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ABSTRACT

This paper makes study of microwave pulping process for rice straw in basic ionic liquid [ NH-(C,H,OH)4] *. lonic
liquid is synthesized and the experiments are carried out on pulping process. The pulp yields are close to 40%. It
belongs to the high yield chemical pulp. The average recovery rate of ionic liquid is 94%, which makes pulping
process no pollution, that is, no black liquor. Test results show that the paper properties satisfy the general
requirements of paper. XRD result indicates that rice straw cellulose crystal type is no obvious change after ionic
liquid microwave cooking pulping. The damage degree of rice straw fiber is small. SEM analysis shows that the
basic ionic liquid has a strong penetration under the supplementary role of microwave radiation. There is no
significant difference for pulp fiber morphology by microscope observation after cooking pulping as well as and
fiber length&width detection. These results show that the microwave pulping process for rice straw in basic ionic
liquid isin line with the grasses pulping characteristics.
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INTRODUCTION

Traditional pulping technology is not only a wasfedrug resources, large energy consumption, hiagh, serious
pollution, and the reaction time is long, the pyipld is low [1-3]. So it makes the pulp and pajdustry
development hindered seriously. For traditionalanig solvent pulping process, it generally usesflinmmable
solvents with low boiling point as cooking agemt.the pulping process, low boiling point solvenedsg generally a
higher pressure [4-8]. lonic liquid is a new typlegoeen solvents, which has strong dissolving gbilow vapor
pressure and other superior performances. lonigidg) are used as pulping cooking agent for pulpamgl
papermaking process, it will eliminate black ligd@idm the source of pollution, and make straw pyigen pulping
process [9-11]. This paper researches the microwauping process for rice straw in basic ionic ldju
[NH-(C,H,OH),]", tests the physical properties of paper sheet,amadlysizes the change of cellulose crystal type
and fiber morphology in pulping process. Resultsvsithat the microwave pulping process for ricewstma basic
ionic liquid is in line with the grasses pulpingathcteristics. The grasses solvent pulping withicidiquids to
replace the traditional organic solvent will becoaeew research direction to improve the pulpiracpss.
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EXPERIMENTAL SECTION

2.1 Materials

Triethanolamine, chemically grade, from Tianjin ofieal reagent wholesale company; ice acetic acitiasolute
ethyl alcohol, analysis of pure, from Tianjin Funh€hemical Reagent Factory; rice straw, from pgpand
papermaking laboratory of Tianjin University of 8cce and Technology.

2.2. Synthesisionic liquid

Put solvent absolute ethyl alcohol into 250ml thmemuth flask, which contains a stirrer, thermomessd
condenser. Then add triethanolamine and ice aaeiit(molar ratiol:1.1) which are preheated &@€29 he adding
sequence is that adds triethanolamine firstly, thygens stirrer, and drops of ice acetic acid slofter ice acetic
acid being dropped completely, the reactants kesgrting 20h under room temperature. After ioniauitiq
[NH-(C,H,OH)4]" is synthesized, it will be diluted to 70% (masacfion), and put in brown reagent bottle. This is
the cooking liquor.

2.3 Microwave cooking experiments [12,13]

Put a clean rice straw and ionic liquid in a reaateide microwave oven. After cooking, put thesrgtraw pulp into
200 mesh filter bag, rinse repeatedly it with disti water and squeeze out cooking liquor in the: dmansfer liquid
phase to a beaker, remain still for a period ofktimignin is separated out again by centrifugalasetion after a
large amount of precipitate being separated ous.rihsed repeatedly with distilled water, driedlaveighed. lonic
liquid is recycled by filtering, washing, distillah, drying, weighing after cooking pulping.

2.4 Fiber-pulp-treatment

Rice straw fiber being washed is screened usingreqoulp screen (the seam width of 0.2 mm), angdtelted to
the pulp concentration of about 25% in the clotly.bafter moisture of pulp stock gets equilibriungating pulp
using a Beater(ZQS2-23, machinery factory of Nogbwinstitute of Light Industry, China) until bewi pulp
concentration 10%, beating pulp degree of 45°S&) ttefibering it 15000-turn with standard deflaker.

2.5 Paper physical propertiestest

Using standard paper sheet forming device (7407&8;i3vVEngineering Ltd, UK), the ration of papermakis 60

g/n? page sheet according to TAPPI method. Formed st is dried on a drum dryer after going throBighin

front and 3 min back surfaces press. Handshedaégg@ in the environment of constant temperatuck ramidity
(23+1°C; 50+2%RH 4 hours, then tested physical performances [144¢gording to the national standard GB/T

2679.5-1995/1989, paper physical properties areedeby Swedish L&W company determinators of buggtin

strength, tearing strength and breaking length.

2.6 SEM scanning and XRD diffraction analysis

XRD (TD-3500, Dandong Tongda Technology Co., LTOhir@) surveys cellulose crystal type changes after
cooking pulping. The fiber structure and morpholatparacteristics of rice straw can be observedtiyl EM-30,
Beijing Kusaimu Scientific Instruments Marketing r@er, China) scanning as well as a Universal Rebkear
Microscope after ionic liquid cooking pulping.

RESULTSAND DISCUSSION

3.1 Microwave cooking experiments and Paper perfor mance test

Put 30g (1.5cm) rice straw and ionic liquid[NHHGOH);]+ into the reactor according to solid-liquid rat6 1:5.

Microwave power is 350W, cooking time is 30min. Ry experiments are repeated three times at atmeosp
pressure and reflux conditions. The pulp yieldscdwee to 40%. The average recovery rate of iagidd is 94% by
three parallel experiments. The results are shovirable 1.

Table 1 Cooking experiment results of pulping process

Experiment 1 2 3 Average
pulp yield (%) 38 39 41 39.3
Recovery rate of ionic liquid (%) 93 95 96 94.5

The pulp yield of rice straw cooking pulping in iotiquid is higher than conventional chemical potpdue to the
unique properties of ionic liquid dissolving ligni@ooking agent ionic liquids can be recycled, whiwercome its
disadvantage of the expensive and make pulpingegsono pollution, that is, no black liquor. Thesevp that this
method can not only greatly shorten the cookingetitmprove the efficiency of cooking, and speediqythe
chemical reaction and dissolution of lignin. Thi#l wrovide a new development space for the pulpgrandustry.
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Paper sheet of experiment preparation is showiguar& 1. Results of paper physical propertiesaestdisplayed in
Table 2. Test results show that paper propertigsfgshe general requirements of paper.

Table 2 Paper physical propertiestest

test item results test item results
tearing index 1.72mN-fty  lignin content 18%
brust index 0.81kpa-fiy a tightness 0.43 ghum
breaking length 1.8km polymerization degree 781
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Figurel Paper picture of experiment preparation Figure 2 XRD diffraction pattern of pulp fibers

3. 2 XRD diffraction analysis

The rice straw pulp fibers are analyzed by XRDraft&rowave cooking, as shown in Figure 2. Theswatteristic
diffraction peaks (2 =15.554 °, 20 =21.842 °) corresponded to standard spectrum ahagsf (Itype natural
cellulose. It illustrates that rice straw cellulosgystal type is no obvious change after ionic iliqmicrowave
cooking pulping. The damage degree of rice straerfis small.

3.3 SEM scanning pulp fiber
The paper sheet fibers are scanned by SEM afteowéwve cooking, which is shown in Figure 3.

We can see that crosslinking degree of paper filsebgtter and fiber shape is more complete. Mbdibers are
relatively stiff, part of them appear different deg of curl and kink. This could be due to basigidoliquid
[NH-(C2H40H)3]+ has a strong penetration underghpplementary role of microwave radiation. That ezagart
of the cell wall peel and fibers come up the d@amale phenomenon. As fiber cell wall thinning anfreess
decrease, some fibers are no longer a tubulag btitp shape, therefore they are easy to curkanid

Figure 3 SEM scanning pattern of paper fiber Figure 4 Fiber mor phology of paper pulp

3.4 Analysisfiber morphology of paper pulp

The fiber morphology of paper pulp is observed wraléniversal Research Microscop after microwavekom
rice straw in basic ionic liquid, as shown in Figut. It is seen from Figure 4 that there is noificant difference
for pulp fiber morphology, and fibers are small @od, which are in line with straw pulp charactéas.

3.5 Length-width distribution of fibers

The pulp fibers are dispersed by beating pulp afterowave cooking. The fiber length of the pulpdistected
0.552mm, fiber width 21,8n. Length-width distribution of fibers is shown kigure 5,6. The figures show that the
pulp fibers are mainly fine ones after basic idiaid microwave cooking rice straw pulping.
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CONCLUSION

1. The pulp yields are close to 40% in microwavdping process for rice straw in basic ionic liquid
[NH-(C,H,OH)s]* when microwave power 350W, cooking time 30 mirbdlongs to the high yield chemical pulp.
The average recovery rate of ionic liquid is 94%ijol makes pulping process no pollution, that gsptack liquor.
These prove that this method can not only gredityten the cooking time, improve the efficiencycobking, and
speeding up the chemical reaction and dissolutfdigioin. The paper properties satisfy the genesguirements of

paper.

2. XRD indicates that cellulose crystal type idl gibssessed the configuration lofype cellulose after microwave
cooking rice straw in basic ionic liquid, as thengaas natural rice straw cellulose crystal typeMSfattern shows

that basic ionic liquid [NH-(@H.OH);]" has a strong penetration under the supplementdey af microwave

radiation. That makes part of the cell wall peal #nin. As fibers come up the devillicate phenomeand stiffness

decrease, some fibers is no longer a tubular, btriashape.

3. There is no significant difference for pulp fitmorphology by a Universal Research Microscop nla®n after
basic ionic liquid microwave cooking rice strawdafibers are small and soft, which are in line wsthaw pulp
characteristics. The pulp fibers are disperseddatibg pulp after microwave cooking. The fiber lngf the pulp
is detected 0.552mm, fiber width 2fir8. The pulp fibers are mainly fine ones.
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