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ABSTRACT

This study experimentally investigated the influences of the varieties, granularity, moisture content, and loading
density of biomasses on the steam explosion pretreatment effect. The steam explosion lasted for 120 s under pressure
of 2.0 Mpa. The study results suggested that different biomass varieties show different sensitivities to the steam
explosion treatment. The biomass with higher hemicelluloses content exhibited the optimum blasting effect. For corn
straws, the reducing sugar yield and steam explosion treatment effect maximized at granularity of 20~30 meshes,
with moisture content of 10%, and loading density of 80% respectively.
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INTRODUCTION

In China, the waste biomass achieves a biomassnesoquantity of 6.42x%@ standard coal every year, including
3.22x106t standard coal of the straws of corn, rice, aneaifi]. These biomasses are valuable renewablaneso
In the times that energy determines the developnieatreasonable and effective utilization of shidmasses have
attracted increasing attentions. There are a lateséarches concerning the transformation fronwsti@ solid,
liquid, and gaseous clean f(i2t5]. However, due to the special structures @&f ¢lll wall compositions of straw,
including cellulose, hemicelluloses, and ligning thellulose in the straw are hard to be separade®].[The
transformation and utilization of straw are therelffgcted.

Steam explosion is a pretreatment method by disgplyartial hemicelluloses at high temperature hlagting the
biomass cell wall to realize the separation ofutefie and lignin [9]. This paper mainly studied treieties,
granularity, moisture content, and loading densitypiomass on the steam explosion pretreatmentteffe was
expected to find the main influencing factors ane optimum processing condition to improve the sfarmation
efficiency and increase the technical economy amdpetitiveness of biomass straw [10, 11].

EXPERIMENTAL SECTION

Raw materials

The corn straws used in the test was got from tien&heng District of Hebi City in China. The cotras/s were
prepared into grains in size of 1~3 cm, 1 ~ 6 mng, 20 ~ 30 mesh respectively. The corn cobs wearghed to
grains of 1~3mm. Green corn straws were prepartedjirins of 1 ~ 6 cm.

Steam explosion treatment

Steam explosion on the raw materials lasted for 420 pressure of 2.0 Mpa using the Hebi ZhengdBdl @D
steam explosion machine.
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The measurement on the lignocelluloses content in the materials
The lignocelluloses content was measured usingSést fiber measurement method.

The measurement of reducing sugar
The reducing sugar was measured by dinitrosalicydid colorimetry (DNS).

RESULTSAND DISCUSSION

Biomass variety

Different kinds of biomass raw material are disparia aspects of chemical composition, surfacectire, and
contents of cellulose, hemicelluloses, and ligiinerefore, they show disparate sensitivities tostieam explosion
pretreatment, which affects the treatment effecttedm explosion.

The composition variations of different biomassvarieties

Table 1 shows the contents of hemicelluloses, losky and lignin in three biomass varieties betore after steam
explosion. As shown in Table 1, the compositionghia cell wall of the biomasses treated by steaplosion
present certain variations, which are mainly repmnésd as the great reduction of hemicellulosesetdntThe
hemicelluloses content in the corn cobs shows thkelst reduction (from 38.7% to 8.63%). After exgitm, the
cellulose content in the corn cob sees a slightase. However, in the corn straw grains of 1~3aachgreen corn
straws, the cellulose content slightly increasessiidy attributing to the excessive reduction ofmieelluloses
content in corn cob after explosion. The lignin teon slightly decreases in the corn cob and greem straw while
slightly increases in corn straw.

Table 1 The main compositions of the three main biomass varieties

biomass Cellulose wt/% Lignin wt/% Hemicelluloseg%y
Before explosion  After explosion Before explosiorAfter explosion  Before explosion  After explosion
Corn straw 36.8 35.31 10.4 11.67 27.4 7.57
Corn cob 35.6 37.32 16.3 11.68 38.7 8.63
Green corn straw 36.2 35.66 18.7 16.31 20.2 6.41

Thereducing sugar yields of different biomass varieties

The reducing sugar yields of the corn cob; the araw grains in granularity of 1~3 cm and greemcgiraw are
12.23%, 8.75%, and 7.67% respectively. The cornasubgreen corn straw shows the highest and lowdstcing
sugar yields respectively, while the reducing sugeld lies between the two. The three biomassetias display
different sensitivities to the steam explosion timent.

Thegranularity of biomass

The process of stream explosion is indicated devist high pressure steam is infiltrated into tled wall via the
microspores on the surface of biomass. After kegfidn a certain time, the pressure is instantarlgaet¢eased to
the atmospheric pressure to destroy the cell vialtgire and degrade the biomass in turn. The arggtegree of
biomass changes the permeability of the surfaagctsire and thus exerts certain influences on thmosion
treatment effect. In this study, three kinds ofrcsetraws, which are in granularities of 1 ~ 3cr;, @ mm, and 20 ~
30 mesh respectively, were used in the experiment.

The composition variations of the corn strawswith different granularities

Figure 1 shows the contents of hemicellulosesuloede, and lignin in the corn straws of the threanglarities
before and after steam explosion. The largest tianias observed on the content of hemicellulo3é® smaller the
granularity, the larger the reduction amplitude ti granularity of 20~30 mesh, the hemicellulasekices to 7.41%
(the largest reduction amplitude). The hemicelletosontents of the corn straws in granularities~& cm, 1~6 mm,
and 20~30 mesh are 48.61%, 31.5%, and 27.04% obtiggnal contents respectively. The degradatiote ra
difference between the corn straws in granularit¢'©6 mm and 20~30 mesh are easy to be recognizeds tiial
differences between the hemicelluloses contentheftorn straws in granularity of 1~6 mm and 20fA8&sh are
insignificant after steam explosion. This phenonmesoggests the convergence of the treatment efiéthe steam
explosion on the corn straws in granularity of 6 rhelow. Moreover, the influences of granularity ison on
hemicelluloses content are insignificant in. Theref to reduce energy consumption of biomass enaygyersion
and improve the competitiveness of technologys itd@ need of crushing the corn straws into theldesnof 6 mm
below. The lignin content increases with the reiductof the granularity of corn straw. The cellulosentent
presents an irregular variation with the reductbthe granularity of corn straw.
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Fig 1 The composition of different granule corn stalk before and after explosion

Thereducing sugar yields of the corn strawsin different granularities

The reducing sugar yields of the corn straws imglarities of 1~3 mm, 1~6 mm, and 20~30 mesh ard9%,
8.75%, and 10.27% respectively after steam exphodibe smaller the granularity of the corn strdaw higher the
reducing sugar yield. The reducing sugar yieldhef torn straws in granularity of 20~30 mesh (thedt one) are
33.2% and17.4% higher than those of granularitfels-8 cm and 1~6 mm. It can be seen that the gasitpushows
more influences on the reducing sugar yield thantber compositions.

M oisture content

Moisture content affects the difficulty (or easéhamh pressure steam entering into the biomadsaedl, time, and
steam consumption amount in the steam explosionegsd Subsequently, it determines the effectiveotiilg
amount of hemicelluloses in steam explosion anckffeet of steam explosion.

The composition variations of the corn strawswith different moisture contents

As shown in Figure 2, the contents of cellulose Agin of corn straw present insignificant var@ats with the
initial moisture content in the corn straws, whilee hemicelluloses content fluctuates significantligh the
variation of initial moisture content. In the imitimoisture content of 50% below, the hemicellutosentent
presents an increasing trend with the growing efttoisture content in the corn straws. In the cdgbe initial
moisture content exceeding 50%, the hemicellulasedent tends to be stable after steam explosibe. Skeam
treatment effect is weakened. Thus steam explasiorapplicable in this condition.

40 —*— Hemicelluloses —®— Lignin

The composition content of corn

10% 30% 50% 70%
Moisture content of corn stalk/%

Fig 2 The lignocelluloses composition content of different moisture content corn stalks after explosion

Thereducing sugar yields of the corn strawswith different moisture contents

Figure 3 describes the reducing sugar yields of dben straws with different moisture contents afséeam
explosion. The moisture content is intensively elated with the reducing sugar yields. Increase=diicing sugar
reduces the reducing sugar yields in steam expio3ibis attributes to that the increase of moistmetent changes
the environmental condition for the hemicellulogiegradation by high-temperature steam. Under lon@isture
content, insufficient moisture content in the stezxplosion decreases the shear stress in the zafiori of water
and thus weakens the explosion effect and the meglstigar yields [9]. Test results implied that thducing sugar
yields are optimum at moisture content of 10% aliothe steam explosion.

477



Wang Xutao et al J. Chem. Pharm. Res,, 2014, 6(2):475-479

6

Reducing sugars yield/%

5

10% 20% 30% 40% 50% 60% 70%
Moisture content of corn stalk/%

Fig3 Reducing sugar yields of different moisture content corn stalks after explosion

Theloading density of the biomass materials

In the steam explosion, the loading density, natbly dense degree of the biomasses (corn stried fn the

explosion cylinder of steam explosion device afette steam explosion effects. Given relativelyhbigloading

density, steam has a hard access to the biomasséiseicenter of the explosion cylinder. Moreovdre t
half-explosion induced by the short duration of $team explosion reduces the steam explosion efectontrast,
low loading density is prone to lead to the inceeaenergy consumption in the treatment.

The composition variations of the corn strawsin different loading densities

Table 2 shows the test results of the biomassdeaiding density of 60%, 80% and 100% respectivAlyer
explosion, the hemicelluloses content increaseslevithe cellulose content gradually reduces with tise of
loading density. In addition, the lignin contenbsls small and irregular variations. The test rassiiggest that, the
lower the density, the more intensive the effecgteim to the biomasses, and the more the hentosshidissolved
and degraded in the steam explosion.

Table 2 The composition variations of the biomassesin different loading densities

Loading densitidiemicelluloses/%Cellulose/%Lignin/%

100% 8.05 34.05 9.84
80% 7.86 34.75 9.16
60% 5.59 37.61 10.37

Thereducing sugar yields of the corn strawsin different loading densities

The reducing sugar yields of the corn straws inlilog density of 100%, 80%, and 60% are 7.61%, 8,38% 7.45%
respectively. The corn straw with loading density86% therein show the highest reducing sugar yietile that
with loading density of 60% present the lowest ohlee possible reason lies in that hemicellulosespartially
degraded into inhabiting substances such as aléshwith the intensifying of the steaming and bagileffect of
high temperature steam.

CONCLUSION

(1) Different biomass varieties show disparate sernsés/to the steam explosion. Under pressure ofM@ and
steam explosion duration of 120 s, the corn colth Wwigher hemicelluloses content is most sensitivéhe steam
explosion, while the green corn straw with higheoisture content and denser structure exhibits thergst
explosion effect.

(2) With the reducing of the biomass granularity irasteexplosion, the reducing sugar yield increasessmaller
amplitude. However, it tends to be convergent umgtanularity of 6 mm below. In this condition, thentinuous
reduction of granularity contributes less to theast explosion effect gradually. Therefore, the csimaws in
granularity of 6 mm around are more suitable far skeam explosion pretreatment, while the cornwstia much
smaller granularity is prone to increase the eneaqsumption in the treatment process.

(3) The moisture content of the corn straw is interdgiveorrelated with the reducing sugar yield. Theash
explosion effect reaches to the optimum state aston@ content of 10% around. The constant increaseoisture
content weakens the steam explosion effect, whiafficient moisture content is prone to induce ¢hgbonization
of biomasses. Therefore, the excessive or insafftanoisture contents both reduce the reducingrsueias.

(4) The loading density of the biomasses exerts centdlimences on the steam explosion effect. Unfaataly, the
influences are irregular. At loading density of 60#te reducing sugar yield is minimized, while teducing sugar
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yields at loading density of 80% and 100% exhibgignificant differences. Considering the treatatmlity of the
device, it is suggested to set the loading dersityd0%.
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