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Table 1 Noda’s rules for peaks analysis
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Note: @(v;,v2)s ¥(wv,vy) indicated the intensity of characteristic

peaks in synchronous and asynchronous spectrum respectively,

v, and vy represent two different wavenumbers.
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Fig. 1

Infrared spectra of biochars

(a): Chicken manure; (b): Dairy manure; (c): Pig manure
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(a) ;: Chicken manure biochar; (b): Cow dung biochar; (c¢): Pig manure biochar

left: synchronous spectrum; middle: asynchronous spectrum; right: auto-correlation peak intensity graph
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Two-Dimensional Perturbation Correlation Infrared Spectroscopy Analysis
of Animal Manure Biochar
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Abstract More attention has been paid to biochar which has been hot research area as a novel environmental functional material
due to its special structure and physicochemical properties, it has multiple environmental benefits such as pollution remediation,
soil improvement, carbon sequestration and emission reduction. The physicochemical properties of biochar were determined by
the types and distribution of surface functional groups. Pyrolysis temperature and material type are two important factors
affecting functional groups of biochar. In this article, animal manure biochars were prepared under different temperature from
200 ‘C to 700 ‘C with the materials of chicken manure, dairy manure and pig manure. On the basis of traditional one-dimensional
infrared spectrum analysis, the change tendency of functional groups of animal manure biochars with the increase of pyrolysis
temperature was revealed using the method of Fourier transform infrared spectroscopy (FTIR) combined with two-dimensional
correlation analysis, providing a theoretical basis for better research on structure-activity relationship of biochar. The results
showed that with the increase of pyrolysis temperature, Which variations mainly existed in the unceasing weakening of alcohols
and phenols —OH peak and aliphatic —CH,; peak of manure biochar, among which the changes of chicken manure were the most
obvious. Furthermore, the changing intensity of —OH was higher than —CH, and was removed before —CH,; in the range of
3 600~2 800 cm ', The number of auto-peaks was 6, 5, 6 respectively in the two-dimensional perturbation correlation infrared
spectroscopy of chicken, dairy and pig manure biochar. The changing intensity of each auto-peak was (chicken manure biochar)
aromatic C—C > C=0 >Si—0/C—0>P—0/C—H; (dairy manure biochar) C=—0 > (C=—C and P—O/C—H>C—
OH, C—0/Si—O0; (pig manure biochar) C=0 > C=C >COO~ > Carboxylic C—OH>P—0/ C—H=C—0 /Si—O.

The groups of C=0O and C=C broke and reconstituted, and C=0 broke ahead of C=C . However, there were differ-

ences in the functional groups of different animal manure biochars, mainly the change of C—0/Si—0O was prior to P—0/C—H
in chicken manure biochar, while P——0O/C—H in dairy manure biochar changed earlier than C—0/Si—0O, and C—0/Si—0O and

P—0O/C—H in pig manure biochar occurred simultaneously in the range of 1 800~800 cm '.

Keywords Animal manure; Biochar; Fourier transform infrared spectroscopy; Two-dimensional correlation analysis; Functional

groups
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