and in 
concentrations dependent upon the particular 
agent employed, but it will be generally found 
that the ratio of the concentration in the pre 
tainning bath will be substantially in the same 
order as that disclosed above for chromic salts. 
In the case of formaldehyde, about a 5% solution 
is required to effect suitable ?nal tanning, a pro 
portionately dilute solution being suitable for pre 
tanning. On the other hand, the concentration 
of the solution employed in pretanning is not 
particularly critical, especially if approached from 
the under side. ' 

Preferably, such tanning agent is employed in 
a solution containing a su?iciently highconcen 
tration of a coagulating agent to minimize any 
tendency of the strand to swell during the tanning 
treatment and likewise the subsequent treatment 
with water or aqueous solution to wash the tan 
ning agent from the strand and somewhat soften 
said strand for stretching is preferably carried 
out employing a coagulating agent. While or 
ganic coagulating agents such as water soluble 
ketones, alcohols, ethers and the like can be em 
ployed with success in preventing swelling it has 
been found particularly suitable to employ inor 
ganic salt coagulants such as sodium, magnesium 
and ammonium sulfate and the like for this pur 
pose. In preventing swelling during pretanning 
the solutions are preferably substantially satur 
ated with respect to such coagulating compounds 
whereas lower concentrations, of the order of 10%, 
are employed for the same purpose in the ?nal 
tanning solution. In preventing swelling while 
softening prior to stretching, however, such co 
agulating agent is employed in lower concentra 
tion, 15-25% being the range of concentration 
for the aforementioned sulfates, 20% being the 
optimum concentration with the small diameter 
suture strands to which the process of the present 
invention is particularly directed. 
The degree of stretch to which the tanned 

suture strands may be subjected after such pre 
tanning is such that the strands are increased in 
length substantially 15-40%. It is preferred to 
operate with an applied tension such that the 
increase is within the range of 20—25%. However, 
any suitable degree of stretch may be applied de 
pending upon the diameter of the strands, the 
quality of the collagen, the purposes to which 
the strands are to be put and the like. 
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4 
A detailed example of the preferred embodi~ 

ment of the present invention follows: 
A collagen solution is prepared by treating the 

cleaned corium of hide or skin material with a 
solution of organic acid at a pH in the range of 
2-4 for about 16-24 hours at 10—30° C. Follow 
ing the swelling, the material is mechanically 
subdivided in various types of apparatus ranging 
from a meat grinder to a colloid mill. Final 
solution is obtained by adjusting the pH to 2-4 
by the addition of organic acid, ?ltration being 
employed after these operations to remove any 
remaining ?bers. Such a solution free from ?bers 
or ?brous material may be extruded through small 
ori?ces and formed into very ?ne ?laments of 
exceptional uniformity and purity to render them 
especially adaptable for use as sutures. 
Said collagen solution is of 5-15% collagen 

content, preferably 9%, and is introduced at I 
to be extruded through a spinnerette 2 having 
ori?ces of from 50 microns to 1 mm. Such ori?ces 
are preferably from 70 to 250 microns in diameter 
when suture material is to be prepared from the 
above 9% solution. The collagen is extruded into 
a concentrated solution of ammonium sulfate 3 
containing at least 35% of the salt maintained at 
a pH of 7.8, and at a temperature of 20-30° C. 
In working with acidic collagen solutions the 
addition of base is required to maintain the 
desired pH in the spinning bath. 
Any suitable coagulant may be employed, al 

though ammonium sulfate is preferred because of 
its high solubility (about 42%) and low cost. 
Generally, this coagulant is employed at a con 
centration of at least 35%. Sodium sulfate and 
magnesium sulfate can likewise be employed but 
being considerably less soluble are less effective. 
Various organic compounds have been suggested, 
such as ethyl alcohol, acetone, ethylene glycol 
mono ethyl ether, diacetone alcohol and the like. 
However, such expensive organic compounds 
possess no appreciable advantage over the less 
expensive inorganic salts. 
The strands 4 are removed from the coagulat~ 

ing solution or spinning bath 3 by spooling, and 
preferably a stretch is imparted by passing such 
strands over a plurality of revolving wheels 5, 
called godets, which have increasing peripheral 
speeds so that a tension is applied to the strands 
before or while they are wound on spool 6. In 
spinning suture material it has been found advis 
able to impart a 100% stretch to the strands, 
although stretching the strands as much as 700% 
can be employed if desired with larger diameter 
strands. Satisfactory strands have been spun 
in this way from a spinnerette with ori?ces 
measuring 110 microns in diameter at the rate 
of 80 meters/min. 
The diameter of the strands is dependent upon 

the concentration of the collagen in the solution 
being extruded, the rate with which said solution 
is extruded and the rate of spooling. Preferably, 
the collagen concentration remains substantially 
constant at 9-10% and variation in strand diam~ 
eter is obtained by changing one or all of the 
other of the aforementioned variables. 
Generally, a lubricant is employed in the spin 

ning of the collagen strands to prevent coales 
cence on gathering them together in the course 
of spooling. such lubrication is best provided at 
the time of spinning and spooling and may be 
done by emulsifying a lubricant such as a fatty 
oil in the spinning or coagulating bath. With 
out such lubrication the wet ?laments on being 
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spooled from. the spinning ‘bath? tend to coalesce 
to a substantially unitary strand particularlygif 
forced- together under the stress developed: dur: ‘' 
ing stretching. 

After the strands have been spooled, it is pref- I‘ 
erable-to leave them in contact witha coagulate - 
ing solution 9 for a period of time,.such coagulat-r 
ing bath being most conveniently'of thesame ' 
composition as that used in the~spinning;bat~h_~ 
and such period of contact being any convenient 
period. A contact period in excess of 24 hours 
serves no useful purpose, however, in that further 
shrinking does-not result. On the other-“hand 
this treatment may be dispensed with-if desired» ' 
without imposing undue di?iculty on subsequent 
handling. 
Thereafter the spooled strands are pretanned 

with a dilute solution of chromic sulfate H con 
taining the equivalent of 0.05% C1‘2O3, at pH 4.8 
for a period of about 24 hours. Such pretanning 
solution contains 35%, or more, of ammonium 
sulfate which is employed to prevent swelling 
during the pretanning treatment. 
At this concentration the period of treatment 

is not very critical but should not be less than 12 
hours or more than 36 hours if tanning is to re 
sult 0n the one hand and overtanning is to be 
avoided on the other hand. The optimum period 
of treatment varies from 2-3 hours at a concen— 
tration equivalent to 0.5% CrzOz, to 48 hours at 
0.01% CrzOa At the higher chromic sulfate con 
centrations the period of treatment employed be 
comes considerably more critical requiring closer 
attention. This consideration is largely respon 
sible for the preferability of operating at 0.05% 
CrzQz. Such pretanning is conveniently effected 
by pumping the solution through and between the 
spooled strands, although other methods of ma 
nipulation may be employed, care being taken 
to prevent breakage of the strands and provide 
uniform contacting of the surface of such strands. 

After such pretanning the strands are treated 
with water or aqueous solution IE to soften them 
su?icicntly so that a stretch may be imparted. 
Such softening should be carefully controlled to 
provide a maximum stretch while still avoiding 
breakage. While water or any aqueous solution 
may be employed, provided it is not a solution of 
tanning agent, it is preferred to use a solution 
containing a coagulant as aforementioned, 20% 
being the preferred concentration for such in 
organic salt coagulants as ammonium, sodium 
and magnesium sulfate. The strands are there 
after stretched with the aid of godets l3, the de 
gree of stretch imparted being from 15 to 40%, 
preferably from 20 to 25% in the case of the 
strands prepared under the conditions presently 
out-lined, although other degrees of stretch may 
be used with other collagen strands. 

Thereafter such stretched strands are given 
a ?nal tanning in a solution i4 containing chromic 
sulfate equivalent to 2.5% Cl'2O3 at a pH of 3.8, 
said solution containing about 10% of sodium 
sulfate. The ?nal tanning treatment likewise 
requires a period of about 24 hours although 
here too, as with pretanning, a shorter or longer 
period can be employed. 
Adhering salts or other treating materials may 

then be washed from the strands by passing the 
same in contact with water 15 at a temperature 
of about 20-30° C. Such washed strands may 
then be dried in drying chamber IS in air heated 
from room temperature to 60° C. However, the 
lower the temperature the less the chance of dam 
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agaoccurringsin the :treated.» material.‘ The-?nal. -. ' 
product. is ~wound~on:spool. i 9. 
What is-claimed'isz. 
1. The process of claim 'Iin which the tanning 

and-softeningsolutionscontain substantial. pro 
portions. of :a. coagulating material. 

2.-In1 the processingof a collagen strand, the 
steps comprising pretanning such a strand with 
an aqueoust-solution- containing chromic sulfate 
.--equivalent to 0.01-0.50% Cl‘2O3 and substantially 
saturated with ammonium sulfate at a pH of 2-5, 
treating; said ‘m‘etanned strand with water con 
taining substantially 20% ammonium sulfate to» 
soften said strand and permit a stretch to be 
imparted, stretching said strand, ?nally tanning 
said stretched strand with an aqueous solution 
containing chromic sulfate equivalent to 1.0 
10.0% C1‘2O3 and containing substantially 10% of 
sodium sulfate at a pH of 2-5, washing said strand 
to remove said salts and drying said strand. 

3. The method of claim 2 in which the strand 
is pretanned with a solution containing chromic 
sulfate equivalent to substantially 0.05 % Cl‘zOs at 
a pH of 4.8 and ?nally tanned with a solution 
containing chromic sulfate equivalent to substan 
tially 2.5% CrzOs at a pH of 3.8, both treatments 
continuing for substantially 24 hours. 

4. An improved method of making a col 
lagenous strand which comprises extruding col 
lagenous material into a coagulating bath, re 
moving the coagulated strand therefrom under 
sufficient tension to impart a stretch to said 
strand, pretannlng said strand with a solution 
containing chromic sulfate equivalent to 0.01 
0.50% Cr2O3 and substantially saturated with 
ammonium sulfate at a pH of 2-5, treating said 
lightly tanned strand with water containing sub 
stantially 20% ammonium sulfate to soften said 
strand and permit a stretch to be imparted, 
stretching said strand, ?nally tanning said 
stretched strand with a solution containing 
chromic sulfate equivalent to 1.0-10.0% CrzOs 
and substantially saturated with ammonium 
sulfate at a pH of 2-5, washing said strand to 
remove said salts and drying said strand. 

5. An improved method of making a col 
lagenous strand which comprises extruding col 
lagenous material into a coagulating bath, re 
moving the coagulated strand therefrom under 
sufficient tension to impart a stretch to said 
strand, treating said strand with a solution of 
coagulant to set said stretch, pretanning said 
strand with a solution containing chromic sul 
fate equivalent to 0.01-0.50% Cl'203 and sub 
stantially saturated with ammonium sulfate at 
a pH of 2-5, treating said lightly tanned strand 
with water containing substantially 20% am 
monium' sulfate to soften said strand and per 
mit a stretch to be imparted, stretching said 
strand, ?nally tanning said stretched strand with 
a solution containing chromic sulfate equivalent 
to l.0—10.0% C1‘203 and substantially saturated 
with ammonium sulfate at a pH of 2-5, washing 
said strand to remove said salts and drying said 
strand. 

6. The method of claim 5 in which the strand 
is pretanned with a solution containing chromic 
sulfate equivalent to substantially 0.05% CrzOs 
at a pH of 4.8 and ?nally tanned with a solution 
containing chromic sulfate equivalent to sub 
stantially 2.5% C1‘2O3 at a pH of 3.8, both treat 
ments continuing for substantially 24 hours. 

7. In the processing of a collagen strand, the 
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steps comprising pretanning such a strand with 
an aqueous solution containing chromic sulfate 
equivalent to 0.01-0.50% CrzOs and having a pH 
of 2-5, softening said pretanned strand with water, 
stretching said strand, and ?nally tanning said 
stretched strand with an aqueous solution con 
taining chromic sulfate equivalent to 1.0_10.0% 
CI‘zOs and having a pH of 2-5. 

ARTHUR CRESSWELL. 
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