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Preparation of Fish-skin-based Conjugated Collagen Fibers and
Nonwovens for Wound Dressings
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Abstract: Collagen Is used in variou. ‘ral and cosmetic materials as. * olymer. In
¢+ ‘ar to use it for high-end medical fib. mechanical properties must . = “roved,
o -an be achieved by conjugating itw. " skin-based collagen and chi..  The
conjuy,. ~llagen fibers can utilize the advanw.. ¢ the materlals and canbe a, 1
to make we *anwovens for wound dressing. I, *udy, the conjugated collay,
fibers were prep. *wet spinning and their surface, o, *nd mechanical properties
were analyzed baseu = various compositions of collage. * chitosan. In addition,

X ) the wet-laid nonwovens v. anufactured with bilayers, desigr. *h an Inner layer of

Corresponding Author: £...., ..., conjugated collagen fibers an.. ter layer of cotton/chitosan spui.  anwoven, The

E-mail: m characteristics of the wet-laid non. = in terms of their liquid-handlin,  ~erties and
the distribution of their pore sizes wei. “tigated. The results thus obtaines . ~w that

Received February 1, 2022 the use of conjugated fibers In wet-laid n..  vens can affect their properties, which can

Revised February 19, 2022 be controlled by adjusting the composition ratio.

Accapied Februaey 20, 202 Keywords: collagen fiber, chitosan fiber, conjugated fiber, wet-spinning, nonwovens, wound
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Figure 1, Scheme representation of préparation of bi-layer nonwovens.
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Table 1. Spinning conditions of the chitosan and the conjugated
collagen fibers

Sampie Weight ratio “n  Flowrate
it Chitosan  Collagen [ "mffmin)
Ui 0 3 o
CHO5FS 95 23 003
CHIOF10 a0 10 005
CHBOF20 80 20 20
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molecular weight or composition, which si; ficantly influences the mechanical properties
~Fcarbon fibers [13]. In addition, various fa.  *on processes related to the spinnability
‘hanical properties of carbon fibers have - studied [14,15].

I “Mcopolymeris©  Geally manufacture  *h 3-6 wt.% MA. The processabil-
ity typically ..~ ~ewithinai. = MA, but the me.  “-al properties are adversely
affected; therefore, . * content =r than 6 wt.% is . scommended [10]. The
limitations of carbon fibe. afP (A, "A) copolymer pose “eles to it being com-
mercially mass-produced; howe.  “=actny “ed in researchon . ~oretical strength
and mechanical properties of carbu. *[lo, = molecular weigi.  mposition of
PP (AN-MA) precursor fiber has been studic sty cshave theeffects . molecular
+ =ight on its mechi. ' oroperties [13] ana . %, vroperties, with . ~esin
. ssition [17,18] anw. ming and solidificati. . *[19]. Sinceitis. cic
comy *t of PAN precurs. =15, it has been analy.. LY =ly [20], including
rheologi.  =ects and the efte.  “doping treatment [2:, ac - crystallinity ana
tructure of o = in the precurso “stage significantly afte * the “anical proper-

Fearbon fib.  tructural study a.. alysis of polymer P (AN-M,  aterial and
an o tanding o wicrostructural ci.. = that occur in the fiber ma ~turing
process . quired. The *5 been little resea. 2 the drawing process, esp. 'y in
the PAN pre. «fiberman.  ring process, whi.  'ms a structure by dispersic.
+ sionofsolv. - thespinnu.  cess, washingan.  “ing, and the drawing proc.
Fe.  dieshavele. "atthemici.  ~tureinvolved, a..  ~h studies on the interna
struct.  “hangesand,  “-al propert,  -ges that occur a. the stretching process
have bee. Aucted [22].

In this » to investigate P (AN-MA) . vior under draw ~onditions, the
changesthatocc.  “he mechanical behaviorand p. tesof P(AN-MA,  ~olymer with
chan,  -molecula. ‘chtwerear  ed fromami.  -uctural perspec.  The PAN

copolym.  ~dforfibe  ningwas, merizedtooL  various molecw.  =ights,
and the mole  “weighta  “mposition.  “e polymerize ~ ‘AN-MA) mater.  ore
confi* ~dthrou,  !permea. hromatogr.  (GPC)and nu. ~ magnetic resor,
(NMEK, ‘wsistoco vthechan.  sticsofthe  'merized mat The polymeriz.
materialw ~ ~unand.  athroug.  stspinniny,  -essand a dry stretching process,
respectively. «  «esinth.  'sical pro, ‘ssbeforear  “er stretching with changes in
the molecular we ~ “of them.  “ctured 1. were verit.  Through image analysis, it

‘confirmed thar  =weren.  -ularitie.  reorafter  stretching of each fiber
an er factors affec the meci.  =alprope - Inaddit.  ‘he crystallinity and
voids.  “we of each fibe, analyze.  vraydi.  fon (XRD).  sis. The effects of
changes.  ~molecular we,, fP(AN-. ‘fibers1. facturedb, same process
on the micro.  “ture of carbon . . - were examined, ane  “rostructur.  “ferences in
fibers with diffe. ~ molecular weig, *. ere investigated.

2. Materials and Mex, -
2.1. Materials and Polyme, .ation
The PAN  wolymer was pol* merizea e typically used basicsr”  ‘on polymeriza-
t srocess[1 ' Themateria.  =d were  “lonitrile ‘AN, Sigma-A  -h, St. Louis,
ML TA)and m. laerylate (M. vma-Al. St.L MO, USA).  -ethyl sul-
foxide . 'SO, Dajui. . “heung, Korew. s used a. solve  'nd thesolver, s used
inthe poi,  -ization,.. llasthedop.  waration. 'spin. - Polymeriza  was
~ducted u. aa’-azol  obutyronitile BN, Sigi  ‘ldric . Louis, MO, '4)
a.  ‘nitiator. «  omposit.  ~fthecopolyi.  wvaspoly  ized  sdona97:3 1. ao.
The,  merizatio. ‘ssynthe. 1by DMSO-L  f1solutio. lyme tion, targeting
three a.  nt molec weights ' the same . -osition . -ami. e effects of
molecular ht. Ther.  -ularwe.  was control.  veontro.  “the _ientof the
initiator AIB 1theam. ‘wascon olled basedon  sideratio. . the polymeriza-
tion environmen. = polymerized material was washed & 1ried using distilled water
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Figure 1. Schematic of the process of wet-spun PAN fiber.

Figure 2. Lab-scale wet-spinning and drawing equipment.

2.3. Characterization

T analyze the chemica! ucture  “e P(AN-en-MA)}  mer, 40. Yz 'H NMR
(n agnet” =sonance,.  NCEL "), Bru.  SBilleric.  'A,USA, slysis was
pert. - vinte, ‘ngthesigs  anges. eHp: sofn ine(CH) thylene
(CHy), & hyl(C  -ontained  “ecop. er. Th. ‘ative. sbersofh, sgens
1 ring ™ peak ccompat. cnd o llowin,  emule Cquation (. vas
o ad T rratio . caleulatec cording theme  ddary htofthel, -

¢ e alymes, ured us,  MatersG ‘gelp eation  smav  aphy, Agile
120, Ny ok Sanu 1, CA Us  ~detern thev htedav  em  ular weigh
(Mw) "+ olyme. ibutionin  ‘PDI). .oconfir. Satthep me. s suitable
foruses . ingsoluc  athighcoi.  ‘rations, P (AN A) poly ers with different
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maolec. eights were prepared at 25 wt%, and the viscosity was m.  ved using a rotary
rheometer . 7S G2, TA, New Castle, DE, USA) at room temperature (.~ 5 °C) and shear

rates (y) of 0.0, 400 1/s.

Relaw. nle MA = - ")

: gt "CH;, iy 78 ] (1
Relative mole AN = o " --—) - (J—J—, H NMR
The surface structure of the fibers was obse, ved usi*  anelec’ n microscer~ (FE-SEM,
18000, Hita:  Tokyo, Japa: Y, anc spinel = and . din.  ‘ons wernn  ~firmed
w  ththeimay, “hemica.  dsan  ciduals 'ventsi.  ‘po. merswere.  ined
byr er-transfor.  “aredsp. vscop, IR, slet67u  “ermo FisherSe  fic,
Waltha. 1A, USA). .  microsti.  -eot. fiber measu.  “hrough wide-a,
Xeray difte n (WAXD, Discove.  ker, dea,.  USA)e  mall-angle X-ra_
scattering (5 ™ (Xeuss2.L, rocs, Gi. Sle, b @) w, radiab. . wa* ‘ength of
0154 nm (Cuk  Measureme  “micros.  ‘ures  “bers ugh WAXD. SAXS
has b =n conducy. = previous. ‘ies [24,.  Tnp.  ular, ~rv Allinity,  tal
size, ‘erystal oric  onin fiber.  vebeen  sure  singy . asiona Y
WAXD 77 Inthis:  wasinpres studie.  »mi fruchh 1 “oer was
measurea g 2D WAX:  inoscale str.  aresamo.  viere  ccture. Gu -an be
measured us.  SAXS [27,28). Finally, the linear density ..~ mec, "=l pt. e the
fibers were mea. - using a single fiber tester (FAVIMAT, . ~chi.  6nch  'aa. .,
Germany). Measu.  'nts were performed at 20 mm/min at .. 20-mm gauge le. . and
tensile tests were con.  »d in each of the 20 or more experiments.

3. Results and Discussion
3.1. Polymerization

“le 1 shows the results . e '"H NMR and GPC analyses of the . ~ositions and
molec  weights e P (AN-1 ° polymers preps A by solution poly:.  “zation. The
Mwof. '(LPAN) 1300k(H: ") werehigher. "1kand337k resp 'vely,and

eMwo. Tk(MPA. rasloweryv -aMwof221k  wever all PDI poly s were
‘ormly} wmerized. cithin2, a1 “edifferencein  ‘ecular weight wa:  “tinct,
w. Nisbelic 'tohave. -tedthem anical propertic “the P(AN-MA)p. wer
ana  crdepen  zonthen cularwelg Tocheck whethe, tspinning waspo. e
whe ‘varing . inning s fon witha  h concentratior. P (AN-MA) poly
the v. vofthe waningsor  nprepare. 25 wit% wasme  ved at shear rates
11-90u WRT. A chearrate /s, thevis ‘tyaccon 7to. =cular weight was
wured . 219.09.  forLPAr  445Pasf 'PAN,a 1882 s for HPAN. It
ca  2seeni.  wure3bk ‘hevisco.  of P(AN-M  increas.s rapidi,  the molecular
we, increas. cndalth  hthevis ‘tyof HPAN  \igh,itisasuite  viscosity for
wet: cning. b ‘dition,  viscosity c-reases rapr  in the high-mo, lar-weight
sampl  wtothe ureofticviscosity. .ctedbythel.  molecular weig ontent.

Table1.!. MRand ¢ analysis of P (AN-MA) copolymers.

NM  onversion Ratio (mol %) GrC
P (AN-MA) — —_— : —
AN MA Mw PDI
LPAN 97 3 191k 1.93
MPAN 97.7 23 221k 1.86

HPAN 97 3 337k 1.91
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