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Evolution of nitrogen functionalities and their relation to NO, precursors
during pyrolysis of antibiotic mycelia wastes
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2. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: On the basis of rapid pyrolysis of two antibiotic mycelial wastes ( AMWs) viz. penicillin mycelia
waste ( PMW) and terramycinmycelial waste ( TMW) in a horizontal tubular quartz reactor evolution of
nitrogen functionalities and their relation to NO, precursors were investigated with the help of XPS and chemical
absorption-spectrophotometry methods. The results indicate that inorganic-N ( N-AN) and amide-N/amine-N/
amino-N ( N-A) are two kinds of nitrogen functionalities in the raw AMWs samples determining the
predominance of NH;-N among NO_ precursors. N-A is found to be the main one with the proportion of 81.1%
and 59.0% for PMW and TMW respectively. At low temperatures the decomposition of NAN and the
conversion of N-A mainly occur at 150-250 °C and 250-450 °C respectively which are two routes for most
NH,-N with yields of 20.9% ( PMW) and 25.6% ( TMW) . While HCN-N is produced with a small amount less
than 2% having no relationship with the characteristics of nitrogen functionalities in fuels. Besides pyridinic-N
(N-6) and pyrrolic-N ( N-5) are also formed and then converted with peak values at 350-400 “C. At high
temperatures the conversion of N-6 and N-5 is prevailing leading to the basically equal increments on NH;-N
and HCN-N. Simultaneously a minor amount of more stable quaternary nitrogen ( N-Q) and N-oxide ( N-X) is
produced. Typically due to the rapid decomposition of N-AN and labile N-A at low-temperature pyrolysis
nitrogen removal can reach up to 40% while energy loss can be controlled within 25% when pyrolyzing at 250-
300 C. As a result low-temperature pyrolysis could be an effective method for nitrogen removal whereas
preserving the energy in AMWs.
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Figure 1 Schematic diagram of the experimental system
1 0
Table 1  Proximate and ultimate analyses 1.3
of antibiotic mycelial wastes ( AMWs)
HJ536—2009( NH,-N)
AMW PMW TMW .
Proximate analysis w, /% HJ484—2009( HCN-N) NH,
Ash 8.09 14.85 CN~ ( DR3900
Volatile matter 78.51 73.90 HACH USA) R
Fixed carbon 13.40 11.25
HHV Q /(MJ * kg™) 19.28 19.33
Ultimate analysis w /% NH, N HEN-N (n (2
Carbon 48.07 50.60 ~ 14.01+c, -V,
YNII34\' =
Hydrogen 6.96 7.17 (Q./(Q,+Q,) *18.04*(myyy *wpyax) )
Nitrogen 8.04 10.93 (1)
0 (S}UHTff ) 306 5376 3068419 Y, 1401, Vs
xygen ( by difference . . =
TE(0,1(0,+0,) *26.02 (M, *wpax) )
( (2)
0°C ) NO, YNH3—,\I Yiena NH,N HCN-N
Yo;c, ¢, NH; CN- mg/
NO, (NH, HCN) LV, NH;  HCN L@, 0,
2z, NH, HCN mL/min; my
mg; W, N N %
100 mL NO, N
NH, H,BO, (5¢/L) HCN NaOH ESCALAB 250Xi( Thermo VG Scientific UK) X
(0.0 mol/L) Q, ( XPS) Al
Q, NH, HCN (1486.68 eV) 150 W 500 pm
( NH; —>NH; HCN— 90°, 30 eV
CN7) o 0.1 eV, C 1s(284.6 eV)
( N N 1s XPS o N
N ) N N-6. N/ N/ N(N-A) N5,
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Figure 2 TG and DTG curves of AMWs at
15 °C /min under Ar atmosphere
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Figure 3 N 1s XPS spectra of AMWs and AM Ws-derived chars generated at low-temperature ranging from 150 to 450 °C
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Figure 4 Fraction of various nitrogen functionalities vs. the pyrolysis temperature in low temperature region
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Figure 6 Fraction of various nitrogen functionalities vs. the pyrolysis temperature in high temperature region
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