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Dissolution and regeneration of rice straws with LiClI/DMSO
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Abstract: [Objective] With the straw of Oryza sativa selected as raw materials, this study is aimed at an
investigation of the dissolution behavior and regeneration characteristics of straw samples dealt with the
LiCI/DMSO solvent system. [Method] With the national standard method employed, the four samples of straw
(internode with knot, stem without knot, leaf and whole straw)were treated with the LiC1/DMSO system before
an analysis was conducted of the general chemical composition of cellulose, hemicellulose, lignin and ash. On
top of this, the effect of dissolution and regeneration of rice straw on the cellulose crystallization zone was
investigated with the crystallinity calculated employing X-ray diffraction after the yield of lignin structural units
produced by alkaline nitrobenzene oxidation was measured and the condensed degree of lignin was analyzed.
[Result] (1) Both of stem and leaf with 1.0 h ball milling could be completely dissolved in LiCI/DMSO solvent
system with a dissolution rate up to 10% even in the 8% LiC/DMSO solvent system; (2) After water
regeneration, more than 80% of the lignin could be retained with that of the stem reaching 87.5%; (3) The
cellulose crystallinity was decreased from 37.8% to 27.5% for the leaf and from 43.1% to 26.5% for the stem;
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(4) The uncondensed units of lignin of all four samples were increased, as observed in the results of alkaline
nitrobenzene oxidation. [Conclusion] (1) Both ball milling time and LiCl concentration affect the dissolution
of rice straw in LiCI/DMSO solvent system; (2) In terms of regeneration, the chemical content displays high
capacity and in comparison, that of the cellulose and lignin was the lowest in leaf sample while with a different
ash distribution, the regeneration capacity of the leaf was higher than that of the stem; (3) After ball milling, the
condensation degree of lignin decreases while the oxidation environment of nitrobenzene and homogeneous
reaction was improved; (4) After regeneration, it was showed in the X-ray diffraction analysis that the
crystalline region of cellulose was damaged to a certain extent and the crystallinity decreased. [Ch, 6 fig. 4 tab.
36 ref.]
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. Figure 1 Procedure of regeneration by LiCI/DMSO
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Figure 2 Effect of ball milling time on dissolution of rice leaf in 6% Figure 3  Effect of ball milling time on dissolution of rice stem in 6%
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Figure 4  Effect of LiCl content on LiCI/DMSO solvent system for leaf Figure 5 Effect of LiCl content in LiCI/DMSO solvent system for stem
(balling time 1.0 h) (balling time 1.0 h)
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Table 1 Chemical compositions of extractive free straw samples

L ARPi#E/(mg-g™) = HAE/ (g g™)
LNy - K53 /(mg- g ™)
AN iveis JEV N R A FH HoAh g
R 110.1 36.4 146.5 4282 153.5 35.4 617.1 165.6
AR 111.1 35.4 146.5 408.0 168.7 40.4 617.1 168.7
it 120.2 485 168.7 348.5 149.5 39.4 547.4 212.1
AT 1242 37.4 161.6 359.6 164.6 475 570.7 190.9
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EARHGE B A, SR ARG B2 2 A BRI RS A JFORE R i AE Licl
DMSO % IR RS B oA — e BB R R, o, R AN 5 25 AT R 9 ZE5FT 0 R 0T 2 R SR Y
LA REJTOR T ARG B N2 AT . FEELOR[R]#BA7 % LiC/DMSO % FIK 2 0 FAE i AR R, RV A it 2 i
3 UAE LiCUDMSO BRI R P A # P L A8 b . BREBTE]F1 LiCDMSO ¥ FI& & LiCl 1 i
AT AR JRURE AR T R T AR — R R
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Table 2 Chemical compositions of regenerated straw samples with ball milling

KT/ (mg-g ) M/ (mg- g ™)

FRAE TR Worimg-gy  BREH/%
A BB BARE  BERYR  HEM O OKRRE OB BERY9%
O E 1040 222 1263 86.3 395.9 1242 5525 89.5 53.5 89.0
AWHRIF 1050 222 1283 87.5 364.6 139.4 5404 87.7 55.6 89.9
- 1091 232 1323 80.5 313.1 1273 4565 83.5 101.0 80.5
A 109.1 23.2 131.3 81.0 332.3 1353 486.8 85.4 92.9 86.5
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LA —E BRI, AUMAL PGS T SRR AL RS AE . BEBRIE B B RE R, R BR AR oo™
VIR R R A, BRI A AUMAL B2 R — R R B BRI | W RO T A S AR S
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®3 BEEPUNHEERELTUHEER S/(V+H)

Table 3 Nitrobenzene oxidation products yields and S/(7+H) molar ratio of rice straw samples

e 82 /(mmol- g ) SI(V+H)
" I i AFF S n AR
JBE R R 1.30 1.30 1.01 1.22 0.67 0.67 0.43 0.43
BRIEE0.5 h 1.60 1.62 1.39 1.51 0.67 0.67 0.43 0.43
BREE1.0h 1.60 1.59 1.42 1.43 0.43 0.43 0.43 0.43
BRI PR AE TR 1.42 1.50 1.03 1.21 0.67 0.67 0.67 0.67
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Figure 6 X-ray pattern of original and regenerated rice straw samples with ball milling
3 A

e e rPFF R ZE BRI 1.0 h 5 249 0] 58 IR fRAE i x4 BEERNBAEEERNERE
%%ﬁﬂ‘j 6% E/:J LiCl/DMSO Ygiﬂj'ﬁx% I‘I‘I ’ YE%EQE Table 4 Crystallinity of original and regenerated rice straw samples

O BEIRF] 8%; RfiF LiCl syt m, with ball milling
L a N N e VR Y » = : 15.1 2#1‘ T § (4
BRI M FEVE A I R T A A B R, BRI ad I %
g I FFF 72 8%LiCI/DMSO ¥ I 1A 28 v 7 it 14 o e 378
B JEUR
Y BCERHEIA T 10%., ZOKFAN, R 80% ?2;3% 275
YRR, F AR AE] 87.5%; R 431
RIARTERIGLMAE , FFPA TR Z (R B R AT A5 87.5% —— s

R F AR RE R R TR R . 7RI 2R
Gy, MEHRERER . ORBRRM AR RAL L AP L DUBURTE, R R T R 4
50% PE, ELFAERE I TR AT

FEE R OR R AR G R S, FRPART RS G R RAL; MHFFRERE S, KRR &R
KRG, LML BE S BOR Z X EEREE | AARIERE T H I AITH AR R LS oo Bk, HAF
DAL BIASEE AN IR IR IRy 320 BRESHGH T AN SRR IR, ROV AR S T Hm . FE)E, &
HITA A TR MG BRIBE LA G 4P 4 R4 X 2 8 —E R IR, 455 TR

4 HHwk

[1] ZHANG Quanguo, HU Jianjun, LEE Duujong. Pretreatment of biomass using ionic liquids: research updates [J]. Renewable
Energy, 2017, 111: 77 — 84.

[2] HU Jianjun, ZHANG Quanguo, JING Yanyan et al. Photosynthetic hydrogen production from enzyme-hydrolyzed micro-
grinded maize straws [J]. Int J Hydrogen Energy, 2016, 41(46): 21665 — 21669.



https://doi.org/10.1016/j.renene.2017.03.093
https://doi.org/10.1016/j.renene.2017.03.093
https://doi.org/10.1016/j.ijhydene.2016.07.029
https://doi.org/10.1016/j.renene.2017.03.093
https://doi.org/10.1016/j.renene.2017.03.093
https://doi.org/10.1016/j.ijhydene.2016.07.029

38 EHE 11 B84, FEELE LiCI/DMSO W By i b Ak pEfg 153

(3]

(4]

(5]

(6]

[7]

(8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

KAN Xiang, YAO Zhiyi, ZHANG lJingxin, et al. Energy performance of an integrated bio-and-thermal hybrid system for

lignocellulosic biomass waste treatment [J]. Bioresour Technol, 2017, 228: 77 — 88.

KASSAYE S, PANT K K, JALIN S. Hydrolysis of cellulosic bamboo biomass into reducing sugars via a combined alkaline

solution and ionic liquid pretreatment steps [J]. Renewable Energy, 2017, 104: 177 — 184.

RALPH J, MARITA J, RALPH S, et al. Solution-state NMR of lignins[M]// ARGYROPOULOS D, RIALS T. Advances in

Lignocellulosic Characterization, Atlanta: TAPPI Press, 1999: 55 — 108.

RALPH J, MACKAY J J, HATFIELD R D, et al. Abnormal lignin in a loblolly pine mutant [J]. Science, 1997, 277(5323):

235 —239.

YOO C G, PU Y, RAGAUSKAS A J, et al. Ionic liquids: promising green solvents for lignocellulosic biomass utilization

[J]. Curr Opin Green Sustainable Chem, 2017,5: 5 — 11.

ANDRE M, KAREN G, ANA C, et al. Tonic liquids as a tool for lignocellulosic biomass fractionation [J]. Sustainable Chem

Processes, 2013, 1: 3 — 33.

WANG Hui, GURAU G, ROGERS R D. Dissolution of biomass using ionic liquids [J] Struct Bonding, 2013, 151: 79 — 105.
CATARINA F, FILIPA L, BERNARDO D R, et al. Deep eutectic solvents: overcoming 21st century challenges [J]. Curr
Opin Green Sustainable Chem, 2019, 18: 31 — 36.

SIOHOLM E, GUSTAFSSON K, PETTERSSON B, ef al. Characterization of the cellulosic residues from lithium chloride/
N, N-dimethylacetamide dissolution of softwood kraft pulp [J]. Carbohydr Polym, 1997,32(1): 57 — 63.

YANAGISAWA M, SHIBATA 1, ISOGAI A. SEC-MALLS analysis of softwood kraft pulp using LiCl/1, 3-dimethyl-2-
imidazolidinone as an eluent [J]. Cellulose, 2005, 12(2): 151 — 158.

BERTHOLD F, GUSTAFSSON K, BERGGREN R, et al. Dissolution of softwood kraft pulps by direct derivatization in
lithium chloride/N, N dimethylacetamide [J].J Appl Polym Sci, 2004, 94(2): 424 — 431.

HAN Shaoqin, LI Jialin, ZHU Shengdong, et al. Potential applications of ionic liquids in wood related industries [J].
Bioresources, 2009, 4(2): 825 — 834.

YAMAMOTO M, KURAMAE R, YANAGISAWA M, et al. Light-scattering analysis of native wood holocelluloses totally
dissolved in LiCI-DMI solutions: high probability of branched structures in inherent cellulose [J]. Biomacromolecules,
2011, 12(11): 3982 — 3988.

TAKARAGI A, MINODA M, MIYAMOTO T, et al. Reaction characteristics of cellulose in the LiCl/1,3-dimethyl-2-
imidazolidinone solvent system [J]. Cellulose, 1999, 6: 93 — 102.

MCCORMICK C L, DAWSEY T R. Preparation of cellulose derivatives via ring-opening reactions with cyclic reagents in
lithium chloride/N, N-dimethylacetamide [J]. Macromolecules, 1990, 23(15): 3606 — 3610.

RAHN K, DIAMANTOGLOU M, BERGHMANS H, et al. Homogeneous synthesis of cellulose p-toluenesulfonates in N,
N-dimethylacetamide/LiCl solvent system [J]. Die Angewandte Makromolecules Chemie, 1996, 238(1): 143 — 163.
YANAGISAWA M, ISOGAI A. Size exclusion chromatographic and UV-VIS absorption analyses of unbleached and
bleached softwood kraft pulps using LiCl/1,3-dimethyl-2-imidazolidinone as a solvent [J]. Holzforschung, 2007, 61(3):
236 —241.

PETRUS L, GRAY D G, BEMILLER J N. Homogeneous alkylation of cellulose in lithium chloride/dimethyl sulfoxide
solvent with dimsyl sodium activation, a proposal for the mechanism of cellulose dissolution in LiCl/Me,SO [J].
Carbohydr Res, 1995, 268(2): 319 — 323.

ZHANG Xueqin, CHEN Mingjie, LIU Chuanfu, et a/. Dual-component system dimethyl sulfoxide/LiCl as a solvent and
catalyst for homogeneous ring-opening grafted polymerization of epsilon-caprolactone onto xylan [J]. .J Agric Food Chem,
2014, 62(3): 682 — 690.

WANG Zhiguo, YOKOYAMA T, CHANG Houmin, et al. Dissolution of beech and spruce milled woods in LiCI/DMSO
[J]. J Agric Food Chem, 2009, 57(14): 6167 — 6170.

RICHH, FIT G, 404 I, 25, BT e R R BT MR BUR 20 B U715 0], #ri RO 22441, 2020, 37(2): 335 -
342.

WU Wenjuan, YAN Xueqing, ZOU Chunyang, et al. A isolation method of lignin from bamboo based on complete
dissolution [J]. J Zhejiang A&F Univ, 2020, 37(2): 335 — 342,


https://doi.org/10.1016/j.biortech.2016.12.064
https://doi.org/10.1016/j.renene.2016.12.033
https://doi.org/10.1126/science.277.5323.235
https://doi.org/10.1016/j.cogsc.2017.03.003
https://doi.org/10.1186/2043-7129-1-3
https://doi.org/10.1186/2043-7129-1-3
https://doi.org/10.1016/j.cogsc.2018.12.003
https://doi.org/10.1016/j.cogsc.2018.12.003
https://doi.org/10.1016/S0144-8617(96)00129-4
https://doi.org/10.1007/s10570-004-0866-8
https://doi.org/10.1002/app.20697
https://doi.org/10.1021/bm201211z
https://doi.org/10.1023/A:1009208417954
https://doi.org/10.1021/ma00217a011
https://doi.org/10.1002/apmc.1996.052380113
https://doi.org/10.1515/HF.2007.046
https://doi.org/10.1016/0008-6215(94)00330-I
https://doi.org/10.1021/jf4036047
https://doi.org/10.1021/jf900441q
https://doi.org/10.11833/j.issn.2095-0756.2020.02.019
https://doi.org/10.1016/j.biortech.2016.12.064
https://doi.org/10.1016/j.renene.2016.12.033
https://doi.org/10.1126/science.277.5323.235
https://doi.org/10.1016/j.cogsc.2017.03.003
https://doi.org/10.1186/2043-7129-1-3
https://doi.org/10.1186/2043-7129-1-3
https://doi.org/10.1016/j.cogsc.2018.12.003
https://doi.org/10.1016/j.cogsc.2018.12.003
https://doi.org/10.1016/S0144-8617(96)00129-4
https://doi.org/10.1007/s10570-004-0866-8
https://doi.org/10.1002/app.20697
https://doi.org/10.1021/bm201211z
https://doi.org/10.1023/A:1009208417954
https://doi.org/10.1021/ma00217a011
https://doi.org/10.1002/apmc.1996.052380113
https://doi.org/10.1515/HF.2007.046
https://doi.org/10.1016/0008-6215(94)00330-I
https://doi.org/10.1021/jf4036047
https://doi.org/10.1021/jf900441q
https://doi.org/10.11833/j.issn.2095-0756.2020.02.019

154 RN/ NI NI e 14 202142 20 H

[24] GU Feng, WU Wenjuan, WANG Zhiguo, et al. Effect of complete dissolution in LiCI/DMSO on the isolation and
characteristics of lignin from wheat straw internode [J]. Ind Crops Prod, 2015, 74: 703 — 711.

[25] DENCE C W, LIN S Y. Introduction in methods in lignin chemistry[M]//LIN S Y, DENCE C W. Methods in Lignin
Chemistry. Berlin: Springer Verlag Press, 1992: 31 — 66.

[26] BORCHARDT L G, PIPER C V. A gas chromatographic method for carbohydrates as alditol-acetates [J]. TAPPI, 1970,
53: 257 — 260.

[27] CHEN C L. Nitrobenzene and cupric oxide oxidations in methods in lignin chemistry[M]// LIN S Y, DENCE C W.
Methods in Lignin Chemistry. Berlin: Springer-Verlag Press, 1992: 301 — 321.

[28] SEGAL L, CREELY J J, MARTIN A E, et al. An empirical method for estimating the degree of crystallinity of native
cellulose using the X-ray diffractometer [J]. Textile Res J, 1959, 29(10): 786 — 794.

(29 JAI, Gkl sRISE R, 4. A /A A POUAL BHOG R o A2 i o0 B g PR RE RO SR 1) 2P 4 =B 7 530K, 2010, 18(2): 1 -
10.
JING Lei, JIN Yongcan, ZHANG Houmin, et al. Effects of auto-hydrolysis of rice straw on its chemical composition and
enzymatic hydrolysis [J]. J Cellul Sci Technol, 2010, 18(2): 1 - 10.

[30] FUJIMOTO A, MATSUMOTO Y, CHANG H M, et al. Quantitative evaluation of milling effects on lignin structure during
the isolation process of milled wood lignin [J].J Wood Sci, 2005, 51(1): 89 — 91.

[31] HU Zhoujian, YEH Tingfeng, CHANG Houmin, et al. Elucidation of the structure of cellulolytic enzyme lignin [J].
Holzforschung, 2006, 60(4): 389 — 397.

[32] MIN D Y, JAMEEL H, CHANG H M, et al. The structural changes of lignin and lignin-carbohydrate complexes in corn
stover induced by mild sodium hydroxide treatment [J]. RCS Adv, 2014, 4(21): 10845 — 10850.

[33] IKEDA T, HOLTMAN K, KADLA J F, et al. Studies on the effect of ball milling on lignin structure using a modified
DFRC method [J]. J Agric Food Chem, 2002, 50(1): 129 — 135.

[34] GHAFFAR S H, FAN M Z. Structural analysis for lignin characteristics in biomass straw [J]. Biomass Bioenergy, 2013,
57:264 —279.

[35] TAN Xuesong, ZHANG Quan, WANG Wen, et al. Comparison study of organosolv pretreatment on hybrid pennisetum for
enzymatic saccharification and lignin isolation [J]. Fuel, 2019, 249(1): 334 — 340.

[36] DASH M, MOHANTY K. Effect of different ionic liquids and anti-solvents on dissolution and regeneration of Miscanthus

towards bioethanol [J]. Biomass Bioenergy, 2019, 124: 33 — 42,


https://doi.org/10.1016/j.indcrop.2015.06.002
https://doi.org/10.1177/004051755902901003
https://doi.org/10.3969/j.issn.1004-8405.2010.02.001
https://doi.org/10.3969/j.issn.1004-8405.2010.02.001
https://doi.org/10.1007/s10086-004-0682-7
https://doi.org/10.1515/HF.2006.061
https://doi.org/10.1021/jf010870f
https://doi.org/10.1016/j.biombioe.2013.07.015
https://doi.org/10.1016/j.biombioe.2019.03.006
https://doi.org/10.1016/j.indcrop.2015.06.002
https://doi.org/10.1177/004051755902901003
https://doi.org/10.3969/j.issn.1004-8405.2010.02.001
https://doi.org/10.3969/j.issn.1004-8405.2010.02.001
https://doi.org/10.1007/s10086-004-0682-7
https://doi.org/10.1515/HF.2006.061
https://doi.org/10.1021/jf010870f
https://doi.org/10.1016/j.biombioe.2013.07.015
https://doi.org/10.1016/j.biombioe.2019.03.006

