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Schematic illustration of the

electrospraying process
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Fig. 2 SEM images of regenerated cellulose

microspheres: (a) single microsphere and (b) porous

surface structure
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Fig. 3 FTIR spectra of natural cellulose (a) and

regenerated cellulose microspheres (b)
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Fig. 4 XRD pattens of regenerated cellulose microspheres

(a) and natural cellulose (b)
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Fig. 5 Schematic illustration of stresses and

forces on the cone-jet liquid jet

i LI 27 R RO AL AR B R ) R TR
R E, 0 00 T4 TR 4 T B 3R A (e
6) , bl 5 T A W B s A TR s OB BB T U
. AN IR b OB A2 R D B PE LT g
AR, WBOAE 1 i A 2 T 7K D B A R WO T R
3 S5 K, 95 H 5 R WA B 2R T8 G R IR e TH
TR 5 0 S T WA 4 R ER T, JF LK W0 3 A 3k —
PR IR RE. BT 4 T L 55 vk )
A AR 10 1 2 2T 4 R ORI, ) DU
TR ELAT W4 K B AN 2] 1

V O
B P “&"O
O 0 O O

Fig. 6 Schematic illustration of droplet breakup
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Photographs of representative cellulose microspheres: (a) sample My, and (b) sample M,
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Table 1 Physical properties of cellulose microspheres
Sample DP c n (mPa-s) V (kV) Q (pL/min) L (em) Shape D (pm) CV (%)
My, 500 3% 321 0 10 15 Sphere 2503 6.6
Mys 500 3% 321 5 10 15 Sphere 1156 11.0
My, 500 3% 321 10 10 15 Sphere 885 11.4
Mys 500 3% 321 15 10 15 Sphere 734 19.1
Moo 361 2% 65 10 10 15 Sphere 237 21.7
Mz 361 2% 65 10 20 15 Sphere, ellipsoid 322 17.1
M30 361 2% 65 10 30 15 Sphere, irregular-sphere 371 16.1
M40 361 2% 65 10 40 15 Irregular-sphere , wedge 400 16.2
My 361 2% 65 10 10 10 Sphere, ellipsoid 222 29.0
Mp,s 361 2% 65 10 10 15 Sphere 237 21.7
My, 361 2% 65 10 10 20 Wedge, tear 304 31.5
M5 361 2% 65 10 10 25 Wedge, tear, irregular-sphere 308 48.7
Mg s 500 0.5% 6.2 10 10 15 Strip — —
M, 500 1% 12 10 10 15 Tear, ellipsoid, wedge 152 17.8
Mg, 500 2% 115 10 10 15 Sphere 821 12.3
Mg, 500 3% 195 10 10 15 Sphere 885 11.4
My, 404 2% 84 10 10 15 Sphere 561 18.7
M5 361 2% 65 10 10 15 Sphere 237 21.7
My, 238 2% 32 10 10 15 Sphere, wedge 171 34.8
My, 151 2% 12 10 10 15 Strip — —

DP for degree of polymerization; ¢ for concentration; n for solution viscosity; V for voltage; Q for flow rate; L for length; D for diameter; CV for

coefficient of variation. My where X is voltage; M,y where Y is flow rate; M, where Z is distance; M, where A is cellulose concentration; My,

where B is degree of polymerization
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Fig. 8 Photographs of cellulose microspheres from different solvent systems: (a) My., (b) Mo, (¢) Mg, (d) Mg and (e) Mg,

Table 2 Physical properties of microspheres from different solvent
systems
L Miic M, Mes M
o (mN/m) 20.5 36.6 72.7 29.2 45.8
K (ms/cm)  0.045 3.41 372 356 368
R (pm) 2 21 237 185 133

o for surface tension; K for solution conductivity; R for diameter;
My for ethyl cellulose microspheres; M., for cellulose microspheres
prepared from LiCl/DMAc system; M. for cellulose microspheres
prepared from NaOH/Urea system; Mg and Mg, for cellulose
microspheres prepared from NaOH/Urea system mixed with surfactant

and PVA respectively.
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Fig. 9 Photographs of microspheres from cellulose solutions with different concentrations: (a) My, s, (b) My, (¢) Mg, and (d) Mg

/
4
. 2 |
r /1 300um
=
,_/L/\ &
/
1
\
\ =
| - N
& 7 . " 300 um

"\f

\/—\\__:
\\/" ‘ = ;
b SURpm
,/—_‘\
A
. W 300 um

Fig. 10 Photographs of microspheres from cellulose solutions with different DP: (a) My,, (b) My;, (¢) My, and (d) My,
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Fig. 11  The linear relationship of flow rate and average

diameter of microspheres
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Preparation and Influencing Factors of Natural Cellulose

Microspheres via Electrospray

Jun Gu, Guan-cheng Zhou, Wei-bing Wu " , Mu-rong Gong, Hong-qi Dai
( Jiangsu Provincial Key Laboratory of Pulp & Paper Science & Technology, Nanjing Forestry University, Nanjing 210037)

Abstract Regenerated cellulose microspheres were prepared by means of electrospraying technology from
environmental-friendly NaOH/urea aqueous system. The effects of processing parameters including surface
tension, electrostatic force,solution viscosity and flow rate on the morphology and size of cellulose microspheres
were investigated. The properties of microspheres were characterized by SEM , FTIR and XRD. The results
indicate that microspheres with small particle size were prepared from cellulose solutions with low value of
surface tension. The particle size is related to the homogeneity of solution and the volatility of solvent system.
There is an obvious decrease in the particle size with an increase in the electrostatic force ,while the particle
size increases with increasing flow rate. The shape of microspheres depends on solution viscosity significantly.
With decreasing solution viscosity, the shape of particles may change from sphere to wedge and even strip.
Meanwhile , the particle size decreases and size distribution increases. In addition , the regenerated cellulose
microspheres have good porosity. The molecular structure of cellulose remains but the crystal structure changes
from cellulose I into cellulose II in the process of dissolving and regenerating.

Keywords Electrospray, NaOH/urea aqueous system, Cellulose microspheres, Surface tension,

Electrostatic force, Solution viscosity
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