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Preparation of Mechanically Strong and Biodegradable Nanocomposite

Fibers Reinforced by Cellulose Nanocrystals via Dry-jet Wet Spinning

Youngeun Lee

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

Recent developments in the usage of disposable products due to the COVID-19
pandemic have exacerbated environmental pollution, highlighting a pressing
concern. Solutions addressing this issue, such as biodegradable polymers, have
encountered challenges due to their inferior mechanical properties, hampering
their commercial viability. In an effort to overcome these limitations, we have
produced nano composites using cellulose nanocrystals(CNC). In this study, we
created robust biodegradable fibers using PBAT/CNC nanocomposites and
agar/CNC nanocomposites. The fibers fabricated through a dry-jet wet system.
The fibers showed increased toughness despite slightly reduced tensile strength
due to CNC incorporation. CNC'’s physical interactions with PBAT reduced
temperature sensitivity. With their high surface area and superior dye
adsorption capabilities, agar/CNC nanocomposite fibers hold potential for
diverse applications. These composite fibers offered excellent mechanical

properties as an eco—friendly alternative to traditional non-biodegradable fibers.
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7= PBAT/CNC2 AfrollA v F338HA vebdnt 942 69.0 +
78 MJ] m> 2 & 605% 7H# 718tk

T3, 2 [1-10 (oA Rud e Ao AR Adfo ns8 $

T
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oo 3 AlClA, v Fele W4 A dAsts hEsteke 718

g 28] v o]g 2ot ARk ST A A= R o]
A4S Belth ¥ 11-29] DSC A3}olAl CNCe| g wel, 443 <
T} w5 Hol 717 789 °CelA 96.0 °C, 126.1 °CellAl 130.2 °C=
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100% 242 PBATS AH > 114 J gt o]tH29]. 2A 3=+ CNCY
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E 1I-2. Control PBAT2} PBAT/CNC = &tk

{ 472 DSC2t TGA &z}

DSC TGA
Sample
7. (°C) | T, (°C) | 4H, (J g™ Xe Tses (°C)
Control PBAT 789 126.1 10.7 9.4 353.1
PBAT/CNCI1 93.2 128.6 75 6.6 356.8
PBAT/CNC2 96.0 130.2 6.6 59 348.8
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Im-i1 A3 2449

d

I-ii-1 AHE =2

g%l (agar)= Sigma-Aldrich Atell A FFufstiet. CNCe= Ayt Cellu
Force Atoll A Ftuf&kodc}. of €2 (ethyl alcohol, extra pure)¥ & o] &4
2= N =

= @F Ducksan AblA TFulstelth 1% d"d Bsh Asteas

T

Daejung chmicals & metals AlollA  Fujstdct. &2 Al = (glycerol,

99.9%)2 Samchun®ll 4] +-w} 8} 3 T
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I-ii-2 €9 A=

Agar €9 A=

13 g9] agarg & o] 87 mldl #H7Ist & WYL ~EHEE o] &
3l 95 °Coll A 4A1ZF Fb wwkstd, Wit S HE7F ol o
2} 3009141 200 rpmo.® FEAT ¢

w/v%©°] T},

Agar/CNC &9 A=

CNCE & o] 87 gell H7} &, 2443t 5%

c
o
®
o
=2
192]
o
=
o
Q)
=
)
=
o
°
op

ko3
=
sho] EAAZT Agar® ONC/E o5 atolo] d7g ¥, vz
26 S o] g3 95 °ColA 4417 Sk murskdth wut $EE FEs}
woldol wheh 300904 200 rpmo® RFElTh ¢

=T 13 w/v%elth agar ol wigk CNCe +&F &2 7 05
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Water-soluble
polymer

Water-dispersible
nanofiller

Organic solvent-free
agueous solution

Mz np™oll tfeh JHEEE.

r
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IMI-ii-3 AEANAE EdA AF Ax

Agar/CNC Y= E3A HFA%
Agar/CNC Ux E3A AfE 714 WA 3-8 S 23

= —
LS 05 °CE FA 3 424 m min !9 ¢& £5=2 =59 AL
X

2]
ME FHsL 0 °Co ders SuSoA gad

th @

ko3

=
ol A CeEs e FrHHoR SAAZT T HA, A HA 3
EelE 30 °C & 50 °CE dAste] 7/ &
min'¢] =2 AHHATE AHE AFHe 29 JAHE THAh

gl
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Dry-jet wet spinning system
Godet roller #1
165 l'l‘l-"lll'ﬂ]' Godet roller #2 Godet roller #3

Estrusion rate I8 mimin) (8.5 mimin}

(4.24 mimin)

Winder
(8.5 mimin)

Coaguation bath: ethanol (0 °C) AL30°C At 50 °C

a7 -2, Agar/CNC Hte=S2hdl d 72l M= npgol et JHets
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J% 1II-3. Agar/CNC tt-=atd MF7(2lZFE Control agar, agar/CNCO0.5,

agar/CNC1 M 7).
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III-ii-4 AEAAH 2E Ax

o

A HEE Az

0.53 g9 agarg 20 mLe] & o]&Fo H7tgk F 95 °ColA] 30%F
Wk Th agar &l 0.16 go =EAES H7Este] 1083 F7H4
o w wykslnh Alxd &oAs HEZ ol Hof 60 °C 224 4
&t Axsto] wojuit

>
>

17

-
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III-ii-5 &4 ¥4y

AAREFAAAE ] % (FE-SEM)
FE-SEM (MIRA 3, Tescan, Czech Republic)g ©]&3lo] -3 /CNC

= EEA AR 179 2 g 425 FAEAT 20 mAdlA 60x

i

L
i
o

Hyow AvE e F 10 kvel A&AgeA S4aar.

¥ E4 54 (Rheometer)

Jo

3 A4 #@enE(MCR 302, Anton Paar, Austria)E AFg&3le] 3-d
/CNC 5 &9 fFWH EA4& ST 47 mLe AdY 3
(CC1INell &ds & F & S¢S A5 f&f nvdlE 2d=
8319t Frequency sweep< 0.05-500 rad s 'o] F3t WA 5%

o] Mg g2 =AYt Temperature sweep> 10 rad s FI52 1

gstel 1%¢] Mg EZ SHHAY

K

av
o2
Jo
i
o,

>~

18 37} (FAVIMAT+)

G Af o AA7(FAVIMAT+, Textechno, Germany)® EgHA)
d59 9% B48 Frbskdth =4 A 1.0 oN tex 9 ZHEAS T}
257014 1 inche] Ale]x ZololA 10 mm min'9] A=

=
Sz syl

F7 X-A g B4 (WAXS)

F38 7H57] A+ APAL) 1T 6D UNIST-PAL Yol 32 XA ke
EH(WAXS)S a9tk XAe 533 olux 72+ 0653 Al 18.986
keV o]t}
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II1-ii-6 948 &3 A3

Aol A F-337)(Cary 8454, Agilent Technologies, USA)S A}-&3to] 1,
, 8, 10 mg/Le] Wz &F &q9 FAREE SA4s A =
54 e e 2o

Concentration(mg L™ ") = 5.68037 X absorbance (a.u.) + 1.47972

Do
=
(o))

4= FF AN ¥
0.03 go A=E 40 mg/L WY &F &< 156 mLoll A7 5 &
228 %7] (C-SKI-3, changshin science, korea)E o]&3lo] 25 °Cel

A 150 rpme.E mHHETh 7 ADEE weld & 448 Aol we

& gl 579 da)e te Al os AtE AT

A7 Coe AlZre] 0¥ o &9 Fx(mg LY, CE Al td o
A%

Gde FE(mg LYotk Vi &9 FI(L), W A8 F7(g)°]

3AIE F AEE FAT AFE AW 15 mLe 0.1 M HClVOll¥&
°

A7) E ol&ske] 25 °Coll
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a9 -5 13 w/iv%e] H5FA &95 24 3te], CNC o] & &
Wz EAS Ve agiZolt 2% MI-5 (a-b)ol W=, CNC &%
o] T7kgel wel Hrel vy B Frtete s = ¢ vk 19 116
(@A tan & Ftol AA Fase AFS HAFLH o B¥e T o
A A CNC #H7I= <ls)
do] EINS FFH
a9 -5 (o) F-F EF5 o83ty &5 S8 F-F 39 7187
e HERRIY (19 -5 () &5 &8()> 7k &30 v 5 44
o RFH TR, vkt o] g eErH3ll

= 7+ Ko

oA71A G FAA Agola, K& 4ottt Control agard ¥ 323
Z-2 F%9 71€7]= 001 MPa¥} 1129 @<= Adoh. CNCeo 7=
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-2 =39 7]1€717F #4(agar/CNCOSE 0.09, agar/CNCI1L 0.72)3}=
A HAEe) A vtgl ATS Hole A T onE Adr} Agar

2tz Wol ONC 78] %2 AFom olg Bads Txr/ IS

51
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= | — = log 2
] o ] %]
& o1 10t} £ | ¢
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Is) > S
o S
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a9 -6 44 24 ARE ntg o Axd H5FA Ao mW F
st 725 YeEtl= SEM olvjAeltt. o] AFE2 714 WAE §
3 wrEoldth 29 1169 (a), (b), (A Al 7FA A 25 uigs
Z¥ FHE BAvk 19 1169 (d), (o), (DollA w1z FgdHS A
ye, vlwz HA 77he EAS YeEbdTh 1 wt% CNCE 233 4

7%, Control agarel Hla] o 9&% HehS =),
Asst pawol rHsel ek $3 gvizre]l WE wBS A§ =
of 22449 naE fudch A6 e 9o FEA Ao):
o8 Q3 HAY FeE ey 18 1 wt%e CNC7F #H 714

Wi $7e) B3 £EE =3o] JUHoR 9¥ FHE FAsE
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8 116, Agar/CNC S&tM M7 E™ 3 nofctdH Fx9f SEM 0|o[X|:

(a)2F (d) Control agar, (b)2F (e) agar/CNC0.5, (c)2t (f) agar/CNCH.

a

AW == AW =
j S AgariCNC1 - & o H Pl
3 & O . = lea & & —— AganiCNCA
: ; S

Sl )

= 8

?_—' ‘2\

: g

g c

) 2

£ =

a2 -7, 27k WAXD m{ & (a) Control agar, (b) agar/CNCO0.5, (c)
agar/CNC1, (d) 1Akl WAXD e =,
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