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ABSTRACT

The palm fiber, lignocellulosic material, rich in fermentable sugars have
potential for use in different bioprocesses. The acid hydrolysis processis
commonly employed for the fractionation of these materialsfor the use of
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biotechnol ogy xylose contained in hemicellulosic hydrolysates. This study
aimed to produce xylose from the residue of the biodiesel industry through
hydrolysis using sulfuric acid, aiming particularly bioethanol use in
bioprocesses. For optimization of acid hydrolys's, therewas an experimen-
tal design, independent variables were the acid concentration, tempera-
ture and reaction time on the response variable concentration of xylose
released. The maximum concentration of xylose was obtained 49.46 * 10?
kg/ m3, by hydrolysisusing 0.46 M sulfuric acid, at 120 °C for 30 minutes.
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INTRODUCTION

Lignocellulosic raw materialsarerenewablere-
sources abundantly found in nature. Theseare sources
of hexosesand pentoseswith potentid usefor thepro-
duction of fuel ethanol, chemica sand food products®Y.

Theuseof biomasswaste producedin the country
still requiresaccurate assessmentsof their potential re-
covery economically viableand comprehensive anay-
sisof their lifecyclesand energy products. Despitethe
limited information availableon these parameters, stud-
iesinthisregard are supported by the Nationa Energy
Plan 2030 for the collection of information more con-

sistently, compared to expectations of appreciation of
thesewastesfor various applicationssustainable.

Inthe study presented here, thereisthe residue of
biodiesd productionfrom pam oil, composed of fibers,
shellsand empty bunches, which currently often used
asboiler fud or asfertilizer. Thelignocdlulosc materid
can beaprimesourceof raw materiasfor bioprocesses,
and for the production of second generation biofuels
and chemicals, and away to add val ueto the produc-
tion chain of biodiesd from pamoail.

Theobjectiveof thisstudy wasto determinethecon-
ditionsof hydrolyssusingsulfuricacidtoreleasexylose
fromtheclugter of padmfibers, lignocd lulosc materid.
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MATERIALSAND METHODS

Thefiber of thebunch of pam oil hasbeen received
fromthe Experimenta Fidd of Embrgpain Urubu, Ceru,
Manaus. Initialy, thematerid (about 10.00 grams) was
ground in ablender to passthrough 16 mesh seveand
placed in abeaker, which was submitted to the auto-
clave at 121 ° C for 1 hour. This procedure was to
reducethe sizeof the particlesand clean theraw mate-
rial, making the cellul ar structure moreaccessibleto
chemica treatment™.

For thehydrolysisof palm fiber, we used sulfuric
acid 98% PA, acid selected in preliminary experi-
mentg¥. Thereaction conditionswere selected froma
full factorid experimental designfor thefollowing vari-
ablesand domains: concentration of sulfuricacid- 0.05
t0 0.46 M; hydrolysistime - 10 to 30 minutes, tem-
peratureof hydrolysis- 120t0190° C . The variables
and their limitsare chosen based on theliteratureon
acid hydrolysisof lignocellulosic material §%6.10.13,

Variablesfiber massand volumeof acid werekept
constant and equal to 1.00 gram and 50.00 ml, respec-
tively. The concentration of xylosereleased wasthe
responsevariable. Tworeplicasof thecentrd point were
added to theplanto verify thereproducibility and the
possibility of non-linearity (curvature) intherange stud-
ied. Theplanispresented in TABLE 1. The statistical
analysiswas performed using Stati sticasoftware ver-
son 5.5from Statsoft.

Acidhydrolysisof fiberswasperformedin 300 mL
Parr reactor closed, using athermocoupleand stirring
of 30 rpm, constant in al experiments. The pressure
insdethereactor PARR isrelated to the temperature
of each experiment and the pressurevalueisread by a
manometer attached.

After hydrolysis, thereactor content wasfiltered
andfrozenfor later andysisof xylose. (Theanayssof
xylose was performed by the phloroglucinol**2 and
spectrophotometer at awavelength of 540 nm.

RESULTSAND DISCUSSION

Theexperimenta designand resultsare presented
inTABLE 1.

Figure 1 showsthe Pareto chart obtained fromthe
statistical anaysisof the experimental design. Inthis

chart, you can check the variablesthat influencethe
concentration of xylose released. Those whose bars
extend beyondthevertica line(p-level 0.5) havesig-
nificant influence on the response variable with 95%
confidence®.

TABLE 1: Experimental conditionsand theresponsevariable

(concentration of xylosereleased) experimental design used
todeterminetheconditionsof acid hydrolysisof palm fiber.

Acid Time Temperature xylose

Experiment concentration (minutes) ?"C) (10°
M) Kg/m®)

1 0,05 10 120 8,55
2 0,05 10 190 12,10
3 0,05 30 120 35,02
4 0,05 30 190 14,99
5 0,46 10 120 30,09
6 0,46 10 190 11,65
7 0,46 30 120 49,46
8 0,46 30 190 24,03
9(0) 0,25 20 135 13,79
10 (C) 0,25 20 135 13,97
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Figurel: Paretochart for theconcentration of xyloseasthe
responsevariable.

You can seethat themain effects of thevariabl esof
time and sulfuric acid contributesto theincreased con-
centration of xylose(postivesigninthebar). Themain
effect of temperatureisaso sgnificant for theresponse
variable, but itsincreaseleadsto | ess concentration of
xylosereleased (negative signinthebar). Theinterac-
tion between temperature and time appearsto be sig-
nificant, verifyingthat theresponsewill bemaximumif
theweather isat itsupper level and thetemperatureat
itslowest level. Thecurvaturewasnot significantinthe
modd.

Thetimeand temperature arethemost influentia
variables on the response. This can also be seenin
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TABLE 1, noting that for the sametimeand acid con-
centrationinatemperatureincreaseimpliesadecrease
intheconcentration of xyloseobtained, whichmay have
been aresult of the degradation of thiscompound fur-
fura®. Theoppositeisobserved in experiments 1 and
2. Probably thefirst experiment, thelow vaues ??of
concentration of sulfuric acid residencetimeand tem-
peratureof hydrolysiswasinsufficient tordeaseahigher
amount of xylosefromlignocedl lulosic materid.

Figure 2 showstheresponse surfaceasafunction
of temperature and time generated inthe analysis of
planning. Thegraph can be observed that the concen-
tration of xyloseincreased with increasing hydrolysis
time and decreaseswith increasing temperature.

Superficie de resposta, Variavel: Xilose
varidueis normalizadas
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Figure2: Responsesurfaceasafunction of temperatureand
timeof hydrolysis(acid concentration 0.46 M).
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The eguation generated by the model is presented
below. Thevariablesare standardized, ie, represented
by +1 and -1 itsmaximum to minimum.

Xylosereleased (10? Kg/m?®) =21,365 + 5,571 * [acid] + 7,639

*t—7,544 * T-3,821 % [T] * t— 3,424 * [acid] * T,

Where:

[acid]: concentration of sulfuricacid;

t: hydrolysistime;

T: temperatureof hydrolyss

Coefficient of determination (R?) =0,89; Adjustment =0,75
By the equation at the point indicated as optimal

within thedomain, the concentration of acid should be

+1(0.46 M), time+1 (30 minutes) -1 and temperature

(120° C). Calculating the concentration of xylose re-

leased with theseval ues, we 49,36* 10° Kg/ m?, value

closetothat seeninexperiment 7, taken under thesame

conditionsusedinthecdculation.

CONCLUSIONS

Based on the experimenta design performed in order
to enhancethereease of xylose by acid hydrolysis of
pa m fiber, it was concluded that the main effect of dl
variables(time, acid concentration and temperature) and
time-temperatureinteraction aresgnificant onthecon-
centration of xylose. Within thedomain studied the hy-
drolysisconditionsthat |ead to greater reponsearethe
concentration of sulfuricacid 0.46 M, time 30 minutes
and temperature of 120°C. An effective treatment of
palm fibers should lead to high release of xylose, with
minimal degradation. The xyloseisasubstrateto be
used in bioethanol production, fina goal of theproject.
Degradation canlead to production of fermentationin-
hibitors such asfurfural and needsto be removed®.
Theexperimental design allowed usto check the con-
dition of hydrolysisto obtain thelargest concentration
of xylosg, ig, itshiggest rel ease of thesefiberswith less
degradation. In later work, the xyloseisused to pro-
duce second generation biofuels.

ACKNOWLEDGEMENTS

UFF, CAPES, EMBRAPA/CPAA, CNPg/CT-
ENERG/MME.

REFERENCES
[1]
[2]

T.J.Eberts, R.H.Sample, M.R.Glick, GH.Ellis;
Clinical chemistry, V, 25(8), 1440-1443 (1979).
S.Gamez, J.J.Gonzalez-Cablriales, J.A.Ramirez,
G.Garrote; Journal of Food Engineering,, 74, 78-88
(2006).

L.F.Gutierrez, 0O.J.Sanchez, C.A.Cardona;
Bioresource Technology, v.100, p.1227-1237 (2009).
[4] Hamelinck, N.Carlo Van Hooijdonk, Geertje, Faaij,
P.C.André; Biomass And Bioenergy, 28, 384-410
(2005).

S.Larsson, et. a.; Enzyme and Microbia Technol-
ogy, V. 24, p.151-159 (1999).

K.O.Lim, FH.Ahmaddin, S.M.Vizhi; Bioresource
Technology, 59, 33-35 (1997).

MINISTERIO DE MINAS E ENERGIA, Plano
Nacional de Energia 2030/ Ministério de Minas e
Energia; colaboragio Empresa de Pesquisa
Energética. Brasilia: MME: EPE, 250 p, (2007).

(3]

[5]
[6]
[7]

s LBioTechnology

Au Tudian Yourual



310 Determination of optimum conditions of acid hydrolysis of the fiber of oil palm BTAIJ, 5(5) 2011

FULL PAPER o

[8] D.Montgomery, V.eCalado; Planejamento de [10] L.PRamos;, Quim.Nova, 26(6), 863-871 (2003).
experimentos usando o Statistic. Editorial Epapers [11] C.Sanchez, Biotechnology Advances, 27, 185-194
Servigos editoriais, Rio de Janeiro. Brasil, (2003). (2009).

[9] B.M.Radomski, Caracterizagdo da fibra de dendé [12] PTrinder; Anayst, 100, 12-15 (1975).

(Elaeis guineensis) e estudos preliminares para [13] C.E.Wyman, et.a.; Bioresource Technology, 96,
produgdo de etanol. Dissertagdo de mestrado em 1959-1966 (2005).

Quimica. Instituto Militar de Engenharia. 89 paginas,

(2009).

BioTechnologqy — cmmm—

Hn Tudian Jounual



