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A BEmA FY P&POA EEWS

dried bleached mixed hardwood kraft pulp, BKP)S Al&3lom AH

T2 oF 06 mmeth Pz 39 HEZE AMESte] AEEes Uy
B 2 (cellulose nanofibrils, CNF), 7I25 A g P B

(carboxymethylated—-cellulose nanofibrils, CM-CNF), A543} AEZ 2

=3 2 2 (hydrophobised-cellulose nanofibrils, H-CNF)<2 #| %3} % t}.

T FE P&PAIA EFRE Mz g
pulp, UKP)E A}&3sle] gaxAEg=zZ9x

nanofibrils, LCNF)2 A %3} % t}.

3 3 (Unbleached kraft

U= 3] B H (lignocellulose

Fig. 1. Bleached kraft pulp(left) and unbleached kraft pulp(right).
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T = golyA

A A (Woodfree
o

T 9Xxe] 5L Table 13 %
= Ao Hegol} T HEZ T ARELE, 339 AL w
g =3 2 oujglo] 5 Zfolr A Ao 2 A

Table 1. Properties of linerboard and woodfree base paper

Linerboard Woodfree base paper
Basis weight, g/m® 180 = 1 215 £ 1
Density, g/cm? 0.79 0.81
PPS roughness, um 8.16 £ 0.16 9.31 = 0.18
Gurley air permeability, sec/100cc 404 £ 1.7 37.9 £ 0.6
Contact angle, ° 21.5 67.9
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32 A4 W

3.21 AEZ 22 Yx3 B H(Cellulose nanofibrils, CNF) A=
A

[>

m
=

a2kl (Super Masscolloider,
Masuko Sangyo Co., Ltd, Japan)E& A}&3slo] 12k d st tl. 1500 rpm

SRR 2E A Aol2E -80 mE dhe] AxsHATh

Fig. 2. Cellulose nanofibrils(CNF, left) and lingocellulose nanofibrils
(LCNF, right).
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(W) 7t25A e s CNF A=

Ft2BAME s Im 579 A& Faste] Was AT Isopropanol
(IPA)l NaOHE 3.68 mmol/g 2] NaOH7} tf =& wj7}x] wyHA|Z
ok NaOH7} tf oW vz x5 A7 40 g U F 35T A
303 WREAIH T ©] % chloroacetic acid(CA)E 0.9

6
65Col A 1A3F Ft WEEA AT, Wgo] 5d & TFFE AHESH

AHS AAedo olf7 ZtEEAMEs dAgd Hz= o 400

Fig. 3. Cellulose nanofibrils(CNF, left) and carboxymethylated-cellulose
nanofibrils (CM-CNF, right).
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(}) £43 CNF A=
AZZ o~ Yy d /jd shioz s Adst s AL&3t o
Zhang S9¢ d3& Hasle] WPt Methyltrimethoxysilane

(MTMS)& AH&sto] A7 Agste] AE2e s~ UreyBds 75

542 243 THT %QEOH 3 e M wWolwalw =olsly wubs]E

AbgEe] 5 EQF 500 rpm £E 2 WHHAZTH o2 A Alx® fHS

HC/

H C—O/

Fig. 4. Chemical structure of methyltrimethoxysilane (MTMS).
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4-side—applicatorE AF&3to] 7 Alo]ZE 100 - 800 mm= FZA 3t
Y FES 4 5 gm’ - 15 g/m® FEoE 2439tk CNF 2
LCNF =& A a8 w5+ 15%9 2" CM-CNF % H-CNF+= 1.0%

o g RS o]&ste] Lttt =¥ HFEv 70 mm/sec oW Az
]

H-CNF9 A g% #AZx7} oFbd Convection oven= AFg3le] 80T
oA oF 15 - 208 F AERAAT BF F =9 =ghe]o](100T)el 1
3 BYAA FERA o =FA FEHS AAAFHY. =FFEFS 105T

QoA oF 1A A2 & A FAS FAste] ALtksd
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324 =&A 9 &4 H7t
b +x4 54

CNF =¥ %o & F74 W¥HslE #7122 L&W micrometer(L&W
Co., Sweden)E A}&3}lo] TAPPI Test method T411el 2] A3ste] ¥ 7}3}

AT, wd wEAe] WL FAm ro] mEdd we mEAe 1

TR AAEFE+ TAPPI Test method ThH550] €A% PPS A
5= 2 Y71 Y Clamp pressurei= 1 MPa Z7 94 =434
el 3dH 2 dd H7FE flste] FE-SEM(SUPRA 55VP,
Germany)<S ARE3te] =y Ao #H W wHS BT =E )
mE 72H YAG 540 o2 CNFE E3sds e =34 aus
det ATt g Ao dHS #AFste] E3A] W =330 o
He = PAHEA B 7 AdAen EDSE AFEste] H-CNF =&
Al ARTHSH7E me A e g o
w3k TAPPI Test method T4609] ¢ Asle] Z=FAe] Ay FI7 =&
Akt 100 cco 37171 =& A o
dom de T o] =E&TE
B =

o me de FrE #e
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(W AAA 54

=R 9 AdAFEE ISO test method ISO 1924-20 2] A3sle] =A
ST A9 Ax ZAHZI(L&W Co., Sweden)E AFE3te] =-Fx]29] <l
cm, 229 A= 10 cm=

5)
4. 4 =39 2AUR 57 oo AT

Al A JuE st )
s z4stel PRge A 9F FEE FARGn
=3Ae #H Ade A SAHVIL&W Co.,, Sweden)E AF-E-3}o]

DIN 53121 standardell o] Aste] At o AAAS Eq. 13 2t

E¥AEZ 38 cm x b cmE AE FH 15° o2 u AlLEHE IS o] f

60 X FxI?

II<Xaxb Eq. [1]

Bending stiffness(mN * m) =

F : Bending force, N
1 : Bending length, mm

a - Bending angle,

b @ Sample width, mm
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A HAE ARt WESEA T 24403 B FES
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FE-SEM ©]"|#] ¢} Image pro program< Ab&3te] AEZ QA Uk

vrde] Hy £S5 =AU =A% 74 CNF #Hi & Table 2

AAetR o Hx FH 2 CNF B2 e wel golst £ 2y
1

2

rlr

CNF& Az 4 ok vxy dxz Az LONF7F 78 & 5

Aon steRAdst dAz <dste] CM-CNF7F 7Hd 22 &
Aok, FAHE CNFO 49 oF 46 nme] Hu & Aylon, vy
HEE A2 LONF= w43 aeedd Sleddels =738t o & %
< AYe Aoz e

Zt2 B8 AWM E 3 A3 CM-CNFe 4% 728247171 718k A
J2Ao] AAN a7 A3 wmddow & Zo CNF7F AxH
™ °F 15 nme %& AWt} Fig. 72 CNF9 CM-CNF9 EHF<
ez gttt FE-SEM o]u#x & %3] CM-CNF7}F CNFEtF IR
d #a 7d3t & AYE S B F vk A#sE Feke A
A7l H-CNF9] 4% FA7 CNFEt} ¢F 10 nm 2 &S A Wth
ol21gk CNF %] zto]= lste] Fo] 7|A 9 =& A ¥ 7AW A
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Table 2. Average width of cellulose nanofibrils and grinding pass number

Average width, nm 46 + 17 68 + 20 15+ 3 55 + 11

Grinding pass number 20 20 7 20

Fig. 7. FE-SEM image of CNF(left) and CM-CNF(right).
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10

Lignin content, %

UKP BKP

Fig. 8. Lignin content of UKP and BKP.
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Fig. 9. Water contact angle of CNF film and LCNF film.
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Fig. 10. Low shear viscosity of CNF suspension.
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Coat weight, g/m?
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® Linerboard © Woodfree base paper
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Fig. 12. Coat weight of CNF by rod coating.
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Fig. 13. Coat weight of CNF on linerboard(left) and woodfree base
paper(right) by triple coating.
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Fig. 14. Coat weight of various types of CNF on linerboard.
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Fig. 15. Coat weight of various types of CNF on woodfree base paper.
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Fig. 16. Thickness of linerboard(left) and woodfree base paper (right)
by CNF coating.
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Fig. 17. Density of linerboard(left) and woodfree base paper (right)
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Fig. 19. Surface images of CNF-coated linerboard.
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Fig. 20. Surface images of CNF-coated woodfree base paper.
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Fig. 21. Surface images of CNF-and CM-CNF-coated linerboard.
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Fig. 22. Surface images of CNF-and CM-CNF-coated woodfree base paper.
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Fig. 24. Cross section image by EDS(Si, left) and Si mass content(right).
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Table 3. Gurley air permeability of CNF and CM-CNF coated paper
(about 6 g/m? coat weight)

Gurley air permeability, sec/100cc Control CM-CNF

Woodfree base paper 38 822 70238

102593

102593

)
(

1000 -

500 -
141
g ] - - .

Contml CNF LCNF  H-CNF CM-CNF

Gurley air permeability, sec/100cc

Fig. 27. Gurley air permeability of coated linerboard
depending on CNF types (about 6 g/m? coat weight).
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Fig. 33. Images of linerboard after 10 seconds after pouring water

in Cobb test.
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Fig. 34. Images of linerboard after 10 seconds after pouring water

in Cobb test(CNF and CM-CNF coating).
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Abstract

Study on Barrier Properties of the Coated Paper

Depending on Characteristics of Cellulose Nanofibrils

Heetae Park

Program in Environmental Materials Science
Department of Forest Sciences

The Graduated School

Seoul National University

As the interest in bio—based materials and biodegradable materials
has increased in packaging fields, packaging materials are being
replaced by eco—friendly materials from petrochemical materials.
Among packaging materials, paper and paperboard, which are
biodegradable, recyclable, and environmentally—friendly, share the
second largest portion. However, they have disadvantages such as
poor  resistances to moisture and water vapor. Therefore, it is
necessary to overcome these disadvantages. In this study, it was
intented to overcome the disadvantages of packaging paper and to
improve the barrier properties by application of cellulose nanofibrils
(CNF), which is a biodegradable and environmentally-friendly material
as a barrier coating. The objective of this study is to develop a
packaging paper which has the barrier property through cellulose
nanofibrils coating by investigating the factors affecting the

coatability of CNF and the barrier properties of the CNF-coated paper
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with different characteristics of cellulose nanofibrils.

The CNF and lignocellulose nanofibrils (LCNF) were prepared
from bleached kraft pulp and unbleached kraft pulp using a grinder.
The carboxymethylated-CNF (CM-CNF) and hydrophobised-CNF
(H-CNF) were also prepared by carboxymethylation of and silylation
of CNF, respectively. The structural, mechanical and barrier properties
of the CNF-coated paper with different properties were investigated.
The coat weight was controlled using different gap size of the
applicator. Gurley air permeability, Cobb value, water vapor
transmission rate (WVTR), and oxygen transmission rate (OTR) of
the CNF-coated paper were evaluated as barrier properties.

Morphology, low shear viscosity and surface chemical properties of
CNF were different depending on the used pulp type and chemical
modification. The average width of CM-CNF was the smallest (about
15 nm) and the LCNF had the largest width (about 68 nm). The
CM-CNF suspension had the highest low shear viscosity, and
H-CNF had the highest water contact angle among the various type
of CNF used in this study. The coat weight was affected a little bit
by CNF types, which the coat weight of CM-CNF was lower
compared to others because of high low shear viscosity of the
suspension.

All kinds of CNF coating improved the barrier properties of the
paper, in particular, when the coat weight was increased. In addition,
the characteristics of CNF had influenced the properties of the coated
paper. The Gurley air permeability was reduced most greatly by
CM-CNF coating. The Cobb value was reduced to about 10 g/m’
when the coat weight was 10 g/m® and it means an excellent water
resistance. In particular, H-CNF had the most effective effect on the

reduction in Cobb value. By coating of CNF with about 10 g/m? the
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water vapor transmission rate (WVTR) decreased by up to 65% and
oxygen transmission rate (OTR) decreased by more than 90%. The
hydrophobicity of CNF was the most important factor for the barrier
to water, and the morphological property of CNF was the most
important factor for OTR and air permeability.

In this study, various barrier properties against air, water, water
vapor, and oxygen have been evaluated using different types of CNF
and coat weight. Consequently, the factors influencing barrier
properties of CNF-coated paper were determined and the optimum
coat weight to impart barrier property was proposed. These results
suggested that CNF can be used as an environmental-friendly barrier

coating material for paper—based packaging.
Keywords : Barrier coating, Barrier property, Cellulose

nanofibrils, Coatability, Coat weight, Packaging paper
Student number @ 2016-23476
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