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Abstract

Cellulose acetate was produced from acetylatiorcgg® oil palm empty fruit bunches cellulose which
underutilized. To obtained cellulose acetate quealifivas needed cellulose with high purity level athivas
produced through several stages are pre-hydrolgsigynification, pulping and bleaching. The purpad this
research was to making cellulose acetate and digiegrthe exact acetylation time from oil palm egnfruit
bunches cellulos&he research was conducted several stages ardosell@xtraction, cellulose acetate
production with acetylation process and characéion of acetate cellulose. The production procésllulose
acetate was done with acetylation time are 15483@&nd 60 minutes. The results were obtained oskucetate
by water content range from 4.332 to 4,468%, tighést yield for 45 minutes was 189.699% and thé dz=tyl
content for 30 minutes was 40.108%. FTIR analysis showing carbonyl group at 1759tand C-O group at
1234 cn region. Morphology of cellulose acetate obtaineabwhaped cylindrical fibers and had perforated
layer.

Keywords: Oil Palm Empty Fruit Bunches, Cellulose Acetatee#ation

1. Introduction

Cellulose acetate is a biopolymer that produceduitin acetylation process of biomass cellulose.ovariypes

of biomass have been used as source of cellulosprotgucing cellulose acetate such as cotton wastes
(Chenget al. 2010), recycled papers (Filleb al. 2008), agricultural wastes (Isralal. 2008), and woods
(Satoet al. 2008). However, the amounts of biomass are stll o it cannot as the main raw material on
production commercial cellulose acetate that derifrem woods. One of biomass that underutilizeghagm
empty fruit bunches. The use of palm empty fruihdhes cellulose can be alternative to wood cekutbst if
used excessively can affect the environmental lsalan

Oil palm empty fruit bunches have high cellulosaitent are consists of 67.88% holocellulose and &8.d-
cellulose that have fiber content 72.67%. Alphdutese is the most high-quality of cellulose (pur&he
content of higha-cellulose in oil palm empty fruit bunches can egessed become pulp that can be used as
raw material for production of cellulose acetate. f& the oil palm empty fruit bunches have beeedu®
production of bio-oils (Sukirast al.2009), carboxilmethylcellulose (Boreb al. 2009), briquetting (Nasriet al,
2011), compost (Amirat al. 2011), ethanol (Millatet al. 2011), biofuel (Yangt al. 2006) and Indonesia Oil
Palm Research Center using Oil palm empty fruitches wastes to polypot, particle boards and labex.f

Cellulose acetate is one of macromolecules fronvdtve of cellulose. It’'s one type of natural poigr that has
very organized of micro fibril structures. Celluboacetate has excellent quality with good transpatdensile
strength, heat resistance, low water absorptiod, easily biodegradable. The cellulose acetate piiegeare
very need of various industries such as coatingstjgls, films, fiber textiles, filter tow, LCDs, pto films,
textiles (Pulset al. 2011), packaging, membranes and cigarettes (tdioisseret al. 2003).

Cellulose acetate quality is very influenced bytgceontent and degree of substitution becausantadffect to
the resulting product and the solubility of cellkdoacetate in solvent. Acetyl content of cellulasetate is
influenced by several factors such as cellulosé withydride acetic ratio, acetylation time and raxt&on
between treatment factors (Susanti 2003). Produdticellulose acetate needs different acetylatime that is
depended on source of cellulose to obtain the gpjate acetyl content. Various research have beee dbout
acetatee cellulose such as microbial cellulosestak&0 hours (Safriani 2000), bacterial cellulaserf pineapple
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waste for 2 hours (Pasla 2006), straw for 2-3 hdHierissoret al. 2004). The purpose of the research is to
making cellulose acetate and determining the ex@etlylation time from oil palm empty fruit buncheslulose.

2. M ethodologhy
2.1 Materials and Equipment

The using materials in the research were oil painptg fruit bunches from oil palm factory “PTPN VIih
banten and chemical materials on cellulose extracti-cellulose content analysis and cellulose acetate
production.

The using tools in the research were tools on losiéu extractionp-cellulose content analysis and cellulose
acetate production. The resulting product was desterphology with Scanning Electron Microscope (SEvid
functional group transformation with Fourier Traowsh Infrared (FTIR).

2.2 Research Methods

The research was done several stage, (i) extracitiglose oil palm empty fruit bunches, (ii) praihg
cellulose acetate, and (iii) characterization diubese acetate.

2.2.1 Extraction of Oil Palm Empty Fruit Bunchedl@ese

Extraction was done in 5 (five) stage by preparatboil palm empty fruit bunches, pre-hydrolysightHNO;
3,5%, delignification with NaOH 2% and pBO; 2%, pulping with NaOCI 1,75% and NaOH 17,5%, and
bleaching HO, 10%. The resulting cellulose was tested purityeleby measuringa-cellulose content
(Harahapet al. 2012).

2.2.2 Production of Cellulose Acetate

Production of cellulose acetate was done some diggctivation, acetylation, hydrolysis, sedimeiotatand
drying.
1. Activation, the resulting cellulose was added galacetic acid with ratio 1:10 and shaken af &8for
60 min. Then it was added 2 % sulfuric acid araken at 38 C for 45 min.

2. Acetylation, the results of the activation process done acetylation process by adding anhydriticace
acid with anhydrid and glacial ratio 3:2 (Safri@8i00). Then it was shaken at temperaturé G8with
acetylation time according to treatment (15, 30adé 60 minutes).

3. Hydrolysis, acetylation process was stopped byrafdiquadest and glacial acetic acid ratio 1:2 and
shaken at temperature %0 for 30 minutes.

4. Sedimentation, the results of hydrolysis proceas put in centifuge with speed 1500 rpm for 15 min
then sedimented into aquadest and filetered ugicaacid flavour was lost.

Drying stage, the resulting sediment was drie@iperature of 105C.

Analysis of Cellulose Acetate was done by measutfiegcellulose acetate yield (ASTM, 1991), water
content (ASTM D-678-91), acetyl content (ASTM D-698)

2.3 Characterization
2.3.1 Fourier Transform Infrared (FTIR)

The chemical investigation of functional groupsoihpalm empty fruit bunches cellulose and cellel@zetate

were studied by using Fourier Transmission Infragectroscopy (Spectrum Perkin Elmer). The samjsie d
was prepared by mixing and compressing the sammulek®r at a 1:1 ratio. FTIR spectra were produckera

fifty times by scanning at a 4 chresolution for transmission wavelength range 4@0450 cn.

2.3.2 Scanning Electron Microscope (SEM)

The surfaces of the samples (oil palm empty fruihdhes cellulose and cellulose acetate) were comitbda
thin (approximately 20 nm thick) of gold in an isputter, model JFC-1100E (Jeol Ltd.). SEM imaged palm
empty fruit bunches cellulose and cellulose acetatee recorded at 100x and 2,000x magnificatiomgusin
acceleration voltage of 20 kV.
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3. Result and Discussion
3.1 Extraction of Oil Palm Empty Fruit Bunches Cellulose

Cellulose  extraction was done some stage by prépara of palm empty fruit
bunches, prehydrolysis, delignification, pulpingldrileaching. Palm empty fruit bunches have a siraoivhich

is very hard, thorny and still contains palm oileafit was processed from the factdPyeparation of oil palm
empty fruit bunches is done by cleaning from thellshand the remaining oil then dried in the dbry palm

empty fruit bunches was separated fibers thencciarim short fibers size of 5-10 cm which aimsadoilitate the
delignification process of cellulose.

Palm empty fruit bunches fibers contain componeriter besides cellulose (45.95%) are lignin (22:23%
holocellulose (66.07%) and extracted materials8%) (Darnokecet al, 2001).Cellulose can be obtained from
oil palm empty fruit bunches by delignification pessDelignification was done in two stages, pre hydsay
with cooking oil empty fruit bunches fiber by HNG.5% that aims to removing other components besides
cellulose and leaving fibrous solids. Delignificatiwas continued by adding mixture of NaOH 2% afaeSKD;

2% that aims to remove residual lignin which disedl and wasted into the solution of dark brown colde
resulting cellulose was pure white. To removingwmcacolor of cellulose then bleaching process wasedoy
NaOCI 17.5%. Hypochlorite ion was a strong oxidant which capaiflereaking ether bonds in lignin structure,
so that increasing the degree of white pulp (Hgyahal. 2012).

The purity cellulose level was determined by coniaha-cellulose from the resulting cellulose that can be
obtained by addition of NaOH 17.5%ellulose can be divided into three typesgellulose f-cellulose
and gamma-cellulose. The addition of NaOH 17.5%seawswelling of the cellulose structure that willack
the cellulose fibers so thptcellulose and gamma-cellulose were dissolved agllting a-cellulose of
yellowish white. Swelling of cellulose can increabe accessibility -OH groups so that reaction psscof
cellulose was easily formed. Last stage was blegchiocess using 4@, 10% which aims to obtain the white
cellulose and then dried in the oven at 105The resulting cellulose can be shown in Figure 1

EHT=100kV WD=145mm Mag= 100X  Signal A= SE1 Date:7 Oct2013
“The Forestry Research and Development Center” Time :1147:13

Figure 1. (a) Cellulose and (b) Cellulose with SEQDX

Production of high cellulose acetate quality wasyvefluenced by the level of cellulose purity. Throre level
of purity cellulose was increased, the obtain ¢efle was increased also. The resulting cellulogbérresearch
was purified by dissolving cellulose in NaOH 17.5%that can be obtain-cellulose content of 94.8%. This
shows the cellulose has high level of purity sd thaan be used as cellulose derivative produkésdellulose
acetate. The resulting cellulose has water cordeBfo. Low water content influence acetylation psscén
production of cellulose acetate because —OH growpater more reacts with anhydrous reagent than gfHp
in cellulose. The more water content was decrea$®id, group reactivity was increased also so theilifate
acetylation reagent into cellulose fibers.

3.2 Production and Characterization of Cellulose Acetate

The obtaining cellulose acetate was shaped whitedpo According of Fenger and Wegener (1995) inatis
(2003), cellulose acetate was caused by oxidathanges of cellulose molecules so that it resukés ablor
compounds during acetylation. The color changes fidhite to brown has seen when addition anhydridzia
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In this research, cellulose acetate was producedtrale stages by activation, acetylation, hydrolysis
sedimentation and drying. Before the acetylatiavcpss, the activation process was done to expansuttiace
area of cellulose fibers and reduce the intermddedwydrogen bonds so that facilitate acetylatiomcpss with
anhydride acetic. Activation was done by using igllaacetic acid as activator and sulfate acid aalyst. This
statement like Safriani (2000) that acetylation wesre in acid condition by adding anhydride acatid glacial
acetic acid ratio (2:3) and sulfate acid as catdB<20 % of the cellulose weight).

Table 1. Result Cellulose Acetate Analysis of YjéNhter, and Acetyl Content with Acetylation Timariation.

Treatment Water Content (%) Yield (%) Acetyl cortérb)
15 4,332 57.324 37.521
o ) 30 4.528 156.202% 40.104
Acetylation time (min)
45 4.648 189.699 42.26]1
60 4,470 145.354 43.194

Source : The Results of Cellulose Acetat, 2013.

3.2.1 Water Content

Water content of cellulose acetate in the resefioh 4.332 to 4.468% (Figure 2). In the figure 2swsown
that the longer of acetylation process, the higifemvater content but it was not significant effect the water
content of the resulting cellulose acetate. Wateitent of cellulose acetate was very low becausa done to
drying of production process. The drying of tempemraand long was done at temperature of “@fr 6 hours.

Low water contents also were influenced by storfagéor. Cellulose acetate was not hygroscopic ptseso

5.0 4332 4,528 i 1170
4,5
4,0
3.5
= 3.0
= a5
E 2,0
5 L5
< Lo
= 0,0

15 30 45 60

Time Acetylation (min)

that it can be changed to depending on storageitaamsl

Figure 2. Water Contents of Cellulose Acetate

3.2.2 Yield

Yield of cellulose acetate was ratio between weijfhthe resulting cellulose acetate with weighttleé using
cellulose in acetylation process. The obtainingldyivas from 57.255 to 189.699 % (Figure 3). Thagkr of
acetylation process, the higher of yield of celdgl@cetate. Acetylation process which was longesacsllulose
degradation process with anhydride acetate incdessehat the resulting cellulose acetate increagiedd of
cellulose acetate was directly proportional withtevacontent because the higher of water conteptd ywas
increased also.
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Figure 3. Yield of Cellulose Acetate

3.2.3 Acetyl Content

Acetyl content was measure of the esterified aeetatount in cellulose chains that will determine vialue of
substitution degree. The degree of substitutiathésaverage amount of -H atoms on the hydroxyl gre@®@H)

which was converted to acetyl groups in each ardgidcose residue (Arifin 2004). Acetyl content bet
resulting cellulose acetate was 37.525 to 43.198Hufe 4). The amount of the obtaining acetyl cohigas
increased with increasing duration of acetylatiomcpss. Acetylation time was long cause cellulesgradation
occurs gradually because cellulose containing wadatent was very low (4.332 to 4.468%), but -Oldugr on

the water more easily react with acetic anhydreegent than -OH group cellulose.
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Figure 4. Acetyl Content of Cellulose Acetate

Value of the esterification degree the resultinuéese acetate was influenced by acetyl contentoiding to
Ullmann's Encyclopedia (1999) in Safriani (2000atthhe degree of esterification or the amount adtiac
determines the solubility and compatibility withapticizers, resins and others which affect the meichl
properties. Cellulose acetate can soluble in omsolivents depending on the degree of esterifisa@mthat can
be obtained good and homogeneous solution so thatresulted quality product. Relationship betwe®n t
degree of substitution, acetyl content, and solwed shown in Table 1.
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Table 2.4 Relations Degree of Substitution, Ac&ghtent, Solvent and Application of Cellulose Ateta

Degree of Substitution Acetyl Content (% CommotvEots Application
0.6-0.9 13.0-18.6 Water -
1.2-1.8 22.2-32.2 2-Methoxy-ethano Plastic
2.2-2.7 36.5-42.2 Acetone thread, film
2.8-3.0 43.0-44.8 Cloroform fabric, wrapping

Source: Fengel and Wegener 1995.

Good cellulose acetate was cellulose acetate tyjheiter good quality according to Indonesia natsd@ndard by
acetyl content parameter of 39-40%, intrinsic visgo(solvent acetone) 1.5-1.8 dl / g and stab#igainst heat
was not occur carbonization when heated (B@or 8 hours). Acetyl content and solubility oflatose acetate
in organic solvents was major parameter in detangigood cellulose acetate. The cellulose acetatiegory
was obtained by acetylation time of 30 minutes \aithtyl content of 40.108%.

3.3 Chemical Characterization by FTIR

Cellulose and cellulose acetate was tested by EidRaims to analyze functional groups changes fretinlose
become cellulose acetate with looking the formipgcsrum (Figure 5).

The results of functional groups analysis on celialuses FTIR can be seen in Figure 5a. In theefiga was
shown O-H groups at 3348 &nand C-O groups 1065 ¢mThe groups were type of alcohol compound that was
the forming cellulose group. There was also C-Hcfiomal groups at 2901 chwhich were hydrocarbons
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Figure 5. FTIR Analysis of (a) Oil (&) Empty (b) :hes Cellulose and (b) Cellulose Acetate

The results of functional groups analysis on cefiel uses FTIR can be seen in Figure 5a. In theefiga was
shown O-H groups at 3348 ¢nand C-O groups 1065 ¢mThe groups were type of alcohol compound that was
the forming cellulose group. There was also C-Hcfiemal groups at 2901 c¢hwhich were hydrocarbons
compounds.

The results of analysis of functional groups onube$e acetate using FTIR can be seen in Figurd Bé.result
was shown O-H groups that not perfectly acetyléifedseen at 3618 cfrwith the level of depth peak was quite
low. This condition was comparable with acetyl @mtvalue cellulose acetate so that can be statddhere are
—OH groups on the not substituted cellulose. C-@ugrwas showed at 1234 ¢rwhich was ether groups and
C-H groups at 2962 cf The establishment of C=0 in cellulose acetatavaye numbers at 1759 ¢rwas
showed carbonyl group. The carbonyl groups weregsavhich make up the cellulose acetate.

The second spectrum in Figure 5b was showed thatgeh of functional groups on cellulose after was be
through acetylation process into cellulose acefitéerences of functional groups between cellulcaed
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cellulose acetate was the establishment of C=Opgfcarbonyl groups) that was resulted from acdtytat
process with using anhydride acetic aditbreover,reduction in the quantity of OH groups in cellul@s®tate
was caused the OH group substituted by acetyl grole emergence of acetyl group was verified with new
absorption peaks suvh as carbonyl goups and C-@lageups. The FTIR spectra was demonstrated ttieat
acetylation process oil palm empty fruit bunchelbutzse into cellulose acetate has been succegsfaliried
out.

3.4 Morphological Characterization by SEM
The Result of SEM Characterization with 2000x méigaiion was shown in Figure 6.

Figure 6. SEM Analysis of Cellulose Acetate withgn#ication 2000x

SEM image was seen morphology of micron-sized §ibEiber morphology was showed fiber that was sthape
cylindrical fibers and had perforated layer. Palmpgy fruit bunches cellulose (figure 1b) was shovgedd
fiber of the same size, while cellulose acetatgu(® 6) was showed different surface with celluldke fiber
changes with the perforated layer. That was cae$fedt acetylation process that have dissolvediloele in
anhydride acetic so that shaped micron-sized fibicrphology of the resulting fiber had differencegh
cellulose acetate that was resulted by Harahab (2012) had shaped blank space fiber because tbet ef
time acetylation was shorter so that acetyl caniers different.

4. Conclusion
Conclusions in the research was

1. Qil palm empty fruit bunches cellulose had watemnteat of 4.8% and -cellulose content of 94.8%. Low
water content influence acetylation process in petidn of cellulose acetate because —OH group tewa
more reacts with anhydrous reagent than —OH gnougliulose.

2. Water content of cellulose acetate range from 41832468%. and highest yield of cellulose acelste
time acetylation for 45 minutes at 189.699%. Thasvehowed vyield directly proportional with water
content because the higher of water content, yiglglincreased also

3. The best acetyl content of cellulose acetate biykateon time for 30 min at 40.108%.

4. The changes functional groups in cellulose aftetydation process into cellulose acetate. The difiees
was seen with the formation of C = O group at 188 and C-O group at 1234 ¢hihat was carbonyl
groups formed by acetylation process.

5. Morphology of cellulose acetate was shaped cyleadifibers and had perforated layer.
Based on the research conclusion, as empiricaldatn, it is suggested that:

1. Cellulose acetate from oil palm empty fruit bunchas be developed into the industry and compete wit
the cellulose acetate from wood affects the enwirem ecosystem.

2. Cellulose acetate can be used as raw materiahéptoduction of some products such as bioplastics,
biomembran, fabric and biofilms.
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