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ABSTRACT

Lignocellulose is the most abundant renewable resource in the earth. The main components of lignocellulose are
cellulose, hemicellulose and lignin. In order to separate lignocellulose, the selective dissolition performance for
corn stalk using four ionic liquids(iLs) of 1-butyl-3-methylimidazolium formate ([BMIM][FQ]),
1-butyl-3-methylimidazolium acetate ([BMIM][Ac]), 1-butyl-3-methylimidazolium propionate ([BMIM][Pr]) and
1-butyl-3-methylimidazolium dicyanamide ([ BMIM][DCA]), was studied in this paper with temperature from 20°C
to 140°C. The results show that the dissolution rate of corn stalk using different ILs increases with rise of
temperature. At 140°C, [BMIM][Pr] has the strongest solubility for the cellulose and hemicellulose from corn stalk,
up to 74.04% and 79.22%, respectively. [ BMIM][DCA] has the strongest dissolving ability for lignin from corn stalk,
up to 75.15%. Although the cellulose and hemicellulesin corn stalk both have relatively low selectivity of dissolution
in all the ILs, the coefficient of selective dissolution for the lignin from corn stalk is about 2.03 and shown a good
separation performance in [BMIM] [ DCA] at 140°C.
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INTRODUCTION

Every year, there are about 700 million tons ofpcetraw produced in china. So, lignocellulose isreamely

abundant. Lignocellulose mainly contains three comemts, namely cellulose, hemicellulose and ligninich form

complex crystal structures by hydrogen bonding,atent bonding, etc and are difficult to dissolvel aeparate.
Efficient separation of the components of lignadelbe is of great significance for the productidrbmethanol,

paper, etc and is the key to comprehensive utitinadf lignocellulose.

At present, the pretreatment technologies of ligflalbse commonly used industrially, namely treatimeith acid,
alkali, organic solvent, etc[hjpve drawbacks such as high energy consumptiomy hgedlution, low utilization rate
of raw materials. Since Swatloski et al[2] discacethat the ionic liquid [BMIM]CI can dissolve celibse, the
research on dissolution of cellulose in ionic lagigradually became a hot spot. Then, Zhang e} s¥f®hesized
the ionic liquid [AMIMICI, which had lower meltingoint and viscosity compared to [BMIM]CI and hadjlner
dissolving capacity for cellulose. Pu et al[4] fdurthat lignin can be dissolved by [HMIM][GEG;],
[MMIM][MeSO 4], [BMIM][MeSO,] and other ionic liquids. Tan et al[5] used thai®liquid [EMIM][ABS] to
extract the lignin from sugarcane bagasse, withxaraction rate of 93% at 170~190Zavrel et al[6] compared the
solubilities of 96 kinds of ionic liquids and foutidat [EMIM][Ac] had the highest dissolving capacior cellulose
while [AMIM]CI showed the highest dissolving capgcfor wood. The study conducted by Labbé et afpijnd
that [BMIM][Ac], [BMIM]CI and [EMIM][Ac] can activate lignocellulose and reduce its degree of
polymerization(DP). Among these solvents, [EMIM]Awas the most effective in breaking the cryst#lirof
lignocellulose.

A lot of research has been conducted on dissolutfdignocellulose by ionic liquids[8] and repoxs§ionic liquids
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assisting in separation of lignocellulose have algpeared recently[9]. In order to use ionic ligufdr separating
lignocellulose, firstly, the differences in dissioly capacity of the ionic liquids for lignocellu®gomponents must
be researched, namely the selective dissolutioth@fcomponents. The dissolution selectivity is aesleed; the

effect of differences in structures of ionic ligaidn solubility of lignocellulose components iséstigated; and the
potentially designable advantage of structuralgrenfince of ionic liquids is combined. This is expdcto develop

new approaches for separation of components obdigitulose. Therefore, this study selected commasBd ionic

liquids composed of four different anions to invgate the selective dissolution of the componertash stalk and

to provide reference for the separation of lignluibese components by ionic liquids.

EXPERIMENTAL SECTION

2.1 Materials

The corn stalk was obtained from the suburbs ofyang. It was pretreated by washing, drying, crughpassing
through a 40-mesh sieve and drying at®@ he clean corn stalk was analyzed and it costa@57% of cellulose,
20.7% of hemicellulose, 17.15% of lignin and 1.08P&sh content.

This work utilized a commercial ionic liquids: 14#lt3-methylimidazolium formate ([BMIM][Fo]),
1-butyl-3-methylimidazolium acetate ([BMIM][Ac]), -butyl-3-methylimidazolium propionate [BMIM][Pr] ah
1-butyl-3-methylimidazolium dicyanamide ([BMIM][DC\purchased from Shanghai Chengjie Chemical Cial).L
All ionic liquids were used as received with pua#tiof at least 95%.

2.2 Dissolution of corn stalk in ionic liquids

Three-neck round-bottom flask containing a cer@mount of ionic liquid was placed in an oil bathagnetic
stirring, vacuum and nitrogen protection devicesentben started. The corn stalk powder with a maiss of 1:20
was added and allowed to dissolve at a certain ¢espre for 24h. Then, the mixture was filterechgsa Buchner
funnel; the filtration residue was thoroughly waghdried and weighed, and it was saved for later us

2.3 Analytical methods

Cellulose, hemicellulose, lignin and ash were deteed by National Renewable Energy Laboratory’s EWR
Laboratory Analytical Procedures[10-11]. The sugancentrations were determined by high performdioed
chromatography (HPLC) (Agilent 1200 series). TheLBPwas equipped with a Carbomix Ca-NP10 column
(column temperature at 18) and refractive index detector. The mobile phasduvas HPLC grade water at a flow
rate of 0.6mL/min. All experimental data were tiverage of triplicate result, with variation smallean +5%.

2.4 Data processing
The dissolution rate of corn stalk was calculated as follows:

6= 100% (D)
Mo

Where, ng denotes the amount of corn stalk raw materialrans the amount of residue obtained after dissofutio
of corn stalk.

The dissolution rate, of component A of corn stalk is calculated asoiat:

8, =X Ca0 "M XCoe 1 0y 2
myXCpo

Where, Goand G denote the mass percentages of component A irathenaterial and the residue obtained after
dissolution, respectively.

To study the differences of the effect of ioniculids on the solubility of three components inclgdicellulose,
hemicellulose and lignin in corn stalk, the coeéfit of selective dissolution was defined with reference to the
degree of separation[12]. The coefficient of séectlissolution for component A by the ionic liqugcalculated as
follows:

— 1-Cys )/ Cus

3
A (1_ CAO )/ CAo
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RESULTSAND DISCUSSION

3.1 Dissolving capacity of ionic liquidsfor each corn stalk component
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Figure 1 The dissolution rate of corn stalk in theILsat different temperatures

Figure 1 shows the dissolution rate of corn stalldifferent ionic liquids at varying temperaturdhe figure 1
illustrates that the dissolution rate of corn stalkonic liquids increases with temperature. Thaeboxylate ionic
liquids shows higher dissolving capacity for cotallsas compared to [DCAjonic liquid. The dissolving capacity
of ionic liquids for corn stalk did not change sfgrantly with temperature in the low-temperatuegjion; however,
the dissolution rate increased rapidly with tempesmabove 8. Of all the ionic liquids, the dissolution rate of
corn stalk in [BMIM][Pr] at 140C was the highest, reaching up to 71.1%, with stitylof 3.56% (wt). However,
studies conducted by Xu et al[13] showed that tiakslity of microcrystalline cellulose in [BMIM][A] at 80C
reached up to 19.0% (wt). This indicated that theas a huge difference between microcrystallinduloede and
actual biomass; the latter was more difficult todigsolved by ionic liquids. As temperature inceshéurther, the
corn stalk became black, probably due to oxidatlegradation. Whether the lignocellulose in ioniguids
undergoes degradation at IdQor not, different research groups have obtainedihilar results, owing to the use
of varying types of lignocellulose materials anck tionic liquids. The experiments for material bakrand
enzymatic hydrolysis were carried out by regenegathe corn stalk dissolved in ionic liquid by augliwater. The
results shows that there are no significant degi@daf corn stalk in ionic liquid at 140 and were similar to
results of experiments conducted by Shill et al[14]

80

—a— [BMIM][Fo] A
0l —e— |[BMIM]||Ac] /
—A— [BMIM][Pr]
¥ [BMIM|[DCA] )
. Of x
X /. T e om
st e
2 /
Z sof / / y
= -l e
?3 ‘¥177;f/:’i4/ pa—
S ol P4
Y — v /
g =Y
30t Mg v
20 L L . L L L L
0 20 40 60 80 10 120 140 160
Temperatures /°C

Figure 2 The dissolution rate of cellulose of corn stalk in the ILsat different temperatures

Figure 2 and Figure 3 illustrate the dissolutiote raf cellulose and hemicellulose from corn stalkonic liquids at
different temperature. As seen from the two figutee overall dissolution rate of cellulose and leafiulose are
higher in three kinds of carboxylate ionic liquithen in [BMIM][DCA]. At 140°C, the dissolution rates of cellulose
and hemicellulose in [BMIM][Pr] are 74.04% and 7222, respectively. The dissolving capacity of ioligids for
cellulose is related to the ability of forming hgden bonds between the ionic liquid and the hydrokygellulose.
The stronger the receiving ability of hydrogen bewd anion in the ionic liquid, the higher the disséng capacity
of the ionic liquid for cellulose. Compared to thiher three ionic liquids, [BMIM][DCA] had the weast ability to
break the intermolecular hydrogen bonds of celkfld3]. The ionic liquids showed better dissolvirapacity for
cellulose than for hemicellulose, which was probahle to the lower hydroxyl content in hemicell@dos
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Figure 3 Thedissolution rate of hemicellulose of corn stalk in the ILsat different temperatures
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Figure4 The dissolution rate of lignin of corn stalk in the ILsat different temperatures

Due to the complex structure of lignin, there hasrbno final conclusion about the mechanism ofotlisi®n of
lignin in ionic liquids. Separation of lignin is afreat significance in the bioethanol and papeusty. Ideal
pretreatment method of the feedstock involves rengplignin from the raw material and retaining thegars (i.e.
the sum of cellulose and hemicellulose). Figuréhdws the dissolution rate of lignin in ionic ligsidit different
temperatures. The trend for lignin is clearly diéfiet from that of cellulose and hemicellulose; las temperature
increases, the dissolution rate for lignin in theee kinds of carboxylate ionic liquids initiallpdareases and then
decreased. However, the dissolution rate for lignifBMIM][DCA] increases with temperature, partlady rise
rapidly above 10@ and reaches up to 71.5% at X40which is significantly higher than the dissoluticate of
lignin in the three kinds of carboxylate ionic lida at the same temperature. The trend of dissaolutite of lignin
in carboxylic ionic liquids increasing with temparee is different than expected, which shows ttatfa the
dissolution of the biomass system by ionic liquitlse dissolution rate of the total biomass incrdaséth
temperature (Figure 1) but the preferential digsmiuof biomass components varies widely in varimusc liquids
at different temperatures.

3.2 Selective dissolution of each corn stalk component by ionic liquids

A coefficient of selective dissolutiom greater than 1 represents preferential dissoluifoifie component in ionic
liquids; o less than 1 indicates that the ionic liquid digeslother components firstiequal to or close to 1 indicates
that the ionic liquid shows no separation effica€igure 5 shows the selective dissolution of cebel in ionic
liquids at different temperatures. It can be sé@ theo of cellulose in carboxylate ionic liquids was geahan 1
in the low-temperature region (<80; however, thex of cellulose in [BMIM][DCA]for is always less than 1. The
selective dissolution of cellulose in [BMIM][Fo] driBMIM][Ac] shows a downward trend with temperatyuand
the selective dissolution of [BMIM][Pr] for cellub® decreased initially and then increases with ézatpre;
however the maximur is not greater than 1.2, which illustrated that ithnic liquids basically has no effect in the
separation of cellulose. Upon comparison of Figrand Figure 5, it is evident that the dissolutiate and
selective dissolution of cellulose in ionic liquidee not related. Selective dissolution is affedcigdhe structure of
ionic liquid, dissolution conditions, interaction$ the components, and many other factors, whiehveosrthy of
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further study.
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Figure 5 The selectivity of dissolution for cellulose at different temperature
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Figure 6 The selectivity of dissolution for hemicellulose at different temperature

The selective dissolution of carboxylate ionic ldgifor hemicellulose is different as comparedhat for cellulose;
its a generally increases with temperature. Of all tmed liquids, then of [BMIM][Pr] for hemicellulose was 1.45

at 140C, which showed some separation ability (Figure 6).
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Figure 7 The selectivity of dissolution for lignin at different temperature

Figure 7 shows the selective dissolution of iondids for lignin from corn stalk at different teematures. It
illustrated that the selective dissolution of ligtiy the three kinds of carboxylic ionic liquidstially increased and
then decreased; the selective dissolution of [BMIMJA] for lignin gradually increased with tempereduand
reachedy of up to 2.03 at 14Q, which was considerable with the separation effiday steam explosion[12]. At
this point, the corn stalk residue contained tstejar content of 71.69% and lignin content of thB4%, making it
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highly suitable for ethanol fermentation or paperduction.

The ionic liquids at varying temperatures showemificantly different dissolving capacities for éacorn stalk
component. The selective dissolution of corn stadimponents in the ionic liquids is affected by ctewp
influencing factors. Studies have shown that th@cidiquids used in this study have low performarcethe
dissolution-separation procedure for cellulose hadhicellulose from corn stalk; however, [BMIM][DCAjas a
selective dissolution coefficient of up to 2.03 foorn stalk lignin at 140, which shows good separation
performance. This suggested that further researdt be conducted to investigate the selective Wigsa of ionic
liquids in relation to their structure, physicaloperties, etc, to design appropriate ionic liquicuctures and
dissolution-separation conditions; these were ebgoedo achieve successful component separation fitwen
lignocellulose raw material.
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