














	 Home
	 Add Document
	 Sign In
	 Register





























Lignin Depolymerization to Dicarboxylic Acids with Sodium 

	Home 
	Lignin Depolymerization to Dicarboxylic Acids with Sodium


















May 25, 2017 - Lignin depolymerization to dicarboxylic acids (DCAs) by the one-step Fenton oxidation process results in poor yield and significant amo... 






 0 downloads
 14 Views
1MB Size







 Download PDF 










































Recommend Documents














Lignin Depolymerization to Dicarboxylic Acids with Sodium 


May 25, 2017 - Bioproducts, Science & Engineering Laboratory, Washington State University, 2710 Crimson Way, Richland, Washington, United States. âˆ‡ School of Chemistry, Physics and Mechanical Engineering, Queensland University of Technology, 2 Geor










 









Lignin Depolymerization to Dicarboxylic Acids with Sodium 


... Engineering, Queensland University of Technology, 2 George Street, Brisbane, QLD, Australia. ACS Sustainable Chem. Eng. , 2017, 5 (7), pp 6253â€“6260. DOI: 10.1021/acssuschemeng.7b01208. Publication Date (Web): May 25, 2017. Copyright Â© 2017 Ame










 









Lignin Depolymerization to Dicarboxylic Acids with ... - ACS Publications 


May 25, 2017 - Lignin Depolymerization to Dicarboxylic Acids with Sodium Percarbonate. Dylan J. Croninâ€ â€¡ , Xiao Zhangâ€¡, John Bartleyâˆ‡, and William O. S. ...










 









Lignin Depolymerization with Nitrate-Intercalated Hydrotalcite 


Jan 13, 2016 - These reactors contain a cup-shaped 0.5 Î¼m filter basket that could effectively ...... Proceedings of the 3rd Biomass Conference of the Americas, Montreal, ...... ACS Sustainable Chemistry & Engineering 2017 5 (8), 7155-7164.










 









Lignin Depolymerization with Nitrate-Intercalated Hydrotalcite 


Jan 13, 2016 - In contrast, other anions or transition metals do not enhance catalytic activity in comparison to blank HTC. The catalyst is not active for Câ€“C ...










 









Lignin Depolymerization with Nitrate-Intercalated Hydrotalcite 


Jan 13, 2016 - Hydrotalcites (HTCs) exhibit multiple adjustable parameters to tune catalytic activity, including interlayer anion composition, metal hydroxide layer composition, and catalyst preparation methods. Here, we report the influence of sever










 









Lignin Depolymerization with Nitrate-Intercalated ... - ACS Publications 


Jan 13, 2016 - Hydrogen and Transportation Systems Center, National Renewable Energy ... Shell Global Solutions, Inc., Shell Technology Center, Houston, ...










 









Condensations by Sodium. V. Preparation of Acids. Dicarboxylic Acids 


iiiteraction of sodium, organic halides, and carbon ... 40 to 600 pounds in benzene as a solvent. An ... the results obtained for a number of aliphatic ... ACIDS FROM MONOHALOGEN COMPOUNDS ... .49 .22". 50 700. 107 Slight. Slight m-Chlorotoluene. 0.3










 









dicarboxylic acids 


Jan 1, 1992 - However, on consulting the Handbook of Chemistry and. Physics (2) I was ... to fit the data for the odd and even members. As the chain.










 









Selective Production of Organic Acids and Depolymerization of Lignin 


Jan 7, 2011 - Considering the rigid structure of lignin, we have developed a new method to recover chemicals from lignin under severe conditions. This method is the hydrothermal oxidative ... Citation data is made available by participants in Crossre










 


















Subscriber access provided by Binghamton University | Libraries
 
 Article
 
 Lignin Depolymerization to Dicarboxylic Acids with Sodium Percarbonate Dylan John Cronin, Xiao Zhang, John P. Bartley, and William O. S. Doherty ACS Sustainable Chem. Eng., Just Accepted Manuscript • Publication Date (Web): 25 May 2017 Downloaded from http://pubs.acs.org on May 27, 2017
 
 Just Accepted “Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted online prior to technical editing, formatting for publication and author proofing. The American Chemical Society provides “Just Accepted” as a free service to the research community to expedite the dissemination of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts appear in full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been fully peer reviewed, but should not be considered the official version of record. They are accessible to all readers and citable by the Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered to authors. Therefore, the “Just Accepted” Web site may not include all articles that will be published in the journal. After a manuscript is technically edited and formatted, it will be removed from the “Just Accepted” Web site and published as an ASAP article. Note that technical editing may introduce minor changes to the manuscript text and/or graphics which could affect content, and all legal disclaimers and ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors or consequences arising from the use of information contained in these “Just Accepted” manuscripts.
 
 ACS Sustainable Chemistry & Engineering is published by the American Chemical Society. 1155 Sixteenth Street N.W., Washington, DC 20036 Published by American Chemical Society. Copyright © American Chemical Society. However, no copyright claim is made to original U.S. Government works, or works produced by employees of any Commonwealth realm Crown government in the course of their duties.
 
 Page 1 of 34
 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
 
 ACS Sustainable Chemistry & Engineering
 
 Lignin Depolymerization to Dicarboxylic Acids with Sodium Percarbonate Dylan J. Cronin,*,†,‡ Xiao Zhang, ‡ John Bartley,∇ and William O.S. Doherty † * email: [email protected] †
 
 Centre for Tropical Crops and Biocommodities, Queensland University of Technology, 2
 
 George St, Brisbane, QLD ‡
 
 Bioproducts, Science & Engineering Laboratory, Washington State University, 2710 Crimson
 
 Way, Richland, WA ∇
 
 School of Chemistry, Physics and Mechanical Engineering, Queensland University of
 
 Technology, 2 George St, Brisbane, QLD
 
 KEYWORDS: lignin depolymerization • dicarboxylic acids • Fenton oxidation • sodium percarbonate • aromatics
 
 ACS Paragon Plus Environment
 
 1
 
 ACS Sustainable Chemistry & Engineering
 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
 
 Page 2 of 34
 
 ABSTRACT: Lignin depolymerization to dicarboxylic acids (DCAs) by the one-step Fenton oxidation process results in poor yield and significant amounts of residual solids. A process based on the use of sodium percarbonate on bagasse lignin depolymerization was conducted at 60 – 300 °C, for 1 - 6 h.
 
 This approach resulted in significantly higher DCA yields
 
 (predominantly oxalic, malonic and succinic acids), without the formation of char, when compared to the acidic H2O2/chalcopyrite process. This was in part due to the effectiveness of the alkaline reaction medium in suppressing the thermal degradation of DCAs during processing. It was determined that further increasing the alkaline content of the reaction mixture significantly improved DCA yield. When applying this process at 200 °C for 3 h, using 1 M NaOH (in addition to 0.6 M sodium percarbonate) increased DCA yield by 85%. The process developed was applied to the lignin model compounds; guaiacol, vanillic acid and p-hydroxybenzoic acid. It was demonstrated that the degradation pathways and product ratios of these compounds differed, implying an influence of lignin monomer ratio on the DCA product range. DCAs produced from this process have the potential to be used in the industrial production of green insecticides, fungicides and disinfectants.
 
 INTRODUCTION Due to its highly aromatic nature, there has been significant interest in lignin depolymerization to low molecular weight aromatic compounds (LMWACs) additives
 
 3-4
 
 1-2
 
 , other chemicals, and fuel
 
 using various photochemical, mechanochemical, biochemical and thermochemical
 
 conversion processes.
 
 One of the most common approaches for lignin valorization is via
 
 thermochemical processes involving either hydrothermal liquefaction (HTL) or pyrolysis. There
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 are several key problems associated with this approach however, the most significant being the non-selectivity of the process, the wide range of compounds produced in low yields, and the significant quantity of char formation 5. There is now increasing interest in the conversion of lignin to DCAs, rather than LMWACs 6-9. In a 2004 report by the US Department of Energy 10, 12 key product classes were identified as potential top value-added chemicals which could be derived from biomass. The first of these was four carbon (C4) DCAs, specifically; succinic, fumaric, and malic acids. In the 12 years since this report was published, the interest and viability of the industrial production of DCAs from biomass has grown significantly. One potential application of DCA mixtures, which avoids the issues of recovery of individual components and low yield, is for their use as green alternatives to commercial insecticides, disinfectants, and antifungal fertilizer products 11-12. Current processes used for the production of C4 DCAs rely on petroleum-based feedstocks, which are generally broken down via catalytic oxidation
 
 13-14
 
 . Sustainable feedstock-based
 
 approaches are required and have generally been attempted using a biological depolymerization approach 15-16. More recently however, work in this field has favored either a thermochemical 6, 8-9
 
 or combined biological/thermochemical approach 7, 17. These studies have attempted to mimic
 
 the biological decomposition of lignocellulosic material, which has been shown to proceed via a Fenton oxidation mechanism
 
 18
 
 . In this process, Fe(II) and Fe(III) complexes catalyze the
 
 production of hydroxyl radicals, from the breakdown of H2O2, which in turn facilitate the depolymerization of the biopolymer components. Ma et al. 6 recently applied the Fenton oxidation process to the depolymerization of lignin for the production of DCAs, using mild conditions and environmentally benign reagents. This involved treating lignin for 1 – 5 h at 60 °C in the presence of H2O2 and the mineral catalyst
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 chalcopyrite (CuFeS2). The authors reported a high selectivity towards a relatively narrow range of DCAs (including malonic, succinic, maleic and malic acids), via the breakdown of lignin to LMWACs and subsequent ring-opening of these compounds via short-lived quinone intermediaries. One short-coming of this approach is the poor yield of products on dry lignin mass, and the significant amount of residual solids. In an attempt to overcome this, Zeng et al. 8 used a two-step Fenton oxidation process. The first step involved lignin demethoxylation, while the second step facilitated the oxidation of the LMWACs. The results of this study, apart from confirming that the Fenton process facilitated the depolymerization of lignin through the cleavage of β-ether bonds, showed that Fe formed a chelation complex with the LMWACs, effectively hindering the recondensation of the breakdown products and minimizing the amount of residual lignin. As the first step in the lignin depolymerization process involved the formation of LMWACs, it was hypothesized that working in an alkaline medium, instead of an acidic medium as used by Ma et al.
 
 6
 
 and Zeng et al. 8, would improve reactivity by making it easier to breakdown
 
 solubilized lignin and hence increase product yield, and reduce char formation. The present work is therefore a study on lignin depolymerization using the alkaline catalyst sodium percarbonate (Na2CO3·1.5 H2O2), in a one-step process at temperatures ranging from 60 °C to 300 °C, and reaction times of 1 – 6 h. For comparison, lignin depolymerization was also carried out via the acidic H2O2/chalcopyrite approach. This is to compare selectivity to DCAs, as well as the types of lignin monomer species and DCAs formed. Previous works on lignin conversion to DCAs involved lignins of relatively low H monomer unit content. Ma et al.
 
 6
 
 and Zeng et al.
 
 8
 
 worked with lignins which had G/S/H ratios of
 
 2.4:0.8:1.0 and 2.4:3.0:1.0, respectively. It was hypothesized that by using bagasse lignin, which
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 has a higher amount of H monomer units when compared to lignins extracted from woody materials 19, the proportions of DCAs formed may be different. To investigate this idea, a model compound study was performed comparing the product range obtained from the treatment of guaiacol, p-hydroxybenzoic acid, and vanillic acid.
 
 EXPERIMENTAL SECTION Materials. The bagasse from which the lignin used in this study was extracted was obtained from one-year old sugarcane grown near Racecourse Sugar Mill (21° 09′ 50″ S 149° 08′ 05″ E, Mackay Sugar Limited) in Mackay, Australia.
 
 This plant was harvested and processed in
 
 October 2011. The bagasse was air-dried and sieved through an aperture size of 1.0 cm to remove pith. The water content of the bagasse was 7.1%. All chemical reagents were purchased from commercial suppliers and used without further purification. The following reagents were obtained from Thermo Fisher Scientific Inc. (US); H2O2 (35 wt%, stabilized), ethyl acetate (HPLC grade) and 10% trimethylchlorosilane in N,OBis(trimethylsilyl)trifluoroacetamide (for sample silylation). Oxalic, malonic and succinic acids were obtained from Sigma Aldrich Co. LLC (US), as were sodium percarbonate, phydroxybenzoic acid, guaiacol and vanillic acid. Chalcopyrite was purchased from Alfa Aesar (US) and ground to a fine powder using an agate mortar and pestle prior to use.
 
 Lignin extraction. 1 kg of depithed bagasse was cooked at 170 °C for 1.5 h in a 20 L Parr reactor (Parr Instrument, US), with 10.5 L of 1 M NaOH. This pretreatment process was used to extract the lignin, organic acids and hemicellulose into the aqueous phase (known as black liquor), leaving the solid (predominantly cellulose) pulp fiber. On cooling to below 90 °C the
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 black liquor was drained from the reactor and filtered through a Whatman no. 541 filter paper. The lignin was then recovered from the NaOH solution by lowering the pH. This was achieved through the gradual addition of 2 M H2SO4 to a pH of 4.5 and stirring for 15 min before further acidification to pH 3.0 with continued stirring. The acidified solution was then heated to 65 °C in a water bath with stirring for 30 min to promote the growth of the lignin particles. The solution was filtered and the solid lignin washed with ~4 L of hot water (70 – 80 °C) until foaming of the filtrate ceased. The lignin was collected and dried for 72 h in a vacuum oven at 40 °C. The dried lignin was manually ground in a mortar and pestle and passed through a 500 µm sieve.
 
 Lignin characterization. Elemental analysis. The elemental composition of the bagasse lignin was determined using a Flash EA 1112 Organic Analyser (Thermo Scientific, US). The sample was dried overnight at 45 °C in a vacuum oven prior to analysis. The analysis was performed by encapsulating 2 – 4 mg of material in a tin container for the determination of carbon, hydrogen, nitrogen and sulphur content, and in a silver container for the determination of oxygen content. Lignin composition analysis. The Klason lignin, moisture, ash and structural carbohydrates contents of the bagasse lignin were determined by conducting the standard methods developed by NREL 20.
 
 Lignin depolymerization. Experiments were conducted in 316-stainless steel Swagelok (US) tube reactors of volume 50 mL, utilizing an oven as the heating source over a temperature range of 60 - 300 °C. The reactor loading volume was 40% and the concentration of lignin in solution
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 was 2 wt/vol%. Reaction time ranged from 1 - 6 h, however a standard reaction time of 3 h was used. This time was selected based on the results of previous research performed in this field by Ma et al. 6. Each experiment utilized either chalcopyrite and H2O2, or sodium percarbonate as the catalyst. The chalcopyrite was used at a concentration of 10 wt% of the lignin sample (0.4 g lignin, 0.04 g chalcopyrite).
 
 The concentration of H2O2 in solution was 2.5 vol/vol% (0.5 mL),
 
 conforming to the previous significant work performed in this area 6. An acetic acid buffer solution was also utilized at a pH of 4 in order to maintain the pH within the range most suited to the Fenton oxidation mechanism (pH 3 – 6). For the alkaline experiments, the quantity of sodium percarbonate used was selected so as to maintain an equal quantity of the oxidant (H2O2), as in the acidic treatment process (1.8 g). The sodium percarbonate was a granular material which was added to the reactor vessels immediately prior to heating. This was performed in order to allow for a slow release of H2O2 (and hence the formation of hydroxyl radicals), over the course of the reaction. Several experiments were also performed which incorporated varying concentrations of sodium hydroxide, in addition to sodium percarbonate. A standard work-up method for analyzing the reactant mixture obtained in the HTL of lignin was developed. After the reaction was performed the reactors were removed from the oven and immediately quenched in room-temperature water. The contents of the reactors were then washed into 50 mL centrifuge tubes with distilled water, ensuring that any solids present were transferred. The pH of the mixture was then adjusted to 2.5 using 2 M H2SO4, in order to precipitate the residual lignin in the alkaline experiments (and for consistency in the case of the acidic experiments). The acidified mixtures were then centrifuged in order to aid their filtration through a pre-weighed sintered-glass crucible. The residual solids collected were quantified after drying under vacuum at 45 °C overnight, and their yield expressed as a wt% of the dry mass
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 of lignin reacted. The final volume of the aqueous phase was determined and recorded. Each experiment was performed in duplicate.
 
 Model compound study. The model compound experiments were conducted on guaiacol, vanillic acid and p-hydroxybenzoic acid, in the same manner as the sodium percarbonate lignin depolymerization experiments. The reactant loading was maintained at 2 wt/vol% in solution. The same work-up and analytical procedures were also employed.
 
 Aqueous phase characterization. Gas chromatography-mass spectrometry (GC-MS). All analysis was performed using an Agilent (US) 6890 Series Gas Chromatograph and a HP 5975 mass spectrometer detector, employing helium as the carrier gas. The installed column was a dimethyl polysiloxane Restek Rtx5 (Restek, US), 30 m x 0.32 mm x 0.25 µm. A splitless injection of 1 µL was delivered to the injection port set at 280 °C. The temperature program commenced at 100 °C and was heated at a rate of 5 °C.min-1 to a temperature of 200 °C. Once this temperature was reached the column was then held for a further 3 min, before being heated at a rate of 20 °C.min-1 to a temperature of 320 °C. Compounds were identified by means of the Wiley library-HP G1035A and NIST library of mass spectra and subsets-HP G1033A (a criteria quality value >85% was used). In the case of oxalic, malonic and succinic acids, the elution times and mass fractionation spectra were also compared to those of pure, commercially obtained standards, to ensure correct identification (see Figure S1). Given the poor solubility of DCAs in organic solvents and their complete involatility, the GCMS sample preparation required a derivatization step to ensure their accurate analysis. This was achieved
 
 through
 
 the
 
 standard
 
 procedure
 
 of
 
 silylation,
 
 using
 
 the
 
 reagent
 
 RC-3
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 (bis(trimethylsilyl)trifluoroacetamide + 10% trimethylchlorosilane). Samples were prepared by first lyophilizing a 1.00 mL aliquot of the aqueous phase (pre-filtered through a 0.45 µm Teflon filter), to which was added ethyl acetate (1.00 mL) and RC-3 (0.100 mL). The sealed samples were then shaken and heated at 40 °C for 20 min to ensure complete silylation of all hydroxyl groups. Samples were then filtered (0.45 µm Teflon filter) and analysed. Using this method allowed for the potential detection of all aliphatic species, as well as aromatic monolignol and dimer species. Any acid-soluble lignin of greater molecular weight than this (i.e. oligomeric and polymeric material) will not be detected by this analysis. Quantification of the concentrations of oxalic, malonic and succinic acids in solution was achieved through the analysis of a series of calibration standards, in conjunction with the Agilent Chemstation software package. Docosane was utilized as the internal standard, as it was determined to be a highly stable and well-resolved analyte.
 
 The standard calibration curves obtained were of high accuracy, giving gradients of 1
 
 with R2 values of ≥ 0.99, and were produced through the analysis of 5 different concentrations over the range of 1 – 500 ppm (see Figure S2). Acid-soluble lignin. The acid-soluble lignin content of the aqueous phase was quantitatively determined using a Cintra 40 UV-visible spectrometer (GBC Scientific Equipment, Australia) in conjunction with the Cintral 2.4 software package. The absorbance reading was taken at a wavelength of 240 nm, using deionized water as the reference.
 
 Gas phase characterization. The reactor headspace gas was obtained using a customized reactor fitting and gas-tight syringe. This mixture was analyzed for large organic gases via GCMS using direct manual injection. The instrument and column utilized was the same as that described in the aqueous phase characterization procedure. The so called permanent gases were
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 also tested according to ASTM D1945 - 03 (2010) Standard Test Method for Analysis of Natural Gas by Gas Chromatography (GC).
 
 This involved the use of an Agilent 7890A Gas
 
 Chromatograph (Agilent, US), fitted with two HayeSep A columns (Agilent, US), Mol Sieve 13X, and a thermal conductivity detector (TCD) for the analysis of nitrogen, oxygen and carbon dioxide.
 
 Yield calculations. In order to analyse both the efficacy of lignin depolymerization and the approximate DCA yield, the product range of each test condition trialled was broken into several key categories and quantified - giving an approximate mass-balance in terms of the mass of lignin treated. The residual solids (acid-insoluble) material was quantified gravimetrically, the acid-soluble lignin content of the aqueous phase was determined using UV-Vis spectroscopy (eq 1), and the DCA yield was approximated by the cumulative quantitative GC-MS analysis of the three main DCAs generally obtained; oxalic, malonic and succinic acids (eq 2 & 3). The remaining mass of starting material not attributed to these three categories was then described as other products (eq 4). DCA selectivity was defined as the percentage of the mass of non-residual solids which were converted to the three main DCAs (eq 5). Unless otherwise stated, all quantitative results in this work are presented as wt% of the dry mass of lignin reacted.
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