Influence of NH4H2PO4 impregnation and pyrolysis temperature on corncob-derived biochars molecular structure
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Abstract:
[bookmark: _GoBack]In this study, corncob was impregnated by ammonium dihydrogen phosphate (NH4H2PO4) as as a method of pretreatment before pyrolysis. Corncob-derived biochars produced at incremental pyrolysis temperatures (350-650℃) were characterized to estimate the relationship between physical and chemical properties of biochars and treatment temperatures via elemental analysis, scanning electron microscopy (SEM), X-ray diffractometry (XRD) and Fourier transform infrared spectra (FTIR). SEM images showed that with increasing temperature, more pores were generated and the size of the pores became smaller. The loss of crystallinity of corncob was occurred after pyrolysis from XRD analysis. The FTIR results indicated that pyrolysis of corncob is accompanied with degradation of cellulose, hemicelluloses and lignin, condensation of carbon and recombination of structure, result in decrease of polar groups and increase of aromatic carbon. Compared to untreated samples, NH4H2PO4 can observably improve the bichars yield fixed carbon content at the same pyrolytic temperature. The results may provide theory reference for biochar design and application in agricultural pollution. 

1. Introduction:
[bookmark: OLE_LINK103]Biochar is produced with thermal decomposition of biomass under limited supply of oxygen. It can be derived from a wide range of biomass sources including wood, agricultural crop straws (e.g. maize, rice, wheat, and soybean) straws, animal manures, and other waste products [1]. Agricultural wastes are low cost resource and available as source materials of biochar. Crop straw is one of the most abundant renewable resources. According to statistics, 2.9 billion tons of straw is produced annual on earth, especially China as a large agricultural country, the production of straw occupies first place in the world. Burning straws in the open air has brought about environmental problems. So the process of anaerobic pyrolysis is a way to change decomposing carbon in plant biomass to a much more durable form [2]. 
Biochar has porous structure, high carbon content as well as many other nutrient elements such as K, Ca, and Mg, etc., high cation exchange capacity, alkalinity and low bulk density [3, 4]. Due to the physical and chemical properties of biochar, much attention is currently being paid to the applications mainly focused on the following four aspects in environmental management [5, 6]: (1) soil amendment, (2) wastes management, (3) energy production, (4) mitigation of greenhouse gas emissions. Therefore, biochar productions from agricultural biomass provide a prepossessing solution to mitigate the conflict of energy shortage and environmental crises.
Much attention has been paid to the biomass thermal decomposition. Biomass is mainly composed of cellulose, hemicelluloses and lignin [7-9]. The process of  pyrolysis includes theses main stages dehydration (<150℃)、thermal decomposition (150-400℃) and carbon condensation and aromatization (>400℃). Pyrolysis temperature impacts the degree of carbonization, molecular structure and surface topography which is important to the characters of biochars. In order to increase yield of biomass, catalyzers (KOH, K2CO3, H2SO4, H3PO4, etc) are used in pretreatment to reduce volatile and tar during pyrolysis [10, 11].
In this research, corncob was chosen as a agricultural biomass to produce biochars under a range of temperatures (350-650℃) and NH4H2PO4 was selected as pretreatment additive in pyrolysis. The primary objective in this study is to investigate the effect of pyrolysis temperatures and NH4H2PO4 impregnation on structure of biochar. The result may also provide a reference for the use of biochars as a method for agricultural biomass wastes management and carbon sequestration.

2. Concept and methodology:
2.1. Biochar preparation
Biochars were produced via pyrolyzing biomass at various temperatures under oxygen-limited conditions. Dry corncobs were collected from Beijing and broken into small pieces, and then washed with tap water three times to remove dusts. After oven-dried at 80℃ for 2 days, the corncobs were milled into powder and then passed through a 2 mm sieve. The un-impregnated and impregnated corncobs in closed ceramic pot were pyrolyzed under oxygen-limited conditions at 200℃ for 2h firstly, subsequently at different target temperatures (i.e., 350, 450, 250, 550, and 650℃) for 1h, respectively. The resulting charred residues named Biochars (hereafter referred to as without impregnated pretreatment CC350, CC450, CC550, CC650, and with impregnated pretreatment ADPCC350, ADPCC450, ADPCC550, ADPCC650 respectively) were milled to pass a 0.154 mm sieve for analysis. 
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Fig.1: Process of biochar preparation
2.3. Biochar characterization
Ash content.
Ash content was analyzed according to the standard method American Society for Testing and Materials (ASTM) D1762-84. The porcelain crucibles were preheated in a furnace at 650℃ for 10min and cooled down to room temperature and weighed (M0). Subsequently, the samples were respectively added into crucibles, weighed (M1) and placed in the oven at 105℃ maintained for 1h and then raised to 750℃ keeping for 6h. At last, the crucibles were put in a desiccators for conditioning, and weight was determined (M2).


Elemental analysis.
Elemental (C, H and N) analyses were conducted using a Vario EI Elemental Analyzer (Elementar Company, Germany). 
Scanning electron microscopy analysis.
Surface morphology of the sample was studied using S-4800 an environmental scanning electron microscopy system (SEM) ( Hitachi Limited Corporation, Japan). The samples were held onto adhesive carbon tape on an aluminum stub followed by sputter coating with gold.
X-ray diffractometry analysis.
To characterize the crystallinity and mineralogical composition, the samples were subjected to X-ray diffractometry (XRD) analysis. The XRD patterns were determined using a X' Pert PRO MPD diffractometer (Netherlands, PANalytical) with the characteristic CuKα radiation, 0.15405nm incident wavelength and operating conditions of 40kv and 40mA. Diffraction patterns were collected in the 2θ range of 5º to 80º at a scan speed of 8ºmin-1 and a step size of 0.033. The degree of crystallinity was determined using the Segal and Turley method from the ratio of the integral intensity of crystalline portions to the total intensity of the sample over the range of 2θ of 5º to 35º. 
CrI (%)=[(I002-Iam) /I002] ×100%
Where CrI is relative crystallinity. I002 is the maximum of diffraction intensity from the (002) plane at 2θ=22.6º, representing both amorphous and crystalline portions. Iam is scattering intensity of background diffraction of amorphous portions near 2θ=18º.
Fourier transform infrared spectra analysis.
The functional groups of the biochars were determined by a Nexus 670 FTIR spectrophotometer (Nicolet Corporation, US), recording the spectrum region from 4000 to 400 cm-1 with a resolution of 4 cm-1. The sample discs were prepared by mixing oven-dried (at 105℃) samples with spectroscopy-grade KBr in an agate mortar.
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