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Abstract

Study on Microstructure and Application of

Nanocel lulose for Composite Materials

Jin Seong Lim

Advisor : Prof. Jae Kwan Lee
Co-Adviser : Junyeon Hwang

Depar tment of Carbon materials

The Graduate School Chosun University

Renewable materials have been considered as one of the candidates to
replace fossil resources when environmental issues have been on the rise.
Moreover, to use natural polymer materials for wvarious industrial
applications, many researchers have focused on cellulose materials, which
have some remarkable benefits such as low density, high absorptivity, low
cost, and biodegradability. Recently, conversion of the cellulose
structure from micro— to nano-scale have been studied to enhance its
mechanical, thermal and optical properties. In this study, we present
fabrication methods for nanofibrilled-celluoses (NFCs) using grinder
method and aqueous counter collision treatment from the micro-celluose.
Between these two NFCs production methods, the grinder method is the
effective means in terms of high strength. It is attributed to the NFC
diameter, which is decreased as the process cycles are increased; as a
result, NFCs films show higher tensile strength than raw cellulose.
PLA/NFC composites were fabricated and examined the mechanical properties.
The results proved that the tensile strength of the prepared composites
was improved by reinforcing effect of NFCs. Therefore, this study shows
that the cellulose materials can be applied to automobile, construction
and household goods as eco-friendly and sustainable materials with high
mechanical properties.
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2 0208 HdEX2 AFHIAAN H ZHIHEOZ 0|20HE DEX
Ct.(Figure 2.) 18384 9 PayenOfl 2IotH = ZzZ 4
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Figure 2. Structure of Cellulose [8,9]
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Figure 3. Hydrogen bonds between cellulose chains

Collection @ chosun



Jin Seong Lim — M.S thesis

Chosun_University, Department of Carborn materials

0l =226t)| /At EXo=Z, 1846Y SchonbeineE =2 HMEZL2A9 6
OlE=Z2 A0 ZAHAHZ Xl 2ot 0d ST H e LIEZA
(Nitrocelluose)E &MotUCH. [12 &

(acetatecellulose), II=2AIHEREZ 2 A (carboxymethylcel lulose
A

T XEM s st Z20HlA AT UL

Cellulose_ethers R groups
Methyvlcellulose H, CH,

H Ethyleellulose H. CH,CH,
Hydroxycthylmethyleellulose  H. CH,, [CH,CH,0] H
Hydroxypropyleellulose H. [CH,CH(CH,)O] H
Carboxymethylcellulose H, CH,COONa

Figure 4. Chemical structure of cellulose ether derivatives [13]

Z20= AER22A0 ZEH FYUHA R0HE= 24D HZE3E IA0
AN BHEH=E S04 BRY, dE22A 2242 st =AZgsE SIHE
2 UTE PXHOZ LicstE AE222A (nanocel lulose) S17IF 2ets| &
el D QUCH [14,15] L& E22A (nanofibrilled cellulose(CNF))= 0r013
: II2d XE 222 &= 0|80t Uk mEE F#X2 MBGHH &M,
=& ULO0IHY HZa =& 0t0I220I16He 2018 e IJtXAH &
Ct.(Figure 5.)
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Figure 5. Coventional treatment to obtain nanocellulose
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S0 M gEe AN 2N, stEA, MEstN 2 50| UCH (Figure 6.)
SN0 gPilE ds) 22 LACZ 010|132 IBY PXE EMote 1
oI YA (Grinder)[16,17], DNE2CE RUME EH =0 S=56t= &= 0l
ot DRt A (Microfludizer)[18,19], 122 RME EH H2 2
=L £ 0Olgcte DL EYA(High pressure

homogenizer)[20], WXt H&o| &0 LACZE RIME SHAFH 5= &
£ 0/18st SME=24(Ageous counter Collision)0l UCH.[21,22] HEZ L

A9l GIOIEZEAIJIE TEMPO(2,2,6,6-Tetramethylpiper i

o

inyloxy) 0|Z5st0

ASHAIZCZN U OIBE REX=E YelAldle atetd 230l UCH [23,24]
MESSIMOl HHOZ= MOIRUE 84 EIA IIEY PAXE
E222AM ULstAIIl= &80l S MzEE U

HE2A= ULs HIStLIS Lt otsl= &

o
SOt EetkH, Q2 QI8 CHekst

Physical
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Figure 6. Fabrication methods of nanocellulose
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Young’ S modulus
)2 Dot L. [26]
MEE LHEAdEzZA

FM)2 2 Young s modulus 145.2431.
0ldst = JIHE =242 JI=0 01851

=
CHAE

EQA9 =SHE

167.5Gpa(cellulose I),

2009%  |wamoto AE0UIA
st JtY=  Atomic force
3 GPa E0GHRUCEH. [27]

Uz SELTH 23 s

A IR E40 M0l

o 23z 01&5dt= A+t

Table 1. Properties of nanocellulose and serveral reinforcement material[28]

Material plg cm? ar (GPa) E. (GPa) Er (GPa)
Kevlar-49 fiber 1.4 3.5 124-130 2.5
Carbon fiber 1.8 1.5-5.5 150-500 -
Steel Wire 7.8 41 210 -
Carbon

- 11-63 270-950 0.8-30
Nanotube
Boron

- 2-8 250-360 -
nanowhiskers
Crystalline

1.6 7.5-7.7 110-220 10-50
Cellulose
Nanocellulose 1.6 ~10 ~150

p = density, gr = tensile strength, E4 = elastic

E; = elastic modulus in transverse direction

modulus in axial direction
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AN AHZE 248 J|HE 24 2 0O Ol ¥2 € HE=s, =2 JIA
Aed SOl EHOZ 2ol 2I& HiE 2 22lY, AIE ZTXHX, = Hile ZH
S0l 22510 ACH (Figure 7.)
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Figure 7. Application of nanocellulose [29,30,31]
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I.” 2II- Al S

o =2 0O

H1&E AlE € Al

LIS E22A (nanofibrilled cellulose(CNF))E HMIZodHD| |8t |2 At
2& HAE=2A= CNNT(Korea) A 32 22 UHLSREIZE AIEotRUACH. =
= M EXNZ2RH 208 3% SF+E 0180t LEZLLAE ol ¥
SIAGIACH. UWHEZ2A HX0 HE Lisst HssS 2EoH)| |18t I

o om

ok yrany! acetate= EMS(USA)AISl HIES Aot &l o]
O A== HE=HA D2 X2 PLA(Poly Latic Acid)= RND Korea(Korea) il A
FUGIUCH. SHZ2ZH AtE2E Z0HQ! Chloroform(=99%), Acetone(above

99.5%)2 Sigma-aldrichl (USA)AtSl MIZ S T otALCEH.
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H2ZE &8

LItdEZA M

i

2.1.1 Jdcholdedg= 018

=

A= HUHS ZZ(bamboo pulp)E with sE2 =22HS MXoIHCH. 1

2tRI G (Super Masscol loidaer, Masuko Sangyo Co., Ltd., Japan)E 0|2
UL-RE22AE  HZXOIRUCH (Figure 8.) OUREIZ  1wth 2=BHS
1500rpmOlM 23 M2 1.0 ampereZ2 S0t LI-3IE &SI UCH. O
222 ZEE2 Soll ME BEUA HISE amerperE | XIGHACH. RS 3

2 ABE MFSH LH-MER22A9 EALTILN OI25IUCH. T2t
X2 Table 2.2 2Lt

Table 2. Experimental conditions of grinder method

Material 1wt% Bamboo pulp
Grinder speed 1500rpm
Ampere 1A
Process cycle 10, 20 pass
— 10 —
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Figure 8. Optical photographs of (a) grinder equipment and b) stone
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Table 3. Experimental conditions of ACC method

Material 1wt% Bamboo pulp
Nozzle size 160um
Pressure 1600 bar
Process cycle 10, 20 pass
— 12 —
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b Sample
tank
a) ) J-
-
w = Plunger
el R
— : -
-
9 ¥ | Eeresesmamoes 20 Lhielt

Figure 9. Optical photographs(a) and schematic description for principle(b)

of ACC equipment
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223 LI-EEEA E53}

Figure 10.1t 20| ZJerold, s
(NFC)E 0.05wt%= SIMGIACH. Lt
O Mebrane filter(pore size:0.2um)& 2o

= 5 &2 Mebrane fibler2 22 ZEIHON drum dryer

Ch. X8 UC-AEZQATLES(HY 80g/m)E A=

22
a
@
2
x> [
Y C
M
N
8
HU
AN )
o>

3 1
ol
<)
[w

1) 0.05wt% NFC
aqueous solution 2) filtration 3) Dry120°C

Figure 10. Description for fabrication procedure of NFC film
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2.2.4 EXEHE St

ron

PLA/LICREZRA L =

Figure 11.10t 250 PLA(15g) L= Aceton(180mL), Chloroform(20mL)
S0l 55T=Z 6AI2tSCH WBIGIRICH. XU =24&tE ULHEZLAE
Aceton/Chloroform S0HUl =0tA= PLAZ ZHSGIH ULLEZLA =8
g JAMZEe L M M2 Soll OtME=LZ S0 XISGtACH. 0l=F
0,1,3,5 wt% &0l et OLMIE 00 2&tE LA EZ22AE PLADL =

ron
0H1

OtU= S0 EE0otH 55C=Z 6AI2t=Ct WEHo A LY.
A9 Z0HE HHotIl AHM 220 A 60C=Z 8

ASEZAT Z4tEl PLA 22 S MIZoHRICH

LEdE222A01 0,1,3,56 wt%e Z&E PLA 222 A28 HF 0.2m 2=
2EI|0l S50 180~190C 2 2 HRANAM HAI2Y &&E S =35t
RUCH. LEE AEH2 Iifl2 TIEHEHZ MZoIUCH. M= TISHES
PLA/LI=AE22A =&H= Heating press= 026l PLA/LUEEAEZ2A

2 180~190C HR0AM &

HotH2M, 25Mpa & 58
21 & 2= Z2C0AM ABEE IHHWO! MZESHACH. (Figure 12.)
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NFC
Solvent
exchange,
g powder Extr sion PLANFC
. 55°C Pellet
Aceton 180g 6h
Chloroform 20g Stirred Stirred

Figure 11. Description for fabrication procedure of PLA/NFC pellet

180 °C / 20Mpa
5 min
heating

PLA/

wt% S 3wt%

Figure 12. Hot plate machine used heat the mold
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M3E S4 =4
2.3.1 0IM7Z 24

HZEE ULds

A, PLA/UEHEEZ2A9

A TEM (Transmission Electron Microscope, Tecnai G2, FEI,

OIM*ZE 2Z05tJ] 2ol

USA)E AtE3t

UCH. LI-AEZ22A9 TEM M4E =HI®S drop and dry 2EHO=Z, 0.01%
LUL-AEZ2A X2 Jt220| ZEE Cu d2l=(Ted pella, USA)OI &
AGIRCH, DEZAel AEZLAS BEUAEES 206t ®IoH 2% uranyl
acetate =E22MUS 0/|Sot SHGMEt = LHLAEZLA9| OIM & £
H2 ZEOIUCH PLA/ULCAEZ22A =& TEeM MEZ =Hlot)| 2ol

Ultra-microtome(PT-PC Power,
Cu Jdel=(Ted pella, USA)OI =cd 2ZoHLCH.

o=
=25,

Aot Jt==%0l 2E=
et MzEEl UHEdE22A

2&ot)|l ol Az

Scanning Electron Microscope, Verios,

ot AL,

MZEE PLA/ULEEZR
CE ZHOH| <o 3XH& X-ray HIIHL
XRadia XRM, Zeiss, Germany)Z Ol &0otRULt.
1S Jt25610 AHIOIXI0 =8l =
L2TENHE 0I23tH

SElE SEM AlH
Ol0lXIE ORS Visual
QAUCH.
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2.3.2 283+x ¥ 28 24

HZE ULdEzeA TES BIIXE A6 fohA XRD(X-
diffraction, Smartlab, Rigaku, Japan)Z OI&3dt0 10~50°MtXl B AUEE
ZHGHALT.

HNEE UHLHAERLA//PLA ST S8 &4
DSC(Q10, TA, USA)E 0I&dt0 =2
S22 =HOIRUCH. 2o 0lE2 HHGHI| fIoHM 0=UHAM & 522 R

XIGHACEH. OI=, 5C/min 30CUMNSH 250CEMNX 22 =HGHRULE.

=2
=2= [=)
Mottt ReldoI2:, 82, 283

o
H

2.3.3 JIAHH =4

HNEE ULAERRAZE, PLA/UEAEZA SEMS JIHA 2
ZOtotl oA UTM(UTM 5567A, instron, USA) OIZ3otH =4&GHRUC.
3 Jt2 0.5 mm, A2 2.5mm, PLA/LL=EEZ222A S 2 ASTM
0638110l 21 HGHH Z=HIE MZS 5 mm/min22 =FGHALE.

o ox
mio

e
1o
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3.1.1 TeM =4
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Figure 13. TEM images of (a) G-NFC(10), (b) G-NFC(20), (c) A-NFC(10),
(d) A-NFC(20)
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Figure 14. Average diameter of NFCs
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3.1.1 SEeM =4
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Figure 15. SEM images observed on the surface of (a) Raw, (b)
G-NFC(10), (c) G-NFC(20), (d) A-NFC(10), (e) A-NFC(20)
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3.1.3 XRD =4

Figure 16.0IlA Jeteldetn SASsHE s3E0 e 223
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A HdEZ2A || FAx=Z 14.9°(101), 16.5°(110), 20.5°(012),
22.7°(200)2 SIETEIOl LIEHHCH. [34,35] Figure 16.0A=s 2 S8
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Figure 16. XRD patterns of raw material and NFCs

Table 4. Crystallinity of raw material and NFCs

Sample Crystallinity(%)
Raw 83.2
G-NFC(10) 70
G-NFC(20) 68.6
A-NFC(10) 66.3
A-NFC(20) 65
— o5 —
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3.1.4 JIHA =4
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N2z At=EC [36,37]

_26_

Collection @ chosun



Jin Seong Lim — M.S thesis

Chosun_University, Department of Carborn materials

949

0] a
-
50 -
29
48_
39
29
149+
Ll

G-NFC G-NFC A-NFC A-NFC
Raw {16} {20) 1% {20}

Tensile Strength (MPa)

858 o

)

?1 il

G-NFC G-NFC A-NFC A-NFC
10pass 20pass 10pass 2Z0pass

74
5
5
4
2
4
2

G-NFC G-NFC A-NFC A-NFC
{16} {209 {10} {26}

Young's Modulus{MPa)

iy
il

£
1

Raw

longation(%s)

K
]
1

Figure 17. The variation of (a) tensile strength and (b) Youngs modulus

and (c) elongation of raw material and NFCs
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Table 5. Mechanical properties of raw material and NFCs

Tensile strength Elongation Modulus
(MPa) (%) (MPa)

Raw 48.77+1.53 5.96+0.93 2322.05+387.76
G-NFC(10) 53.916+1.32 6.75+1.31 2333.8+412.72
G-NFC(20) 83.03+0.7 5.95+1.03 5691.68+341.49
A-NFC(10) 61.81+2.79 5.34+1.81 3495.66+1338.32
A-NFC(20) 78.191+4.62 6.16+2.57 3957.46+1346.62
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Figure 18. SEM images observed on the surface of (a) PLA, (b) PLA/NFC
1wt%, (c) PLA/NFC 3wt%, (d) PLA/NFC 5wt%
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Figure 19. XRM images of (a) PLA/NFC 1wt%, (b) PLA/NFC 3wt%, (c)

PLA/NFC 5wt%
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3.1.3 TeM =4
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Figure 20. (a) TEM image and (b) High resolution image of PLA/NFC

3wt%
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3.1.4 0SC &4
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2 £ QUL ULHEZ A bwth EItE S B (PLA/NFC 5wt%)
= Raw &8=0l dloHl T,gt0l & 4TIt Sotole s =2 & = UJULH. 0l
2ist 2l HEZAI PLA DEXS #HMHH HE = A2z J|

, To 2% peakT &0 WOt =O0FAl =
HE2QAQ PLA DEXS HSA S
A

_35_

Collection @ chosun

SEH0 WS 0K 2R

stol g & AN
21y 45NE
JlQl STt



Jin Seong Lim — M.S thesis

Chosun_University, Department of Carbon materials

PLAINFC 1wt

=

11
PLANFC 3wr 624 °C ! Ti

1]
1]
] H
] H
’)\/———/L
I} 632 ;

PLAMNFC 5wl'{1l

Heat flow (a.u.)

T T T

40 60 80 100 120 140
o

Temperature (" C)

T T
160 180 200

Figure 21. DSC thermogram of PLA/NFC composite with NFC contents
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3.2.5 JIHA 24 &4
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Figure 22. The variation of (a) tensile strength and (b) elongation of

PLA/NFC composite as a function of NFC contents
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Table 6. Mechanical properties of PLA/NFC composite with

NFC contents

Tensile strength Elongation
(MPa) (%)
PLA 47.21+3.65 4.37+0.54
PLA/NFC 1wt% 57.91+1.29 5.11+0.96
PLA/NFC 3wt% 63.67+1.63 4.52+0.13
PLA/NFC 5wt% 57.76+1.61 4.08+0.31
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