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ABSTRACT

Cellulose acetate (DS = 2.3) was prepared by reactiicrofibrillated cellulose (MFC)
with acetic anhydride using N-bromosuccinimide asagalyst. The reaction was conducted
using dimethyl sulfoxide as the solvent at°@0for 120 minutes. Chemical structure of product
was determined by IR'H-NMR and **C-NMR. The phase structure and the degree of
crystallinity of the sample was deduced from thevgher X-ray diffraction (PXRD). The thermal
stability was investigated by thermal gravimetni@alysis (TGA). The results showed that MFC
acetate had characteristic of cellulose type Icstire with the degree of crystallinity of 50.45 %
and the decomposition of the sample took plackérteémperature range of 240 — 420

Keywords: microfibrillated cellulose  (MFC), microfibrillated cellulose acetate,
N-bromosuccinimide (NBS), acetylation.

1. INTRODUCTION

Microfibrillated cellulose (MFC) is formed in plantells during growth and
development of plants. It has salient advantaged) as high mechanical strength, low density,
natural renewable resources, biodegradability, Isreale and high specific surface area.
Therefore, microfibrillated cellulose has been usedeinforce for polymer nanocomposites,
manufacture papers and specific hard covers, migkeduality diaphragms for speakers, or thin
films in electronics technologies. Besides, MFC h#&s been used in food, cosmetics and
medical products [1 - 2]. However, MFC has poladroxyl groups which decrease its solubility
in nonpolar solvents and also cause poor compgtibilith hydrophobic substrate polymers.
Recently, there have been some studies of chesickce modification of MFC with different
agents, such as acetic anhydride, isopropyl dinhgtlgrosilane, maleic anhydride, N-octadecyl
isocyanate.., in which the hydroxyl groups areaeetl by less polarized groups [3 - 9]. In our
previous paper [10], we produced MFC from Lung fedstes (Lung belongs to the bamboo
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family, which grows a lot in the western area ajh An) and characterized some of their
characteristic properties. In this paper, we regiatresults of the acetylation of MFC including
chemical structure, crystallinity and thermal glisbdf the resulting polymer.

2. EXPERIMENTS AND METHODS
2.1. Materials

- Lung foil wastes were collected at Duc Phong pany located in Nghi Phu, Vinh City
Nghe An.

- MFC (the diameter is 4 - pm) were produced from Lung foil wastes accordinght®
procedure published in [10].

- Acetic anhydride, N-bromosuccinimide (NBS), dimdt sulfoxide (DMSO) were
purchaseed from Merk company (Gemany) and usegcas/ed.

2.2. Acetylation of microfibrillated cellulose

10 g of the MFC and 1.0 g of N-bromosuccinimide avpftaced into a 250 ml round
bottom flask containing 50 ml acetic anhydride 40@ ml DMSO while stirring. The mixture
was heated to 60 for 120 minutes. After the reaction occured caetedy, the MFC acetate was
precipitated in saturated NaCl agueous solutioroain temperature, washed to pH = 7 then
dried at 86C in the vaccum oven. The egree of substitution) (@3he product was determined
from the'H-NMR spectrum [9] using the following equation:

1
é (A1.87+ A 1.94+A 2.11

DS= 1
6(A3.39+A 3.66+A 3.82+A 4.06'-A 4.51-A 5)06

where, Ag;, Argsand A 14 are areas of proton peaks of three acetyl grolipss Asse Assz
Aso0 Asssand A os are areas of the C-H proton peaks of the anhydcogk unit.

2.3. Characterization methods

The chemical structure of the MFC and the MFC aeetms examined by IR spectroscopy
using a IMPACT 410 spectrometer at Institute of i@istry-Vietham Academy of Science and
Technology; '"H NMR and *C NMR spectra in BPDMSO were recorded on the NMR
spectrometers ADVANCE 125 MHz ADVANCE 500 MHz ofruker, respectively. The
crystallinity of the acetate sample was examinedPX¥RD method on D8-Advance X-ray
diffraction of Bruker company. The degree of crilsily was calculated based on the empirical
method proposed by Segal [11,12] as follows:

C - I200 - l non-cr loc
200
where: C is degree of crystallinity (%)d is intensity of peak maximum with anglé 2
between 22and 24, I,.n.c: is the peak intensity of the amorphous fraction.

Thermal stability of the polymer was examined bgrthogravimetric analysis and was
recorded on TGA/DTA Analyzer DTG 60H (Shimazdu, a&pat Hanoi Universty of Science-
Vietnam National Universty, at a heating rate of°Cdmin from room temperature to 86G
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under nitrogen gas.

3. RESULTS AND DISCUSSION

3.1. Chemical structure of the MFC acetate

. OH
H,C

NBS  _---7
—_
DMSO, 60C

HsCOC

o 3(CH,CO),0 + 3CHy;COOH

Cdlulose triacetate

The IR spectra of MFC and MFC actetate with DS3=de shown in Fig. 1a and Fig. 1b,
respectively. Those bands characteristic of cedkilcas found in the starting MFC, are also
found in MFC actetate, such as: C-H bending atL2€&", C-H stretch at 1454 ¢ C-O-C
stretch at 1060 cthand O-H stretch at 3300 - 3500 tnThis indicates that MFC acetate is still
having free OH groups. However, the O-H stretcthinlatter case is narrower, 3300 - 3500'cm
compared to 3200 - 3600 &nin the MFC, suggesting a partial acetyllationhedge OH groups.
Moreover, there are some other absorption bandsostipg the presence of the acetyl group,
such as the absoption at 1732'cand 1257 ci which are characteristic for C=0 stretch and
C-O stretch of ester group, respectively. And tB&3lcnt band could come from the methyl
group bending vibration mode. All these data in@idhe occurrence of the reaction bettween
MFC and acetic anhydride which partially convetisee free OH groups into acetate ester
groups.

0.075-] CePhl
] Abs ]
03] 5 0.06-]

003 Bl gy

! 0.015-] :
T T T T T T
4000 3750 330 350 3000 2750 200 2350 000 1750 1300 1350 1000 750 500 4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
Vem

@ (b)
Figure 1.Infrared spectra of MFC (Fig. 3.1a) and MFC aeetéfig. 3.1b).

Figure 2 shows tHel-NMR spectra of MFC acetate. The proton peaks assigned based
on the ref. [9]: H1 (3.39 ppm), H2 (4.54 ppm), HBOE ppm), H4 (3.66 ppm), H5 (3.82 ppm)
and H6 (4.00 ppm). In addition, new peaks at aro2impm indicating the presence of acetyl
group, which binds to C2 (1.94 ppm), C3 (1.87 pamjyl C6 (2.14 ppm) through the oxygen
atoms.
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Figure 2."H-NMR spectroscopy of microfibrillated celluloseetate (DS=2,3).
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Figure 3.°*C-NMR spectroscopy of microfibrillated cellulose§E2.3).

The ®C-NMR spectrum is shown in Figure 3 which includebaracteristic peaks of 6
cacbon atoms on cellulose: C1 (99.2 ppm), C2 (pprR), C3 (72.1 ppm), C4 (75.9 ppm), C5
(71.3 ppm) va C6 (62.1 ppm). In addition, there enaracteristic peaks of carbon atom on

acetyl group which replaces H of the OH group mgdio C2 atom (169.0 ppm), C3 (169.3 ppm)
and C6 (170.2 ppm).

The 'H and **C NMR spectra indicated that the esterificationctiea between the OH
groups of MFC and acetic anhydride took place anchéd the corresponding MFC acetate.

334



Axetylation of microfibrillated cellulose by reaction acetic anhydride with acetic anhydride.....

3.2. Thermal stability

The thermal stability of MFC acetate sample issiitated in Figure 4 which exhibits two
weight loss processes corresponding to 5.21 % dr#48%. The first process, 5.21 % weight
loss, taking place at around 18D is believed to be the evaporation of free watehe sample.
The second process is more significant, 64.24 %ghtdoss, and takes place from 24Dto
420 °C centering around 346C, which is believed to be corresponding to a cetepl
decomposition of the sample.
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Figure 4. TGA curve of microfibrillated cellulose acetate§> 2.3).

3.3. Powder X-ray diffraction analysis

The powder X-ray diffraction studies were conduaisthg a D8-Advance diffractometer at
Hanoi Universty of Science-Vietnam National UniwgrsHanoi. The powder X-ray patterns

were taken by using radiation source CY(Ky supplying 40 kV and 40 mA to X-ray generator
(Figure 5).

The degree of crystallinity of the MFC acetate siemis 50.45 %, while degree of
crystallinity of MFC that reported in [10] was 78.80. The acetylation might have decreased
the tendency of crystallization of MFC as the ressof replacing H bonding source (OH group)
by acetyl group.. The result of XRD analysis of MEB@mple was processed by X'Pert
HighScore Plus 3.0 program. The unit cell pararsetee a = 11.797907Ab = 2.776298A°,

c = 8.008372A° o =y = 90, p = 107.48. This was asserted that the MFC acetate is still
cellulose type I structures as reported in [10].
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Figure 5.PXRD pattern of MFC acetate (DS=2.3).

4. CONCLUCSION

MFC acetate was successfully prepared by the oraofiacetic anhydride with MFC using

N-bromosuccinimide as a catalyst at’60 Chemical structure of MFC acetate was examiryed b
infrared and'H-NMR, **C-NMR spectroscopies. The obtained data confirrhedotcurence of
the esterification reaction between hydroxyl groapsarbon atom number 2, 3 and 6 of MFC
and acetic anhydride formed MFC acetate.

MFC acetate decomposed strongly from 2@0to 420°C. It belongs to cellulose type |

structure with the degree of crystallinity calcethfrom PXRD data was 50.45 %.
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TOMTAT

AXETYL HOA VI SOI XENLULOZO BANG ANHYDRIT AXETIC VOI XUC TAC
N-BROMSUCXINIMIT

Lé buc Giand' ', Cao Xuan @ong', Ta Thi Phrong Ho&, Thach Thi Loc!

'Khoa Hoéa lac, Pai hoc Vinh, 182 Lé Dén, Tp. Vinh
*Trungtdm Polyme Compozibai hoc Bach khoa Ha i, 1 Pai Co Viét, Ha Nji

"Email: Leducgiang@gmail.com

Vi soi xenluloar axetat (DS = 2,3} duoc diéu ché bang phin tng aia vi i xenluloa tir

phoi ple thai caa cay Lungy Nghé An véi anhydrit axetic. Pin (g duoc thyc hign trong dung
moi dimetyl sunfoxit (DMSO) wi xUc tac N-bromsucxinimit (NBSy 60 °C trong 120 phat.

CAu

trdc hoa he cia vi o xenluloa axetatdugc xacdinh king phrong phap pb hdng ngai

va @ng hrong tir hat nhan'H va*3c, d¢ bén nhigt caa polymeduoc khao sét ling phrong phap
phan tich nhit trong lrong (TGA) va du tric tinh tié duoc khio sat ing prd X-ray. Cac Kt

qua nghién ¢u cho thy ring vi soi xenlulozy axetat cafic trung ciu tric tinh ti xenlulozy | véi

do tinh thé tinh duoc theo plb nhidu xa Ron-ghen dng byt (PXRD) la 50,45 % vaitphan iy

manh trong khang nhiét do 240 — 420C.

Tur khéa:vi spi xenluloz, vi spi xenlulozr axetat, N-bromsucxinimit (NBS), axetyl hoa.
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