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ABSTRACT

Gaseous acetylation of microcrystalline cellulos#CC) was carried out to modify its chemical
and physical properties and at the same time tesgmes the morphology of cellulose micro-
fibrils. Spectroscopic analysis of the samples walscative of the success of the reaction as
indicated by FT-IR andH-nmr studies. The chemically modified microcrystal cellulose
(MCC) were blended with high density polyethylddBRE) using novel solvents for dissolution
of polyethylene to obtain microcrystalline modifigalyethylene blends (MCCMPB). The blends
showed improved properties such as, flexibility,osthness, transparency, strength and
biodegradability which is indicative of hydrophoitycimprovement relative to non-modified
samples. Modification was important so as to braigput changes in attractive and repulsive
forces in cellulose in order to enhance surfacernattions between cellulose with high density
polyethylene based on the principle “like dissolliks”.

Keywords: Gaseous acetylation, microcrystalline cellulos€C®)J , High density polyethylene,
Hydrophobicity, Packaging materials.

INTRODUCTION

Cellulose is a biopolymer consisting of D-anhydtmglpyranose Monomeric units linked
together bypB1, 4-glycosidic covalent bonds in long chains, édkogether in bundles known as
microfibrils that can be easily cleaved by minea&ids. Native cellulose is composed of
amorphous and crystalline domains. Cellulose naystals are the crystalline portion of
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cellulose. The crystalline domains is highly oradkeend much more stable to acid hydrolysis
treatments compared to their amorphous counterfargs 3]. In recent years, there has been an
increasing interest from government and customersi@w materials from renewable and
sustainable resources that are biodegradable, eiwolgum based, carbon neutral, eco-friendly
ways to modify such materials, and have low anifmahd or human health and safety risks.
Native cellulose based materials (wood, hemp, ootioen, etc.) have been used as construction
materials [4, 5]. Lignocellulosic biomass resourpesvide a key materials platform for the
sustainable production of renewable, recyclable, amvironmentally-preferable raw materials
for producing goods and products for societal needke twenty first century. Wood, is made
up of cellulose nanofibers that are extremely grdras the potentials to replace non-sustainable
materials such as plastics and metals. Isolatiomawfo-dimensional cellulose and its use in
nanocomposites will allow the production of mudhter weight materials to replace metals and
plastics in various applications. The manufacturgrgpackaging products, for example, are
gradually substituting plastics, glass, and metakpging materials with paper and paperboard
which are far more sustainable and “eco-friendWith increasing interests and understanding
of the topography and surface chemistry of celkjo®searchers are able to use the basic
chemistry of cellulose to control attractive anguisive forces between wood/lignocellulosic
fibers and other materials through modifications pimduce materials that are essentially
nanodimensional. Most work, to date, has beendheltr of empirical formulation where wood
or pulp fibers are mixed together with other congrue to make useful functional materials.
Cellulose is a material which has unique tensitprties. In its pure form, fibers stronger than
Kevlar can be tailored (Cellulose = 70 to 137 GRaylar = 100 GPa). Other properties of
interest that are being achieved with cellulosendidécomposites include formability and
geometrical complexity at very small scale, uniqueysical properties, surface smoothness,
biomedical compatibility, and ability to reinforgmlymer foams. It is also desired through the
use of nanomaterials, and chemistry to either formreform cellulose fibers in a variety of
matrixes in which the cellulose can contributefuls modular strength to the matrix. It has been
established that cellulose is responsible for tinength of wood. Surface modification plays
important roles in the formation of high strengthterfaces between the matrix, matrix
components, and cellulose for the formation of dlecambridges between the cellulose, the
matrix, and other fillers that may be used [6].I@eke has a high reactive surface of hydroxyl
groups (—OH) sites that facilitates chemical madifion to achieve different surface properties
(surface functionalization). Cellulose fibrils nedlly possess a high surface polarity
(hydrophilic) which does not interact well with thgdrophobic surface of the most commonly
used synthetic polymers [4, 5]. Studies have beeried out on different methods to achieve
better interaction/adhesion between the two phasesto improve the barrier properties of
cellulose materials such as chemical modificatir8]. With increasing interests particularly for
the production of novel materials with nano-scale éco-friendly industrial applications and
considering the important role played by packagmaterial properties on food safety and
quality preservation. A good packaging materialidtigorovide control of mass transfer between
the food, the packaging material itself and theiremment. Different polymers, polymer blends
and composites are the most widely used barrieenmads in the world today. Microcrystalline
cellulose as polymer composite reinforcement iseting more attention because of its potential
advantages such as renewability, biodegradabiipgd mechanical properties and a broad
capacity to allow tailoring or grafting of chemicgppecies (chemical modification) to improve
barrier properties [4]. It is therefore, the obijeet of this study to prepare acetylated
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microcrystalline cellulose (AMCC) films with goodatyier properties to water sorption for
packaging applications. To achieve this, microalisie cellulose (MCC) purchased from
Aldrich chemicals was chemically modified by ketémg@aseous phase to modify the side chains
of cellulose to further enhance interaction. Ketes&cts with the accessible hydroxyl groups
(—OH) through a mechanism on cellulose moleculestlaectby modifies the highly hydrophilic
surface to become more hydrophobic which enhanadace interactions with most commonly
used synthetic polymers.

General Experimental Procedure Thin layer chromatography (tlc) plates were stddunder
the UV-lamp at 256 nm and 366 nm. Infrared Speutese recorded on a Perkin-ELMER
instruments 100X FT-IR run as KBr Pellets disk otrer Spectral range to 500 ¢ta 4000 crit.
'H and C-13NMR Spectra were recorded on a BRUKER 200 MHz Spectrometer using
CDCls.

Reagents and solvents

The microcrystalline cellulose (MCC) cellulose usedhis work was purchased from Aldrich
chemicals. Acetone, toluene, cyclohexanone, dionh@thane, n-hexane, petroleum ether,
diethylether, methanol used were of analytical grallletal used include iron filings, zinc
granules. Anhydrous Magnesium sulphate was usddyteolutions. Acetone was distilled twice
for optimal purity.

Apparatus Description

The apparatus adapted for the generation of keten@ modification of the conventional
apparatus for ketene generation [9, 10], were tbetrecal chamber was replaced by a thermal
chamber. The use of metals and thermal chamberide®wa short contact time for ketene
generation and subsequent high yield attributedldse packing of metals in 2 mm internal
diameter and 3 cm long packing in a Pyrex glassbemtion tube than conventional apparatus
whose filament is 70 cm long and sealed in a Pyglass 25 cm long and 70 mm internal
diameterThe novelty in this work is thathe use of metals and thermal chamber providesesh
contact time for ketene generation and subsequight Yield attributed to close packing of
metals in 5 mm internal diameter and 3 cm long parck a Pyrex glass combustion tube than
conventional apparatus whose filament is 70 cm,lsegled in a Pyrex glass 25 cm long with 70
mm internal diameter.

Mercerization of wood cellulose

10 g microcrystalline cellulose (MCC) was weighatbithe reaction flask and then 20 % of 20
mL NaOH solution was added the suspension was mextily stirred for 24 h for ketene up-
take and subsequent functionalization of the bippek.

Acetylation of microcrystalline cellulose (MCC)

Iron filings-generated ketene

10 g of microcrystalline cellulose (MCC) was meized in 20 % of 20 mL NaOH, the
suspension was stirred for 24 h on a magneticestiffhe suspension was transferred into the
reaction flask. The iron pipe adapted as the fuenaas packed with iron filings and pre-heated
for 10 min (to increase heating efficiency of thgparatus), after which 40 mL of dry acetone
was distilled. This process generated the keteatewhas used for acetylation. The mixture was
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cool to room temperature while stirring with a meto stirrer. It was filtered and the residues
washed with distilled water until neutral and arfred. The dried residues were ground in a
porcelain mortar, sieved through a 2 um mesh. Tt garticles were collected and stored at
room temperature prior to IR and NMR analysis. Thscedure was repeated for (zinc granules)
that were used for the generation of ketene andegjuent acetylation. Acetylation products
obtained were assigned codes as shown below:

Table 1. Acetylated microcrystalline cellulose prducts

KET-CELL
AMCCRFe
AMCCRZn

AMCCRFe-Acetylated microcrystalline cellulose des from iron filings generated ketene; AMCCRZetjated
microcrystalline cellulose residue from Zinc gréengenerated ketene

Applications of novel solvent for dissolution of hjh density polyethylene (HDPE)

High density Polyethylene (HDPE) sachets were ctdé from the Ibrahim Badamasi
Babangida University (IBBUL) main campus. Dissadatiof 5 g high density polyethylene
sachets follows the method described [11]. Inte thear solutions was introduced 2.5 g of each
modified and non-modified samples and stirred5onin and then spread on clean metal plates
and Petri dish to form a film. The thin films forchevere peeled-off to afford modified and non-
modified cellulose-polyethlene blends.

Biodegradation studies of modified cellulose blersd

Modified and non-modified cellulose-polyethlene rule were subjected to biodegradation
studies, using fungal and bacterial test. This easied out by taking a 6 x 4 cm and 40 um
thickness sheet of blends obtained from novel sddvevere buried under the ground with
favourable moist condition. The sheets were taking after 3 months and assessed for
biodegradation using their appearance, brittlergess$oration and weight loss parameters.

Water sorption test of modified cellulose-polyethiene blends and controls

Modified cellulose-polyethylene blends and contratgeasuring 4 cm x 2 cm and 40 pum
thickness were prepared and the weight of eacht ste® noted. Both blends were soaked in
water for 24 h. at room temperature and takingamat allowed to air dry for 1h. and the weight
was taken. The procedure was repeated four timeéssanght determined as average weights.
The percentage weight increase due to water absorpias calculated based on the original
weight of the air dried blends.

RESULTS AND DISCUSSION

The FT-IR spectra data of treated samples wereatigde of the success of the reaction using
gaseous ketene. The carbonyl stretching vibratwwee observed at 1691 and 1692 and the
medium band at 1072 ¢hrespectively. The methyl bands (&H were observed at 29.25 ¢m
on the acetylated microcrystalline cellulose (AMCThe absorption band at 2873.28 twf
non-acetylated microcrystalline cellulose (AMCC)shaeen assigned to—El stretching
vibrations in cellulose and hemicelluloses. Afteetglation, this band was observed at 29.25 cm
! This is due to asymmetric stretching of aliphatiethyl (CH—) group which is evidence of

535
Pelagia Research Library



Yakubu, A. e al Adv. Appl. Sci. Res,, 2011, 2(6):532-540

acetylation [12]. The strong absorption bands &936 and 3316.16 cirhave been attributed
to —OH bonded stretching vibrations in cellulose anahicelluloses [13]. The presence of these
bands in the acetylated sample is attributed tdabis that chemical modification is not always
sufficient enough to eliminate all the hydroxyl gps OH) [14]. Further evidence of
acetylation are the-€0 stretching of acetyl group in acetate at 1072 ¢medium) [13]. and
the absorption band at 1373.78 {mC—CHj) is attributed to €H deformation of CH group

in acetyl, this confirmed the formation of esteeda acetylation in cellulose and hemicelluloses
[15, 13].

Table 2: IR Spectra band assignments of acetylatioproducts based on related literature [12, 14- 20]

Frequency (crif) Assignments

3316.16-3843.09 —OH bonded stretching vibrations

2925 CHs; asymmetric stretching of aliphatic

2873.28 C—H stretching vibrations in cellulose and hemiceldds
1691.31-1692.3Q0 C=O0 stretching of acetate group

1373.78 C—H deformations of Cklgroup in Acetyl

1072 C—O0 stretching of acetyl group in acetate

1014.40 C—O0 stretching vibrations in cellulose, hemicellus®d primary alcoho

The'H nmr data are indicative of the presence of 8)xnfethyl protons of acetyl groups in the
range of 1.3-2.4 ppm and the seven (7) cellulostoprabsorbance in the range of 3.5-3.9 ppm.

The solvent peak came up at 7.25 ppm as a singlet.

Table 3:*H-NMR chemical shifts of acetylated products [17, .

Acetylated microcrystalline cellulose (AMCQ)
Chemical shifts [ppm]
1.4 1.3 ;g
1.6 2.2 2'2
2.2 2.2 2'2
2.2 2.3 2'2
2.2 2.4 3'5
2.3 3.7 36

Table 4. Assignments for*C—nmr Signal shifts of acetylated products [12, 146- 22]

Acetylated microcrystalline cellulose (AMCC)
Chemical shifts [ppm]
ppm Assignment| ppnl  Assignment ppm Assignment

29.9 | CHsof acetyl

30.19| CH;of acetyl 29.9 | CH,of acetyl 29.9 | CHsof acetyl
54.59 C6 76.59 cs 76.59 C5

76.59 C5 77'23 c3 77.23 C3

77.23 C3 77'87 Co 77.86 Cc2

77.87 Cc2 ) 97.10 C1

128.38 aromatics
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Figure 1. Photographic plate of Acetylated microcrgtalline cellulose blend (biodegradable packaging aterial)

The C-13 nmr peaks of the modified products indidahe presence of an important signal of
methyl protons of acetyl groups in the range 2Q23%pm. The presence of this peak is a strong
evidence of acetylation. The cellulose back-bong @z G, G and G) revealed by C-13 nmr
(Table 4) in the range 54.59-97.10 ppm (97.10 ppnCi due to electronegative oxygen atom)
is an indication that, the microcrystalline celkgothat was mercerized and acetylated using
gaseous ketene was transformed at morphological kewhancing the uptake of acetylating
agent and subsequent functionalization of the adageshydroxyl groups. This showed that
acetylation occurred. TheH—nmr analysis of the products indicated apZoton peak at 3.6
ppm. DEPT spectrum analysis (Figure 12a and 12¢ ga additional proof for cellulose back-
bone morphology and acetylation by indicating tlespnce of seven (7) protonated carbons
(CH-1, CH-2, CH-3, CH-4, CH-5, &-6a and 6b and CH-7 (GHf acetyl group) which further
gave evidence for the structure of the acetylatediycts. The structure of modified product
(Fig. 1) was established based on the evidencesdea by spectra data as shown in table 3 and
4 and a DEPT spectrum analysis (Appendix 12a abjl 12
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Figure 2.°C- nmr of Acetylated microcrystalline cellulose
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Figure 3. ADEPT Spectrum analysis of Acetylated miocrystalline cellulose

CONCLUSION

FT-IR, *H-NMR, and C-13 NMR peaks changes observed in k&g products, compared to
controls is an indication that significant level$ acetylation have been achieved in the
experiment. This also confirmed that ketene germrdiy the method adapted was successful.
The novelty in this work is that, the use of metaisl thermal chamber provides a shorter contact
time for ketene generation and subsequent higlhl y#tibuted to close packing of metals in 5
mm internal diameter and 3 cm long packing in eeRyglass combustion tube than conventional
apparatus whose filament is 70 cm long, sealedRgrax glass 25 cm long with 70 mm internal
diameter. Also the Acetylated Microcrystalline @édse-Polyethylene blends (AMCCPB)
prepared showed improved mechanical and chemiogkepties, for example, they were smooth,
transparent, flexible and biodegradable. While m@ndample did not exhibit such properties.
These properties displayed by Acetylated Microaljiste Cellulose-Polyethylene blends
(AMCCPB) is an indication that barrier propertiescellulose that prevent proper interactions
with most synthetic polymers have been modified bhedce, allowed for processing of blends
for packaging applications in food, pharmaceutiaat]j textile industry.
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