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ABSTRACT

In this paper, the pulping process of wheat straw in the acidic ionic liquid N - methyl imidazole hydrosulfate is
analyzed. The pulp yields can be stabilized at about 50% under the optimum process conditions by 3 times repetitive
verification experiments. The boiling solvent ionic liquid can be recycled repeatedly, and its average recovery is
89.2%. Effects of cooking temperature and time on delignification and the lignin structure change are discussed by
the infrared examines during the pulping process. XRD diffraction analysis of cooked wheat straw pulp fibers
indicates that the cooking process is mild without causing damage to the cellulose. Delignification reaction kinetics
of the ionic liquid N - methyl imidazole hydrosulfate cooking wheat straw pulping has been carried on preliminary
discussion.
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INTRODUCTION

Traditional pulping technology is the general methehich is applicable to non wood fiber pulping gees [1-3].
This method is not only a waste of drug resourlzge energy consumption, high cost, serious pohutand the
reaction time is long, the pulp yield is low. Sanakes the pulp and paper industry developmentissyi hindered
[4-9]. The grasses solvent pulping with ionic lidsiito replace the traditional organic solvent wélcome a new
research direction to improve the pulping procdss12]. Researches have shown that the ionic lgjhiave a
stable performance, no pollution, easy to recyate can increase reaction rate, reveal good catglgtformance
in the homogeneous reaction medium experimentd §13This paper studies the pulping process of whegaw in
acidic ionic liquid N- methyl imidazole hydrosuléatEffects of cooking temperature and time on aéiication and
the lignin structure change are discussed by tfrargd examines during the pulping process. Theguigitation
process is discussed under the different cookimgpégature and time variables.

EXPERIMENTAL SECTION

2.1 Materials

N- methyl imidazole, chemical grade, Tianjin cheahiceagent wholesale company; concentrated sulfacid,
chemical grade, Tianjin North Tianyi Chemical Reageactory; sodium hydroxide, analysis of purenfrdianjin
Fuchen Chemical Reagent Factory; wheat straw, fsalping and papermaking laboratory of Tianjin Umiity of
Science and Technology.

2.2. Synthesisionic liquid

Add a certain amount of N - methyl imidazole inedwmouth flask, and drip equimolar concentratetusalacid
under the condition of ice water bath. Stir ancctdéar 24 h at 10C. Then wash it repeated with a small amount of
ethyl acetate. The pale yellow transparent stickyci liquid is obtained after rotary evaporatiom ascuum drying
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at 80C.

2.3 Wheat straw cooking pulping
Cut wheat straw to 2-3 cm pieces and put it ingeslier. Add N - methyl imidazole hydrosulfate ldjaiccording to
a certain ratio of liquid-solid. Analyze the effedf different cooking temperature and time vaealidn wheat straw

pulping [16].

2.4 Separating lignin and recycling ionic liquid

After cooking, put the wheat straw pulp into 200simdilter bag, and make ionic liquid separated. rThiase
repeatedly wheat straw pulp with distilled waterarisfer liquid phase to a beaker, let it still foperiod of time.
Make centrifugal separation after the precipitaéén separated out. The filtrate pH is adjustedtrabafter the
precipitate separated out undergoing alkali-solubdg@aration, acid-soluble. Lignin is separatedagatin in neutral
solution. It is rinsed repeatedly with distilledterg dried and weighed. lonic liquid is recycledfiiering, washing,
distillation, drying, weighing after cooking pulgn

25 Infrared and XRD diffraction analysis

Infrared spectrum are carried out using KBr pellatgl recorded on WQF-510 FTIR spectrophotometex, th
instrument resolution of 4 cm - 1, the scanning bemis 16, the scanning range is 500 ~ 4200 cm XRD
(TD-3500, Dandong Tongda Technology Co., LTD, Chisarveys cellulose crystal type changes after icapk

pulping.
RESULTSAND DISCUSSION

3.1 lonicliquid N - methyl imidazole hydrosulfate cooking wheat straw pulping

Effects of cooking variable on pulping process hbeen researched by single factor and orthogonadrerents.

Based on calculating pulp yield and analysis ofjeaR, we obtained that the influence degree obuarfactors on
pulp yield was cooking temperature > liquid-solatio > cooking time. Verification experiments refgeh3 times

under the condition of temperature 130liquid-solid ratio 8:1, time 30min, and the avgegoulp yield is 50%. The
average recovery rate of ionic liquids is 89.2%Htrge parallel experiments.

3.2. Infrared spectroscopic analysis
3.2.1 The influence of cooking temperature on itpeith structure
The infrared spectra of lignin are shown on Figliadter cooking time 30 min, when liquid-solid mi$ 8:1, wheat
straw cooking temperature 100 130C and 140C respectively. Figure 1 shows that (1) at 3400 (trstretching
vibration relative strength of hydroxyl (OHreflects that the dissolubility of lignin appeding tendency of increase
gradually as cooking temperature. It can be founad higher temperature is advantageous to thenligernoval; (2)
at 1600 (cmY), the relative absorption strength of carbony© mainly ester bond carbonyl) has a little change
with temperature; (3) at 1421 (cr), methoxy C-H vibration increases gradually wigmperature rise. It shows
that higher temperature is advantageous to the vahud methoxyl group; (4) at 1262 and 835 (ct) it can be
seen that vibration relative strength of guaiagplet lignin decreases with temperature rise, andstrength of
vibration at low temperature is bigger. It explaihat guaiac lignin is easy to dissolve out asnttaén composition
of lignin, and decompose gradually with the inceeatemperature. That causes its strength witeeced.
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FigurelLignin IR spectra under different temperature Figure2 Lignin IR spectra under different time

3.2.2 The influence of cooking time on the lignirusture
The infrared spectra of lignin are shown on FigRreshen liquid-solid ratio is 8:1 cooking temperature 130,
cooking time 20min, 35min, 40min respectively. Fig2 shows that (1) at 3400 (cm), stretching vibration
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relative strength of hydroxyl (OH reflects that the relative intensity appears tiwedency of decrease as the
extension of cooking time. It can be found thatltgein is decomposed and hydroxy damaged as ttension of
cooking time; (2) at 1600 (ch), the relative absorption strength of carbonyl{@© mainly ester bond carbonyl)
reflects that quantity of hydroxyl lignin separatigradually increases with the extension of cookimge and its
content is nearly constant after 35 min; (3) at evaumbers of 1330 and 1120-1124 (ciy relative vibration
strength of lilacs type lignin can reflect that ttedative strength of lilac aldehyde decreases gty It explains
that a large number of lilacs type lignin has bdisolved into the cooking liquor at the beginnafighe reaction.
The lilacs type lignin dissolved out comes up toaiepose at a certain extent as the extension dirmgdime; (4)

at 1262 (cm*) and 835 (cr"), it can be seen that the vibration relative sjterof guaiacol type lignin has a little
change with the extension of time.

3.3 XRD diffraction analysis

Pulp fibers are carried on XRD diffraction scanniiger cooking. Effects of ionic liquid N- methyiidazole
hydrosulfate on cellulose crystal type are inspatecooking wheat straw process. The results laogvs in figure
3. The characteristic diffraction peak (2=22.499 °) corresponds to standard diffractiontguat of natural
cellulose[17]. It indicates that the ionic liquiddcertain effect to dissolve cellulose. The py@pginocess is mild
without causing damage to the cellulose.
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Figure 3 XRD analysisof pulp fibers

3.4 Delignification reaction kinetics

The condition of removal lignin with ionic liquic imild, only under the normal pressure. lonic kitjoan dissolve
lignin of wheat straw, and react with dissolvechiigas the reaction reagent at the same time, wtacise lignin
decomposition. Kinetics experiments are carriedregpectively in 8@, 90C, 100C, 110C, 12 C, 130C for
ionic liquid N - methyl imidazole hydrosulfate can§ wheat straw pulping. The percentage changegoin
quality relative to dry raw material over time aneasured before and after wheat straw cooking.rébelts are
shown in table 1.

Table 1 Thelignin concentration in pulp

L 80C 90C 100C 110C 120C
Omin 0.318 0.318 0.318 0.318 0.318
10min 0.288 0.268 0.258 0.218 0.198
15min 0.279 0.258 0.251 0.178 0.158
20min 0.268 0.248 0.248 0.173 0.148
25min 0.258 0.241 0.208 0.158 0.138
30min 0.228 0.198 0.138 0.153 0.078

The linear fitting equations between -dL/dt anchiigcontent L at different temperatures are obthime differential
processing of the data in Table 1. Results are sHawable 2. These fitting coefficients are velyse to 1. This
proves again that the reaction is first order. Whenking temperature rises, the lignin removal redestants
increase. That is to say high temperature is moneucive to delignification.

833



Zongyu Liu et al J. Chem. Pharm. Res,, 2015, 7(5):831-835

Table 2 Regression equations of lignin removal rate and kinetics

T/C relation R’
80 -dL/dt =0.0306L-0.0333 0.9563
90 -dL/dt =0.033L-0.3414 0.9732
100 -dL/dt =0.0417L-0.401 0.9735
110 -dL/dt =0.039L-0.2373 0.9918
120 -dL/dt =0.0435L-0.1399 0.9798
130 -dL/dt =0.0478L+0.0367 0.9856

Relationship between the reaction rate constandkr@action temperature is consistent with Arrhgfdi8] formula,

E
Ink =Ink, ——2
namely RT where k—reaction rate constant, firk—frequency factor, mify Ea—reaction
activation energy, kJ/mol; T—reaction temperatireR—universal gas constant, 8.314J/(md).

Make removal rate constant k linear fitting abouf lIn order to calculate activation energy. Equatio
Ink=0.1269-1280.1/T is obtained after linear regies, its fitting coefficient Ris 0.9972. The activation energga
is calculated to be 10.645 kJ- Mdly substitution the gas constant into this equatio

CONCLUSION

(1) pulping experiments give that the pulp yields canshabilized at about 50% under the optimum process
conditions (temperature 130, liquid-solid ratio 8:1, time 30min), which belong high yield chemical pulp. The
boiling solvent ionic liquid can be recycled repaty, and its average recovery is 89.2%.

(2) It can be found that the guaiac lignin is the magredients of wheat straw lignin by the infrarecmines
lignin structure change in the process of cookarg] easy to be removed in pulp cooking. XRD ditiatanalysis
indicates that the ionic liquid N- methyl imidazdlgdrosulfate has certain effect to dissolve ce#iel and the
pulping process is mild without causing damagéeodellulose.

(3) lonic liquid can dissolve lignin of wheat straw,dareact with dissolved lignin as the reaction reage the
same time, which cause lignin decomposition. Tinetics experiments present that delignificatiorctiea kinetics
of acidic ionic liquid N- methyl imidazole hydrodate cooking wheat straw pulping is first ordegr#into fitting
coefficient R is 0.9972, and its reaction activation energy0i$45 kJ- mol-1.
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