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Abstract: Nanocrystalline celluloses (NCCs) prepared frowwellulose of sugar palm bunch (SPBYyénga
pinnata (Wurmb) Merr.) by hydrolysis method using sulfueicid with the fixed concentration of 54% have
been done. Characterization of NCCs was perfofoyadsing Fourier transform infrared (FTIR) spestapy,
transmission electron microscopy (TEM), X-Ray difftion (XRD), and thermogravimetric analysis (TG#&)
functional group, morphology, structure crystallirend thermal degradation, respectively. FTIR Spect
indicated that NCC have almost similar spectra witbrocrystalline cellulose (MCC) Avicel TEM image of
the NCCs was obtained and it showed nanoscale diorewith diameter less than 100 nm and spheriegbe.
XRD diffractogram showed the degree of crystaljiif NCC is higher than MCC. TGA thermogram showed
that NCCs undergo degradation earlier than MCChlglter in residue.

Keywor ds: nanocrystalline cellulose;cellulose, sugar palm bunches, sulfuric acid hlydis,
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| ntroduction

Cellulose is renewable and one of the most aburidaptoymer in the world. Production of cellulosenature

is about 100 billion tons annually. Pure cellulasdound in cotton seed hair, but usually it congsirwith
lignin and other polysaccharides such as hemiasuhormally found in cell walls of woody plantsthpin
soft and hard wood. In addition, high purity cedleg is produced by culturingcetobacter xylinum into
glucose-based medium well-known as bacterial aiif. This compound is also found in single-celled
plankton or algae in the oceans as well as fundilzacterid®. As a chemical raw material, cellulose has been
used in fiber form or its derivatives for about &@ars.
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Cellulose is a relatively stable polymer. It is &dese the hydrogen bonds that are not soluble iacagusolvent
and does not have melting point. Also, cellulogers have good flexibility and elasticity. Theseparties
lead cellulose to maintain a high aspect ratibvexrhanufacturing procéss

In recent years cellulose is developed in nanocalyst. NCC is a reinforcement in nanocompositeemals
with low density (1.6 g/ml) and high mechanicalesgth (10 GPa). This material can also be usedhén t
manufacture of biomedical devices, implants, testiladditives in food and cosmeticand drug delivery in
the form of liposomes, micelles, microgel, carrigrshe targetted delivetyThere are some important factors
to consider in determining quality of the nanocailste cellulosej.e. diameter, aspect ratio, shape, and surface
properties. A very large surface area is an adgentd cellulose nanocrystal which allows drug tndoand
interact with the surface

NCCs could be prepared from cellulose fibers oradgystalline celluloses (MCCs).At the stage of tojysis,
there will be wide degradation of cellulose struetand remove the amorphous structure, and criystdt
obtained. The isolation process of NCCs either ffdmar cellulose or MCCs by acid hydrolysis invadview
steps namely centrifuge, dialysis, and ultrasamiatmerit'® or homogenize with high presstire

Bunches of Palmae plants generally have a high ibatent in addition to other substances. As & ghlm
empty fruit bunches (EFBs) that have high fiberteahin the base and edges are hard and rigid;2.67% on
the base and 62.47% at the BntInlike the corn cob fiber content is only 34.05%Fiber or cellulose consists
of crystalline and amorphous. Crystalline of celsg causes fibers become hard andstiff

SPBs are kind of organic solid waste from kolanlipkghome industry in North Sumatera, Indonesi&B& of
sugar palm were allowed to dry and only used &wbod. In this study, the bunches could be acgoaf
cellulose by delignification process we isolated QNGrom a-cellulose of SPB and investigated the
characterization.

Experimental
Materials

SPBs were obtained from kolang-kaling home induistlyangkat, North Sumatera (Indonesia). AVic@CC

as a comparison) were purchasesm Kimia Farma Industry. Dialysis tubing with eohacular weight cut off
(MWCO) of 12,000-14,000 was purchased from Fishaergific (Japan). All reagents used were analytic
grade.

I solation a-cellulose of SPB

SPB was chopped into small pieces, dried, and edu§8PB powder). The amount of 75 g treated SPB Wit
L of 3.5% nitric acid containing 10 mg of sodiuntrité for 2 h in a beaker glass immersed in a wiaéth at 90
°C. Followed by washing and filtrating, it digesteith a 750 ml solution contain of 2% wi/v eachsoflium
hydroxide and sodium sulfite at 50 °C for 1 h. Wagland filtrating were repeated until pH of thigrdite to be
neutral. Then it bleached with 250 ml of 1.75% sadihypochlorite solution at boiling temperature €% h.
After washing and filtrating were done, materialsweeated with 500 ml 17.5% sodium hydroxide solutior
0.5 h at 80 °C. The obtainedcellulose was washed by using tap water. The fitegd was whitened using 10%
hydrogen peroxide solution at a temperature of ®@ct 5 min and washed with distilled water subsetly
until the filtrate to be clear. The cellulose matkrfiltered and dried at 60 °C in an oven for,lahd used for
further investigatiotf.

Preparation of NCCs

In a chamber that contained 250 ml of 54% sulfadi solution was added 12,5 g wtellulose SPB and
stirred at high speed for 45 min at 45 °C. The s/Bitspension was diluted with distilled water altmirged to
settle overnight. The clear top layer was decaiated the remain of white cloudy layer was washed wit
distilled water and centrifuged several times tooee solvent and other organics soluble. The white
precipitation was diluted with distilled water amés dialyzed using activated dialysis tubing witth2a000—
14,000 molecular weight cutoff (MWCO) for 48 houfhie suspension from the dialysis tubes disperged b



Sumaiyah et a//Int.J.PharmTech Res.2014,6(2),pp 814-820. 816

ultrasonication for 10 minutes at 60% power. NCGsrevdried in vacuum oven at 2& and used for
characterization.

Char acterization of NCCs

The dried NCCs sample were mixed with KBr powded aramined with a FTIR (Shimadzu-IR Prestige 21)
unit with the scanning region of 4000-500°tat 16 crif resolution and averaging of 45 scans. The acizal s
of NCCs was observed by using TEM. Sample for TN dripped with 1% ammonium molibdat, then
embedded in polymethylmethacrylate (PMMA) resintréithin sections of NCCs was sectioned using an
ultramicrotom fitted with a sharp diamond knife. elBections were mounted on coated carbon grids and
examined with a LEICA EM UC7-NT TEM. Wide-angle ¥y diffraction data were collected using a
Shimadzu XRD-7000 X-ray diffractometer MAXima eqpgal with Cu K_ radiation at 40 kV and 30 mA to
investigate the XRD spectra of the cellulosic sanfkcattered radiation was detected in the rafigel®-40 at

a speed of 2min™. Moreover, the thermal degradation behaviors aECN\and Avicel were carried out using
TGA (DTG-60/60H Shimadzu) with a 2D min* heating rate, and a temperature range of 46G0M a
nitrogen atmosphere with gas flow rate 15 mi'hin

Results and Discussion

Results of NCC of SPB preparation

NCCs have been prepared fromcellulose of sugar palm bunches (Fig. 1a) usinjusa acid with
concentration of 54%. The yield of NCC SPB (Fig) tHabout 68 — 74.4%. Hydrolysis of cellulosefieeted
by the concentration of sulfuric acid. The amorphparts of cellulose is preferred to undergo agidrdlysis
rather than the crystalline. Part Amorphous cedlalpart is easier to be hydrolyzed compare to ystatline.
Treatment of cellulose with sulfuric acid involvesterification of the hydroxyl groups by sulfatescas shown
in Fig. 2. The introduction of sulfate groups oe gurface of the crystalline will produce a negatharge on
its surface when the pH increases. Anionic staiilin through the repelling force of the electrauble layer
on the crystal is a possible reason for the stghili the crystalline suspensionThis process resulted in a
reductiogﬁ of long-chaina-cellulose, froma-cellulose to microcrystlalline cellulose then narystalline
cellulose”.

Beside the effect of concentration, time and temupee of hydrolysis are other important factor tbe
isolation process of NCCs. It has been reportetthigaincreased time also increased the surfaagelzand the
number of sulfate groups After the hydrolysis step, the excess of thewsidfacid in the suspension has to be
removed by centrifugation. During centrifugationogess, the sediment was kept and supernatant was
separated. The precipitate was mixed with dist¥eder and centrifuged. This procedure was repaatébthe

pH 5-7 obtained. Then the suspension was dialyzminst distilled water in 48 hours using dialysis
membranes that have been activated. Activationdeas by immersing the membrane in distilled waber20
minutes then rinsed with clean distilled water.ation of membrane was made to open the poreshwhere
present in the membrane. The purpose of dialysispeocess for separating nanometer sized parti€lasn-
nanometer sized particles. Nanoparticles will difflout of the membrane, whereas the non nanonieget-s
will remain in the membrane. For further dispersithe particles in suspensionform was treated bysdnic
for few minutes. The ultrasonic treatment can b@ied out in an ice bath to prevent overheatingolvhinight
cause desulfation of the sulfate groups on theasaréf the crystallings'’.

Figure 1. a-cellulose (a) and nanocrystalline cellulose (b3wdar palm bunches
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Figure 2. Esterification of hydroxyl groups by sulfate idnsm sulfuric acid treatment of celluldse
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Characterization of NCC
Analysis of functional groups

Analysis of functional groups of NCC performed byIR and compared with microcrystalline cellulose
Avicel. Spectra of the sample wave numbers weriénrange 4000- 500 ¢imAvicel and NCC of SPB had
similar spectra as shown in Fig 3. The peaks weBd4il, 2893, 1624, and 1022 tindicating the presence of
OH groups, alkane CH, OH from water absorption, &@ (glycosidic bond) between glucose units in
cellulosé.Hydrolysis treatment with 380, did not alter the functional groups of cellulogmit only dis
continued the cellulose chain.

Figure 3. Infrared spectra of NCC SPB and Avicel
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Analysis mor phology

Morphological analysis of NCCs were resulted usiidM. As shown in Fig. 4 that the particles were ualily
single crystalline separated from another with agerdiameter of 15-20 nm. The TEM image showed that
NCCs obtained from SPB, because the particle sizgs in the range from 0.2 to 100 ¥niNCC of SPB
forms obtained were spherical. It was differentwiite NCC obtained from sisal and bamboo that lesdlle or

rod shapes”.

Figure4. TEM image of NCC SPB
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Figure5. X-ray diffraction pattern for Avicel and NCC of BP
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Figure 6. TGA thermograms of NCC of SPB and Avicel at a ingatate 2C°C miri* heating rate and a
temperature range of 0-860
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Analysis structure cdlulose

The structure and the degree of crystallinity 0d@Cs SPB and Avicel were analyzed by X-ray diffomoetry.
Figure 5 showed that degree of crystallinity of NC&@ SPB (97,57%) is higher than Avicel's (82,7786)
indicated by the sharp peaks of the spectra osdneple NCC. At the stage of the isolation proeessllulose
from SPB, NaOH at 17.5% concentration used for ghafication of a-cellulose, because-cellulose is
insoluble in NaOH 17.5%, while thg-cellulose andy-cellulose will dissolve. Treatment with NaOH on
cellulose changed the structure of cellulose fraftutose | to cellulose 1l In Fig. 5, the peaks of the spectra
Avicel were at 2 = 14.56, 20.14, and 22.2 This suggests that an Avicel was cellulose | kBéa the spectra
of NCC of SPB were at 11.8419.76, and 21.82 This suggests that the NCC of SPB was cellul5$e€

Thermal stability

Thermal gravimetric analysis (TGA) was performedharacterize changes due to heating and to detertime
phase change due to the decomposition procesdglr6Fean be seen that thermogram mass changesof th
samples during heating temperatu o 800°C. First mass loss occured at temperatures bel®y@dor
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Avicel and NCC of SPB. This decrease was causethéyevaporation of water from the samples that are
hydrophilic.

TGA thermogram showed that Avicel degraded at teatpees of 317C, and NCC of SPB 17%C. The
residue mass of Avicel and NCC of SPB were 5.4% Hh&5%, respectively at 80C. TGA thermograms
showed that NCC degraded faster than Avicel, Btitere residue. Presence of sulfate groups ocdhelose
caused cellulose degradation at low temper&tugenaller particle size of NCC caused more freénchads.
The end chains started decomposition at lower tesyp® and causing an increase in the char yielthief
hydrolyzed sampfé

Conclusion

The NCC isolated from sugar palm bunches by hydislymethod using sulfuric acid with the fixed
concentration of 54%. Spectra of both NCC and M@ Ccamparable. From TEM image can be concluded that
the dimension of NCC of SPB is nanosize with the Bpherical shape. XRD diffractogram showed that t
type of NCC is cellulose Il and containing higheystalline cellulose compared to Avicel. From TGAtal
confirmed that NCC started to degrade earlier &@c¢ but left higher residue.
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