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Spray Drying of Lignocellulose Nanofibril (LCNF) and
Characterization of Spray-dried LCNF'

Chan-Woo Park® - Song-Yi Han’ - Seung-Hwan Lee*'
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ABSTRACT

In this study, the effect of spray-drying conditions and surfactant addition on the spray-drying yield, morphological
characterization, size distribution and re-dispersity in water of spray-dried lignocellulose nanofibril (LCNF) were
investigated. The freeze-dried LCNF after solvent exchange had linear fiber morphology with a diameter of 70-300 nm,
and the spray-dried LCNF showed rod-like particle morphology. The spray-drying yield and particle size of spary-dried
LCNF at 140C was highest and smallest, respectively. As LCNF concentration and blowing rate decreased and
increased, respectively, the spray-drying yield and particle size were increased. The highest spray-drying yield was
found at distearyl dimethyl ammonium chloride (DDAC) addition of 10 phr at 140°C. As the particle size decreased
and the DDAC content increased, filtration time of spray-dried LCNF in water was decreased and increased,
respectively.
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Azgt &, 541 fA3Y(wet disk-milling, WDM,
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Yield of spray— drying (%) = % X100 - A1(1)

Wo : Solid weight of LCNF
Ws : Solid weight of spray—dried LCNF
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Table 1. Effect of spray-drying condition on yield of spray-drying

Inlet temperature LCNF concentration

Blowing rate

DDAC content Yield of spray-drying

() (Wi%) (m/min) (phr) (%)
130 0.50 0.55 - 34.14
140 0.50 0.55 - 38.40
150 0.50 0.55 - 27.41
140 0.50 0.55 - 38.40
140 0.75 0.55 - 29.43
140 1.00 0.55 - 26.80
140 0.50 0.50 - 33.30
140 0.50 0.55 - 38.40
140 0.50 0.60 - 39.59
140 0.50 0.55 - 38.40
140 0.50 0.55 10 40.80
140 0.50 0.55 25 30.17
140 0.50 0.55 50 27.68

Sedimentation layer

Fig. 1. Sedimentation layer in LCNF suspension.
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Table 2. Effect of spray-drying condition on average size of spray-dried LCNF

Inlet temperature (°C)

LCNF concentration (wt%) Blowing rate (m’/min) DDAC content (phr)

Average size (um)

130 0.50 0.55 - 19.89 + 20.77
140 0.50 0.55 - 19.45 £ 15.08
150 0.50 0.55 - 22.15 £ 21.17
140 0.50 0.55 - 19.45 £ 15.08
140 0.75 0.55 - 18.89 + 13.40
140 1.00 0.55 - 17.89 + 9.87
140 0.50 0.50 - 18.57 £ 11.79
140 0.50 0.55 - 19.45 + 15.08
140 0.50 0.60 - 20.10 + 10.06
140 0.50 0.55 0 19.45 + 15.08
140 0.50 0.55 10 14.11 + 6.31
140 0.50 0.55 25 12.68 + 4.56
140 0.50 0.55 50 16.69 + 9.43
Freeze-dried LCNF without solvent exchange 4295 + 38.98

exclmn e, -
Q0K SEM) g

Fig. 2. SEM micrograms of freeze-dried LCNF after
solvent exchange and (left) and without solvent ex-
change (right).
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Table 3. Effect of spray-drying condition on specific surface area of spray-dried LCNF

Inlet temperature

LCNF concentration

Blowing rate

DDAC content Specific surface area

() (Wt%) (m’/min) (phr) (m’/g)
140 0.75 0.55 - 3.33
140 0.50 0.60 - 3.33
140 0.50 0.55 - 3.10
140 0.50 0.55 10 3.49
140 0.50 0.55 25 2.68
Freeze-dried LCNF after solvent exchange 373

Freeze-dried LCNF without solvent exchange 7.57

A %3000 L) B eon

SC. %3000

¥,

E %3000

Fig. 3. SEM micrograms of spray-dried LCNFs de-
pending on spray-drying condition. (A) Inlet temper-
ature (InT) 1307C, LCNF concentration 0.50 wt%,
Blowing rate 0.55 m*/min; (B) InT 140°C, LCNF con-
centration 0.50 wt%, Blowing rate 0.55 m*min; (C)
InT 1407C, LCNF concentration 0.75 wt%, Blowing
rate 0.55 m’/min; (D) InT 140°C, LCNF concentration
0.50 wt%, Blowing rate 0.60 m*/min; (E) InT 1407C,
LCNF concentration 0.50 wt%, Blowing rate 0.55
m*/min, DDAC content 10 phr; (F) InT 140°C, LCNF
concentration 0.50 wt%, Blowing rate 0.55 m®/min,
DDAC content 25 phr.

Temperature (°C) Concentration (wt%)
0.50
——075

130

——140

Frequency

1 10 100 1 10 100

Blowing rate (m*/min) . DDAC content (phr)

—0.50

Frequency

1 10 100 1 10 100
Diameter (nm) Diameter (nm)

Fig. 4. Effect of spray-drying condition on the par-
ticle size distribution of spray-dried LCNF.

Spray-dried LONF

— =Freeze dried LONF
without solvent change

Frequency

Diameter (nm)

Fig. 5. Particle size distribution of spray-dried LCNF
and freeze-dried LCNF without solvent exchange.
Note: Condition of spray-drying, InT 140C, LCNF
concentration 0.50 wt%, Blowing rate 0.55 m*/min.
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Fig. 6. Effect of spray-drying condition on sedimentation rate of spray-dried LCNF suspension over settling
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