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Effect of Temperature and Time on Dilute Acid
Pretreatment of Corn Cobs
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Abstract—Lignocellulosic materials are new targeted source
produce second generation biofuels like biobutahtmwever, this
process is significantly resisted by the nativeicitire of biomass.
Therefore, pretreatment process is always esseitgiaremove
hemicelluloses and lignin prior to the enzymaticdiojysis.
The goals of pretreatment are removing hemiceledosand
lignin, increasing biomass porosity, and increasthg enzyme
accessibility. The main goal of this research isttaly the important
variables such as pretreatment temperature and wimieh can give
the highest total sugar yield in pretreatment dbgpusing dilute
phosphoric acid. After pretreatment, the highesdltsugar yield of
13.61 g/L was obtained under an optimal conditibd40°C for 10
min of pretreatment time by using 1.75% (w/wjPd, and at 15:1
liquid to solid ratio. The total sugar yield of tvetage process
(pretreatment+enzymatic hydrolysis) of 27.38 g/lswatained.
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I. INTRODUCTION

HE unavoidable shortage of the world petroleum casid
the increasing problem of the greenhouse gas evagty
effect the worldwide interest in an alternativel$ue viable
alternative for improving energy security and redgc
greenhouse gas emission is conversion lignoceltuliemass
to biofuels. Biobutanol is one type of biofuels,igéhcan be
used for mixing with gasoline in order to decrettmeamount
of pollutants emitted from motor vehicles [1].
In order to produce biobutanol from lignocellulosiaterial
involves 4 steps: pretreatment, hydrolysis, fermgon, and
butanol separation/purification. Pretreatment iseasial to

remove lignin and separate hemicelluloses and iw@ro II.

enzymatic accessibility. After pretreatment procesdlulose
will be less crystalline, allowing enzyme to hygm# it into
fermentable sugars which mainly consist of six oarlsugar
like glucose in hydrolysis step.
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t After that, the hydrolysated cellulose and hemidefies
were fermented to ABE (acetone, butanol, and ethanp
using an anaerobic bacterium in fermentation stégen the
products were sent to butanol separation step.

Since many physicochemical structural and composti
factor in lignocellulosic biomass structure like camplex
mixture of cellulose, hemicelluloses, and lignif. [Bherefore,
pretreatment process is a necessary process intordehieve
biobutanol yield. Various pretreatment techniquasehbeen
used to improve physical and chemical of lignodefic
biomass such as physical, chemical, and biological
pretreatment [3]. However, in this research focnsbhemical
pretreatment with dilute acid, which can modify tirgstalline
poly-saccharides form to a more reactive amorplfiouns [3].
In addition, dilute acid can solubilize hemicellsdo and
remain lignin and cellulose. The advantages of #ép are
enhancing the enzymatic digestibility of cellulosand
significantly increasing value-added production Idid4].
Sulfuric and hydrochloric acids are widely usedlitute acid
hydrolysis. In contrast to these acids, phosphacid is less
toxic than other acids. Moreover, after neutralgat of
hydrolysate, the salt can be used as nutrient byomiganism.
Therefore, the filtration process is not needed [Bijlute
phosphoric acid, on hydrolysates from sugarcaneadsss,
fermentable sugars with 21.4 g/L with less than/d dof
inhibitors was obtained at operating conditions68t acid
concentration at 10€ for 300 min [6]. In this present work,
dilute phosphoric acid was used to remove hemiosiéuand
lignin in order to increase reducing sugar.

EXPERIMENTAL

A. Material

Corn cobs was obtained from the Betagro Compang. Th
collected corn cobs was stored in a sack bag atesmtnibom
temperature. Prior to pretreatment process, it dval in an
oven at 65°C for 24 h and was ground to particte sif 1.6
mm homogenized in a single lot. The resulting gtbbiomass
was stored in a sealed plastic bag at ambient tenpe.
Standard of glucose, xylose, arabinose, and furfurere
purchased from Sigma Chemical Co., Ltd., Thailand.

B. Corn cobs Pretreatment

To study the important variables of pretreatmericpss
such as pretreatment temperature and pretreatimenbn the
sugar yield in both the prehydrolysate and the dlydate as
well as the generation of xylose degradation likefuiral,
which presented in prehydrolysate. Phosphoric dcitb%
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(w/w) was examined at temperatures of 100, 120, 4d@
160°C and pretreatment time of 5, 10, 30 and 60 min

Dilute phosphoric acid pretreatment was performedai
laboratory scale stirred Stainless Steel reactbe feactor is
an acid resistant alloy and has a total volumn &f With an
electric heater and mechanic agitation. A 5 g ehambs were
placed in a 250 mL glass beaker and mixed well ®&mL of
1.75%
temperature and time. The pretreatment time wasitedu
when the temperature reached set point.

After pretreatment process, the prehydrolysate filtasted
to separate liquid and solid phase by using a vagoump. A
vacuum pump was used to pull a vacuum across ariéma40
filter paper in a standard vacuum flask and Buchfilesr
funnel setup. After that, the solid residues wereraughly
washed with tab water to neutralize pH. Then, tioéds
residues were dried at 65°C oven for 24 h and c@éein a
sealed plastic bag at ambient room temperaturele\the
liquid fraction was collected for monomeric sugaelgsis by
using HPLC (Perkin Elmer LC200) equipped with aaefive

index detector and Aminex HPX-87H column under ¢hes

following conditions: flow rate 0.30 mL/min, mobilphase
0.005 M of HSQ,, and column temperature of 65°C.

C.Enzymatic Hydrolysis
Enzymatic hydrolysis was conducted with solid raesl

proportion is amorphous cellulose. Cellulose is ighly

crystalline material, which is a major effect taist enzymatic
hydrolysis accessibility. Hemicellulose acts asamnection
between cellulose and lignin which gave
hemicellulose-lignin network more rigidity. Hemitidbse is a
heteropolymers of carbohydrate which consistsad-fiarbon
sugars (e.g. xylose and arabinose) and six-carbgars (e.qg.

(w/w) phosphoric acid at desired pretreatmentannose, glucose, and galactose). Hemicellulosea Hager

molecular weight than cellulose. The structure @&mh
celluloses is random, amorphous, and branched hbi
hemicellulose is easily to hydrolyze [2]. Lignin & very
complex molecule made up of three types of pheradtics
(p—coumaryl, coniferyl, and sinapyl alcohol) [2]hieh linked
in a three dimensional structure that make ligramtipularly
difficult to hydrolyze [7].

TABLE |
CHEMICAL COMPOSITIONOF CORN COBS

Chemical components Dry solid (%)

Cellulose 41.27
Hemicellulose 46.00
Lignin 7.4C

B. Thermal Gravimetric Analysis

using a commercial enzyme, donated by Novozyme TG-DTG, Perkin Elmer/Pyris Diamond is an equipmgnt

(Cellulase). Enzyme contains a mixture of cellulasénalyze thermal decomposition of biomass. The therm

hemicellulase and higher level of betaglucosidaseyme
activities. They are a brown liquicEnzymatic hydrolysis was
performed by using the solid residues of pretreatath cobs
0.5 g with 15 mL of 0.05 N citric acid—sodium cteabuffer

(pH 4.8) at 56C on an incubator shaker at 150 rpm for 48 h. 250 s

After enzymatic hydrolysis, the hydrolysate wasetakn the

water baht at 50C to inhibit growing enzyme. Then, the

hydrolysate was filtered to separate liquid anddsasidue by
using a vacuum pump. The liquid was determinedytrantity
of monomeric sugars yield by HPLC (Perkin Elmer 0GR
using refractive index detector and Aminex HPX-83dumn
under these following conditions: flow rate 0.30 /min,

mobile phase 0.005 M of .80, and column temperature of

65°C.
Ill. RESULTS ANDDISCUSSION
A.Chemical Composition of Corn cobs
Quantity of cellulose, hemicellulose and lignin

Table | as a dry weight unit. Table | shows the position of
corn cobs which composed of 41.27% cellulose, 4860
hemicelluloses, and 7.4% lignin respectively. Qele is a
main structural component in plant cell walls. Bheucture of
cellulose is a homopolymer consistspeD—-glucose repeating
units that are linear connected fy1—4 glycosidic bonds. The
cellulose in a lignocellulosic biomass comprisepaifts with a
crystalline structure and amorphous structure @}stalline
cellulose is a major proportion of cellulose whiesmall

inof four

decomposition of corn cobs is shown in Fig. 1.
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g. 1 Thermal gravimetric analysis curve of coohs

From thermal gravimetric analysis, it has
decomposition temperature range, implying corn oodossist
components. The different

structure of each component in corn cobs.
decomposition presented around 100°C, implying thahis

decomposition temperature was moisture containgeircorn
cobs. The second decomposition generated in thgeran

200-315°C, which was a hemicellulose. Decompositidn
hemicellulose presented in the low temperature edregause
its structure is a random, amorphous, and branc@etulose
was the third de-composition that presented inrtrge of
315-380°C. The structure of cellulose is mainly poses of
both crystalline cellulose and the small percentage

cellulose-

four

in decomposition

comn cobs was analyzed and the results are shown !§fnperature range depends on the physical and caemi
The first
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amorphous cellulose. Therefore, the cellulose deomition hemicellulose which consists of short lateral chais
temperature is higher than hemicelluloses. Amorg fttur mentioned previously; therefore, xylose presented
components in corn cobs, lignin was the most diffic hemicelluloses can be readily to hydrolyze tharcgse. In
component to decompose. The decomposition temperatgerm of xylose yield, a clear trend is observedvshg that it

range of lignin was higher than 900°C, owing ®structure
that consists of aromatic rings with various brash

C.Effect of Temperature and Time on Pretreatment Step

Corn cobs was pretreated with diluteP®, under these
following conditions: 1.75% (w/w) HPQ,, 15:1 of liquid to
solid ratio, temperature in the range of 100-16@f@ 5-60
min of pretreatment time. The highest yield of katagar in
prehydrolysate, 13.61 g/L, was measured after agaed at
condition of 1.75% (w/w) EPQO,, 15:1 of liquid to solid ratio,
140°C, and 10 min of pretreatment time. Moreovedar the
condition at 1.75% (w/w) §PO, 140°C for 5 min and 160°C
for 5 min were found to have similar highest tatabar yield
(as shown in Table Il and Fig. 2).

TABLE I
THE TOTAL SUGAR Y IELD OF CORN COBSIN PREHYDROLYSATEAFTER
DILUTE PHOSPHORICACID PRETREATMENTBY USING 1.75%(W/W) H3PQy,
15:1LSR, AND DIFFERENTPRETREATMENT TIMES AND TEMPERATURES

Total monomeric

increased with pretreatment time from 5 min to 6@ eind
pretreatment temperature from 10Go 120C. While harsher

pretreatment conditions (> 1), the xylose yield decreased

owing to xylose degradation into furfural which caterfere
the micro-organism growing in fermentation procg3js The
presence of furfural at 14C@ and 160C was first obtained at
10 min and the furfural yield was 0.17 g/L and 05,
respectively (as shown in Table IV). The highedbsyg yield
of 11.40 g/L was obtained at 1@0for 10 min of pretreatment
time. From table IV, the xylose lost reversed witib furfural
generation. Moreover, the results showed that gattent
temperature and time can drive xylose degradatiato i
furfural and at higher temperatures and times theraster
furfural formation which is in a good agreementhnitrevious
results [9]. The mechanism and toxicity of furfuralas
reported in previous work [10]. The arabinose picitbn was
obtained as a function of temperature and time lvtsisimilar
to the xylose trend under mild pretreatment coaddi After
140C and 30 min of pretreatment time, the arabinosddyi

Temperature Pretreatment time sugars . . .
(EC) (min) (Q,E) decreased since the mass of solid residue was duwmeer
5 2.01 severity pretreatment conditions. For glucose yield can not
10¢ ;8 §§ detect the glucose yield because the retentionhoBphoric
60 5‘04 acid is exactly match with glucose. However, saesearch
5 514 groups reported that the glucose yield that formed
120 10 5.29 prehydrolysate has a small amount [5], [11].
30 8.87
650 igg? TABLE Il
14C 10 13.6] THE MONOMERIC SUGAR YIELD OF CORN COBSIN PREHYDROLYSATEAFTER
30 12'77 DILUTE PHOSPHORICACID PRETREATMENTUSING 1.75%(W/W) HaP(y, 15:1
60 11‘ 85 LSR, AND DIFFERENTPRETREATMENT TIMES AND TEMPERATURES
5 13' 28 Temperature Pretreatment time Xylose Arabinose
) ¢S (min) (/) (o)
160 10 11.37 5 10 077
30 10.48 10C 1C 1.2¢ 0.97
60 9.3¢ 3c 1.82 1.4
60 3.25 1.78
5 3.68 1.46
3 16 120 10 3.72 1.57
R 30 7.15 1.72
R m 60 10.€ 1.9¢
e 5 11.2€ 1.9¢
T == 14C 1C 11.4( 2.21
3 e 30 10.51 2.26
g - 120c 60 9.61 2.24
? B-E S .—e 140:C 5 11.34 2.14
g e == 1o0c 160 10 9.25 212
E 2] e 30 8.59 1.89
g, 6C 7.8 1.5¢
o 10 20 30 40 4] 60 0
Time (min}
TABLE IV
Fig. 2 The total sugar yield of corn cobs in preijysate after dilute ~ FURFURAL LEVELSIN PREHYDROLYSATE UNDER VARIOUS PRETREATMENT
phosphoric acid pretreatment using 1.75% (w/yp®, 15:1 LSR, CONDITIONS :
and different pretreatment times and temperatures Temperature Pretreatment time  Average furfural
(%) (min) (9/)
Table Il shows monomeric sugar yield of corn cabs 14¢ ég g‘g
prehydrolysate after dilute JRO, pretreatment using 1.75% 60 0.52
(w/w) HsPQ,, 15:1 LSR, and different pretreatment times and 10 0.5C
temperatures. The major component in prehydrolyate 16¢ 28 11-?1(0

pretreatment process was xylose. Since the steictfr

325



International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:6, No:4, 2012

D.Effect of Temperature and Time on Enzymatic Hydrolysis
Sep

After the enzymatic hydrolysis, the major componént
hydrolysate was glucose and the others were xykmse
arabinose. In pretreatment process, hemicellul@seremoved
in order to maximize glucose yield in hydrolysatéem
enzymatic hydrolysis step. Table V and Fig. 3vslite levels
of total sugar yield measured in the hydrolysateeraf
enzymatic hydrolysis of corn cobs under differemtpeatment
conditions. The maximum total sugar yield obtairefter
enzymatic hydrolysis was found to be 13.77 g/Lrabptimum
condition of 1.75% (w/w) BPO,, 15:1 liquid to solid ratio,
140°C, and 10 min of pretreatment time. Table \bveh the
monomeric sugar yield in the hydrolysate after emeatyc
hydrolysis of corn cobs under different pretreatmen
conditions. The maximum glucose contained in therblysate
was 11.46 g/L at 1.75% (w/w) ;AQ,, 15:1 liquid to solid

ratio,160°C, and 60 min. The glucose yield increased with an

increase of pretreatment temperature and time, thue
hemicellulose removal during the pretreatment @ fibrm of
xylose and xylose degradation (furfural). Furfui@imation is
influenced by temperature and acid concentrationt stan
imply that the glucose in hydrolysate would beusficed by

60 13.31
5 13.71
16C 10 13.52

30 13.3¢

60 13.1¢
.16
b - s
£ E e T ——
g et -
£ - B o —
R - — - 100C
3 e |
R eomer 1200C
E‘J 4 - 140°C
&
E o, —e 160°C
£
:

0 10 20 30 40 50 60 70
Time (niny

Fig. 3 The total sugar yield of corn cobs in hysgisalte after
enzymatic hydrolysis under the condition of 1.758w() H;PO,,
15:1 LSR, and different pretreatment times and tatpres

TABLE VI
THE MONOMERIC SUGAR Y IELD OF CORN COBSIN HYDROLYSATE AFTER
ENZYMATIC HYDROLYSIS UNDER THE CONDITION OF 1.75%(W/W) H3POy,
15:1L SR, AND DIFFERENTPRETREATMENT TIMES AND TEMPERATURES

Temperature Pretreatment time Glucose Xylose+Acsgin
temperature and acid concentration as well. In texdi the (© (min) (glL) (glL)
pretreatment process can.disorgani;e the crygiadibilulose 100 150 j.'g’; 2:?2
to an amorphous form which made it was easily tWdrdlyze 30 6.7¢ 3.4¢
by enzyme (as shown in Fig. 4). Fig. 4 shows the&ctire .of SSC ;gﬁ géﬁ
corn cobs after pretreatment process under differen 120 10 7.52 3.03

. ; ; 30 9.80 2.75

prgtreatment . conditions by using scanning electron 50 1119 P

microscope. Fig. 4 (a) shows the corn cobs witlpatreated 5 11.10 2.54

with dilute phosphoric acid. Fig. 4 (b), (c) weletresults of 140 o o o4l

pretreated samples in different temperatures.4{g), (d) the 60 11.4 1.8€

samples pretreated in different times. It was fotimat high 5 113 2.31

. . . 160 10 11.38 2.14

temperature and pretreatment time can disrupt alhyst 30 11.41 1.93

structure in corn cobs. The minor products in hijydate were 60 11.46 168
xylose and arabinose with small amount. Increasing

pretreatment times and temperatures will decrdasgield of
xylose and arabinose since the furfural formatiom dahe
pretreated xylose and arabinose during pretreatrsiem. It
has been reported that 1 g/L furfural could inhibéast
growing work [12]-[14].

TABLE V
THE TOTAL SUGAR YIELD OF CORN COBSIN HYDROLYSATE AFTER
ENzYMATIC HYDROLYSIS UNDER THE CONDITION OF 1.75%(W/W) H3PQy,
15:1L SR, AND DIFFERENTPRETREATMENTTIMESAND TEMPERATURES

Temperatur  Pretreatment tirr Total monomeric suge
() (min) (9/L)
5 7.8¢
100 10 7.96
30 10.22
60 11.00
5 10.38
12C 10 10.5¢
30 12.5¢
60 13.7¢
5 13.64
140 10 13.77
30 13.59

Fig. 4 Scanning electron microscope of samples pfetreated with
dilute phosphoric acid under the condition of 1.7&0w) HsPO,,
15:1 LSR: (a) untreated, (b) 1@210 min, (c) 14 10 min, and (d)
140C 30 min
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IV. CONCLUSIONS

High temperature is an achievable way to disorder t
complex structure of corn cobs for enzymatic hygsisl step.
However, an optimal condition in pretreatment
pretreatment times, temperatures and the formatidarfural
needs to be accounted. In this research, the dvegiiest
total sugar yield in both pretreatment and enzyertadrolysis
was 27.38 g/L under an condition at 140°C for 10 rof
pretreatment time using 1.75% (w/w}O, and 15:1 liquid to
solid ratio. In this optimal condition, furfuralX¥ g/L was
obtained.
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