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Table 1. Properties of the different types of CNMs

CNM type UCNF CMCNF QCNF CNC
Carboxy- e Sulfonic
Pretreatment No Methylation Quaternization acid hydrolysis
Average width 205 74 49 34
(nm)
Aspect ratio 125 243 242 24
lonic content ) 770 450 253
(umol/g)
Zeta potential
(mV) -29.2 -33.8 477 -48.7
OH OCH,COONa
o OH o
© g HO ° ol
OH n
OH OCH,COONa n
UCNF CMCNF
HsC
“ClH,C—N* _O\ o
3 \\\<OH /S/
CHs o” \

O

HO HO o
0 o HO
OH
O,

>/\N+/CH3

HO H3C/ \CHgCI'

Fig. 7. Chemical structure of different types of CNMs.
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(@) UCNF (b)

Fig. 9. Appearance of ASA emulsion stabilized by UCNF suspension at
different consistencies: (a) Immediately after emulsification and (b) after 3h

standing.

Fig. 10. Photograph of ASA emulsion stabilized by UCNF suspension with
different consistencies: (a) 0.2 %, (b) 0.6 % and (c) 1.0 %.
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Upper

Middle

Lower

Fig. 11. Optical microscopic image of different layers of ASA emulsion

stabilized by 0.2 % UCNF after 3 h storage.

27



Fig. 12= CMCNF #geeo] =5 Zefsi ASA odd&
Az 2o} 48417k At H o] BF
132 EAS 2% AEUAe] &4 wol #EF Axjo|r)
CMCNF I3 UCNF9} mlzi7lxz dealo] 17}l ol
whel olHAMe] Akl dEpxlch tiuk A e odEAE
271 A= UCNFET 4 o w2 %< 0
TR g et gy dEde Fxrb wmobfle  uhE)
A= b = F43H HE=7t Fobxrh

aEy UCNFSE &g Alzke]l Ao wegp A Fo=
A7 douAE st sE7F 0.2% olstE BE wE

FHEO] wokn ZoE Feol o Eekth

Table 1o #IAE upe} 7Fo] CMCNFE UCNFO| Hl&] %o
o Fi F87F Z7] "ol CMCNE7F UCNFel wl&) o
21o A Ao AMHE | o] x3sla Qrul. I CMCNFE=

He mENgs geled A8y Wi R 53 5ol

AR} ofd FHolAE Ao WML FAHAL FEel7t
Sasle g A7l =

2 2
wobgel meh UMY Fo fFo W Hie AFE 1



i
=

)

—_
o

%
R

+
gl

el
K

)

=

7

o]

7

ol

T

o 8}

a
I

T

-

A S

29



@ CMCNF ®)

Fig. 12. Appearance of ASA emulsion stabilized by CMCNF suspension with
different consistency: (a) Immediately after emulsification and (b) after 48 h

standing.

Fig. 13. Photograph of ASA emulsion stabilized by CMCNF suspension with

different consistency
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Not diluted Diluted

0.1%

0.2%

0.6 %

1.0%

Fig. 14. Optical microscopic image of ASA emulsion stabilized by
CMCNF suspension with different consistency: Original emulsion (left)

and diluted emulsion (right).
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After 1 day

Fig. 15. Photograph of ASA emulsion stabilized with different consistency
of QCNF suspension: (a) 0.1%, (b) 0.2%, (c) 0.4%, (d) 0.6%, (e) 0.8%, (f)
1.0%.
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Fig. 16. Photograph of diluted ASA emulsion stabilized by QCNF

suspension.

Fig. 17. Optical microscopic images of ASA emulsion stabilized by QCNF

suspension.
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Foz. Y o4 I 0.6% ' 0.8% l 1.0% I
g 5 — - 9
st Apeys T e 8T et on

(a) CNC (b)

Fig. 18. Appearance of ASA emulsion stabilized by CNC suspension with
different consistency: (a) Immediately after emulsification and (b) after 3 h

standing.

Fig. 19. Optical microscopic image of different layers of ASA emulsion

stabilized by CNC suspension.
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Table 2. Summary of emulsification results by CNM types and its consistency

condition
Consistency CNM types
of suspension | UCNF CMCNF  CNC QCNF
0.1 % O © O A
0.2% (0] A (0] X
0.4 % O X A X
0.6 % X X A X
0.8 % X X A X
1.0 % X X A X

O: Well-formed emulsion with good stability
A : Well-formed but poor stability

X: Poor emulsification.
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Concentration of CNM suspension, %

Fig. 20. Brookfield viscosity of three types of CNM suspension with

different concentration.
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4.3. CNM3} ASA 2d9] &3 u|&9 43¢
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Fig. 21. Scheme of ASA emulsification conditions with different volume

ratios between CNM suspension and ASA oil.
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Volume ratio of CNM suspension : ASA oil
[ 7o [ 75 | 80 | es | o0 | o5 [aowF[ 70 [ 75 | 80 | 85 | o0 | 5 |
30 25 20 15 10 5 ASA 30 20 15 10 5

25

() T ] (b)

n-nnnnmnnnn
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T, e T,

(c) (d)

n-nnnum-nmnm

[ 70 | 75 [ o0 | o5 | o0 | o5 | cmone J7o [ 75 | o0 ] 65 | o0 | o5 ]
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30 25 20 15 10 5 ASA

(9)

Fig. 22. Appearance of ASA emulsion stabilized by four types of CNM with

different volume ratios.
(a, b) QCNF: 0 h and after 1 day; (c, d) CNC: 0 h and after 3 days.

(e, ) UCNF: 0 h and after 2 days; (g, h) CMCNF: 0 h and after 7 days.
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Fig. 23. Optical microscopic images of ASA emulsion stabilized by CNM

Scale bar = 50 pm

suspension with different volume ratios.
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Fig. 24. Scheme of ASA emulsion droplets stabilized with different types
of CNM.
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Abstract

Preparation and characterization of ASA Emulsion

Stabilized by Cellulose Nanomaterials
Jinseung Kim
Program in Environmental Materials Science
Department of Agriculture, Forestry and Bioresources
The Graduate School

Seoul National University

Alkenyl succinic anhydride (ASA) is a typical neutral sizing agent primarily
used to impart water resistance in the papermaking process. Being highly
reactive, ASA must be subjected to emulsification just before in use to prevent
its hydrolysis. Cationic polyelectrolytes are generally used as emulsifiers for
this purpose. Recently, cellulose nanomaterials (CNMs) have been reported to
hold promise as emulsion stabilizers due to the Pickering stabilization
mechanism. In this paper, the influence of CNM on the emulsification of ASA
was investigated.

The effects of the type of CNM, consistency of the CNM suspension, and
volume ratio of ASA oil and CNM suspension on the stabilization of the
emulsion were evaluated. Four types of CNM were used: untreated cellulose
nanofibril (UCNF) prepared by grinding without any pretreatment,
carboxymethylated CNF (CMCNF), quaternized CNF (QCNF) with cationic
charge, and cellulose nanocrystals (CNC). The mean diameter, ionic content,
zeta potential and aspect ratio of the CNM were measured. UCNF has the
thickest width at 20.5 nm and the lowest zeta potential at -29.2 mV. CMCNF
and QCNF have narrow widths of 7.2 nm and 4.9 nm, respectively, and have a
high aspect ratio at 242. CNC has the lowest aspect ratio at 24.

Among these, CMCNF showed the best ASA emulsion stabilization ability
because of its narrow width, high aspect ratio, and high zeta potential. However,
the high viscosity of the CMCNF suspension limited the stabilization of
emulsion at high consistency. The optimal volume ratio between the CMCNF
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suspension and ASA oil was determined to be 95:5, and the consistency of
suspension was 0.1 %. When a drop of CMCNF-stabilized ASA was placed on
a filter paper, it formed a contact angle of > 120°, indicating a superior
hydrophobization effect. Therefore, the results showed the applicability of
CNM as ASA emulsion stabilizer.

Keywords: Cellulose nanomaterials, Pickering stabilization, Alkenyl

succinic anhydride, Emulsion stability, Hydrophobization.
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