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Co-pyrolysis Characteristics of Sewage Sludge and Vinegar
Residue and Migration Law of Alkali Metals
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School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China)

Abstract: The synergetic effects during co-pyrolysis of sewage sludge and vinegar residue were investigated
concerning the product distribution and reaction kinetics by thermogravimetric analysis and vacuum fixed bed
reactor, and the alkali metals migration rules was analyzed by atomic absorption spectrophotometer. Results
indicated that there is a significantly synergetic effect during the co-pyrolysis process. Kinetics was analyzed by
Kissinger-Akahira-Sunose (KAS) method, and the activation energies needed were 35.38%~29.49% decreased for
the decomposition of mixture compared with theoretical calculation and the devolatilization index were 3.5x107®
lower than calculation. The synergetic effect resulted in an increase in gas yields but a decrease in char yield
and liquid. The presence of vinegar residue promoted the devolatilization of sewage sludge, improved the syngas
(H,+CO) content in the gaseous products, and promoted the cracking reactions of large aromatic rings in the
resulted char. In addition, the co-pyrolysis process has a good effect on increasing phenols and esters of its bio-

oil. At the end of pyrolysis process, the exhalation rate of alkali elements reached 79.19%~86.73%.
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Table 1 Proximate and elemental analysis of sewage sudge and vinegar residue

Dry basis / % (w/w) (Proximate analysis)

Dry basis / % (w/w) (Elemental analysis)

Moisture Volatiles  Fixed carbon Ash Carbon Hydrogen Nitrogen Sulfur Oxygen*
Sewage sludge 7.53£0.02  41.65+0.02  3.23+0.02 47.59+0.02 21.55+£0.002 3.61+£0.002 1.03+0.002 0.03+0.002 26.19+0.002
Vinegar residue  6.30£0.02  64.21+0.02 21.24+0.02  8.25+0.02 46.02+0.002  7.45+0.002 1.75+0.002 — 36.53+0.002
* By difference
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Table 2 Related pyrolysis parameters

DTG,"/ DTG," /
Sample Tl C T/ C a' ! % Tl C @' | % Te /1 °C M | %
(% +min™) (% +min™)
VR 301.00 14.21 358.80 61.48 — — — 612.68 21.37
SS 302.81 5.94 346.20 41.37 0.87 668.20 87.88 812.89 63.36
Blend 296.85 11.38 352.10 55.02 0.36 64491 91.29 764.78 37.27

T is the initial decomposition temperature; * DTG,, DTG, are the mass loss rate according to the first peak and the second peak; © T,
T, are the temeprature according to the first peak and the second peak; ¢ @), @, are the conversion rate according to the first peak and the

second peak; © T} is the terminated temperature; = M; is the pyrolysis residue mass

®3 PAMEMRERSEH

Table 3 Devolatilization index of pyrolysis samples

(o) (do) 7
Sample de /) AT' " 1 C m D, e AT G 7 D, D

(% +min™) (% +min™)
VR 3.53 49.12 1 7.40x107 — — — — 7.40x107
SS 1.48 35.31 0.80 9.7x10%* 0.45 60.31 0.20 6.0x107 7.9x107*
Blend 2.61 42.32 0.89 4.21x107 0.19 45.21 0.11 4.7x107 3.75x107

(]

are the average mass loss rate according to the first peak and the second peak; * AT', AT%, are the temerature

" meanl ’ mean2

range (half peak width) according to the first peak and the second peak
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Table 4 Content of alkali metals in co-pyrolysis carbon at different pyrolysis temperatures

Content of alkali metals / (Mg* et o)

400 C 600 C 700 C 800 C 900 C
K 44.84 43.8 38.01 20.04 11.71
Na 1.81 1.62 1.39 0.48 0.28
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