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Migration rules of nitrogen and sulfur during sewage sludge pyrolysis
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Abstract ; Pyrolysis technology can achieve high-value utilization of sludge. However, the nitrogen (N) and sulfur
(S) in sludge are easily converted into pollutants, such as NH; and H,S.The migration pathways of N and S and the
release mechanisms of N/S-containing pollutants during sludge pyrolysis were systematically elucidated.N in the sludge is
primarily present as pyridinic and protein ( >80% ).During the low-temperature pyrolysis stage ( <500°C ), nitrogen in
proteins , pyridine,, and quaternary rapidly decompose into NH; , while HCN is released less. At high pyrolysis temperatures
(>500C) , pyridine and protein deep cleavage increase the release of NH, and HCN, and HCN can react with active
hydrogen to generate NH,.Additionally,S in the sludge primarily exists as inorganic sulfur (over 70% ) .Thiophene and
sulfoxide are converted to H,S and COS at 300°C , while ammonium sulfate decomposes to SO, at 300-700°C.

Key words:sewage sludge; pyrolysis; nitrogen; sulfur; migration rule

TS PRI FR TS U6 , J2 A6 0 15 7K Ab g e v ™=
A I TEMARTICTE W) , 38 3k AR AR AT 552 00 %60 ¥ U 1 9
A TEFAGEIACH A5G T = B TR I
W7 B E bR 150 2 48 7E P 1R AUSUT B H A
TR MR A HLTE i — RS )
PRAAE Sk RO Ay fEh R AR R
Rt RN B A I i R R A R
T E RS A RS A(N) BL(S) ALY, A
B NS AT 5 % {68 NH,  HCN  H,S 1 COS 4
AR M XA AT R A 3 3 ol — 22 1
T R BT TS TR AR AR R N/S TS
PR O B

156 N SR, Bk A AT TS K A B
HORAS AL B 10T (2R ) L B W [ A s i e
#(—CONH—) & £2 1 A HL K 4> F ] F TG HLAS R

Vo NERAIURA SRS, HAVR S &AL N
50% ~ 60% , H: v B 52 32 B4 ER 4 (20% ~
30%) , BLANEAL G Wi (6% ~35% ) bk KL &9
(8% ~15%)""" . Ik, fA2#HE I NTEIRTAY N 258
VIR AR SAFAE TS TR AR A7 A8 T I | i i
TS A I R R R [R) 5 4G AL B AR AT
FEZSE, Tian %R X %ffé;%z'ﬁ%¥§w§(x%>
S3HT TS U N B A TR R A AR R R AR

TS P A B AE 300 ~ 500°C 7] 43 f# I i NH, , [7]

%5 B #A.2025-12-01 ; & B H #:2026-03- 13

ELWH . HE ARPAE S (22078224) ; FRMI T 15 K G40 A BRZA R H AR IF KT H (ZWIH-KYXM-202301-004)
EZE R kDL (1992-) 33 Wi+, IE S g T AR, B 55 7 1) R 75 /K AL BR 75 TR b B, 595432699@ qq.com; IEE3E (1989-) , 53, it | R #4042 , 1F
GET7 ) S5 7K AL 3 K A Py B AT 38 IR RN yanlunjing@ tyut.edu.cn,



- 108 - FAX AL L

B e et i AR BB L T HE A& N 24384, HCN
7E 500 ~ 800°C 6] P £E . Wei 2 " A B A N
F 2B A S NH,, 1 it BE W 78 400 ~ 600°C JE i
HCN, #5550 9E T #i i s e v J AT
PRS2 | & 0 400°C I 28 A BT 7% 2 SR F 4
R BEE TR T R R N SRR Rk
T K F] 700°C I, NH, \HCN B B HI& B 23R 45
KRB, AR A B NH, 19 £ IR,
IR 53 R 5 Re A5 A3 AR 2 % I e 1) A= e, 28 T
#46k HNCO F1 HCN''™

AN, FE IR S MBS S A&, £
PLICHLER 5 A HLBRIE A AP I B e & it 22
WF, SRR S HEAE 1%~ 2%, KL N FALY
R ERER AT , A HLER 35 2L 56 5 05 R 05 75 I L AR
FEAPE S RIS PR C-S B B S
TS AWM, 5 HAHMELS G4 M H,S, Liu
2 LTSN S B iR BRAE 250°C T 4K I H,S, 35 &
AR 55 35 3] 350 ~450°C . W HR/BRTE 550°C LA |
Sy H,S BX SO, , B B2 £ W 7 800°C A 4 4y
figt 'S CYETRG IS NS 15 YW i B oY £ 4
R 5 A R 3K B R A0 Bk
Pl R, ISR A R TS R BE R N
AT IERE A SN R 2, HR: , FAf o R AR 1
PR AT, SRR R R R HLEE 75 YW B
AR SR

R, AR SCiE 3 X s e N AT S 1 A7 2
B A RS N/S LA Y RO A K E LR = )
HFIONFIS R S SIS, IR 5
PF LR NS FIER R & N/S 15 4
AL

1 SCIEE S

1.1 XEHER

SIS BT 5 JE ( Sewage Sludge, SS) 3K H 1] mg -
WG K AL BTS20 T e K TS YR B A MRS T
105°C T4 2 h, J5 BHE (T 5> 22 80~ 180 H, & T 1
gt IR AR
1.2 SiRAMEELE

15 U8 P S 0 E DR AR A B T R AT R
TS HT S W 4] b Sce e At e A
400 mL/min %) N, A5 5 min, DAHEIS SO0 A8
2R, KB E B H AR IR EE S (300,500,700
1 000°C ) , 1| FH U2 WE 25 BHER A 10 g 752, 4}
KA 3.5 g/min, IERLREEG FHAASIEE (J52:

55 46 HIBT 1

FHF434T H,S A1 COS) . A H H i iR ( CH,0,S)
A ALAN (NaOH ) W WSO 43 3 W R < NHL,
FHCN, 7 SEIR 25 RIS £
1.3 HRSHRIE
1.3.1 T ¥5HE5aEaom
15 e AR A0 Tk 4 B #e B E AR GB/T
30732—2014, 3% Fil SDTGAG000A [ 3l Tl 23 Hr{37E
FE . JTCREATHRIEE AR GB/T 31391—2015, 1E
15 % Elementar Vario Macro cube JGZ AT AX 47
WsE g5 58k 1 i,
®1 SRETUSHMTESR
TSR TEEST

M/ Ag/ Va/ FCu/  C/ H/ N/ S0t/
% % % % (%,d) (%,d) (%,d) (%,d) (%,d)
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B2 PR B0 TH i, NH, B HCON P2 RN W
700°C J5 NH, F1 HCN 5t 35 i k2% | 3 2 PR Ay ik
W FIER 115 1) 43 fif A= iR it HCN (NH, , B HCN &
A TR N, AN M SR AR B NH,, 700°C )5 75 T8
RN A K A H B, 23 T NH, P8 AR,
HCN F 2O ML BEAE iR T S R 5 52 H i3
ZEATERL, BIRHRY S R LA BB A
7, 5 s E 70% DAL Bl G AR B T R 5 U
r B 3 R I B A A LA % AL T B HLS Rl COS,
300°C J&5 H,S Fl COS By~ Kigsghn, 15 e i
FRELTE 300 ~700°C Z B AN Wi 43 it SO, BlET5 1R
IR PR, P SR ) NS 1 g
1o, 2 WAV IR BE 1) 2 e A AR B T A T [ 4
g N RIS R PE SR AL

57 3k

[1] Hu M,Hu H,Ye Z,et al.A review on turning sewage sludge to val-
ue-added energy and materials via thermochemical conversion to-
wards carbon neutrality [ J ]. Journal of Cleaner Production, 2022,
379.134657.

[2] Hu M,Guo D,Ma Y, et al.Thermal-chemical treatment of sewage
sludge toward enhanced energy and resource recovery| M ].Sustain-

able Resource Management, Volume I: Technologies for Recovery

55 46 HIBT 1

and Reuse of Energy and Waste Materials. Hoboken; Wiley, 2021,
1.247-273.

[3] Leng L, Yang L, Chen J,et al.A review on pyrolysis of protein-rich
biomass: Nitrogen transformation [ J ]. Bioresource Technology,
2020,315:123801.

[4] Chen G,LiJ,Li K,et al.Nitrogen ,sulfur, chlorine containing pollu-
tants releasing characteristics during pyrolysis and combustion of
oily sludge[ J].Fuel ,2020,273:117772.

[5] Hu S,Han H,Syed-Hassan S, et al.Evolution of heavy components
during sewage sludge pyrolysis: A study using an electrospray ioni-
zation Fourier transform ion cyclotron resonance mass spectrometry
[ J].Fuel Processing Technology,2018,175:97-103.

[6] Guo S,Liu T,Che D,et al.Effects of carbohydrates on NO, precur-
sor formation from proteins during sewage sludge pyrolysis[ J].En-
vironmental Technology & Innovation,2021,23,101594.

[7] Chen H,Si Y, Chen Y,et al.NO, precursors from biomass pyroly-
sis; Distribution of amino acids in biomass and Tar-N during devol-
atilization using model compounds|[ J].Fuel,2017,187:367-375.

[8] Kim Y,Parker W.A technical and economic evaluation of the pyrol-
ysis of sewage sludge for the production of bio-oil[ J].Bioresource
Technology ,2008,99(5) :1409-1416.

[9] Tian K,Liu W, Qian T, et al.Investigation on the evolution of N-
containing organic compounds during pyrolysis of sewage sludge
[ J].Environmental Science & Technology,2014,48(18) : 10888 —
10896.

[10] Tian Y, Zhang J,Zuo W, et al.Nitrogen conversion in relation to
NH; and HCN during microwave pyrolysis of sewage sludge[ J ].En-
vironmental Science & Technology,2013,47(7) :3498-3505.

[11] Wei L,Wen L, Yang T,et al.Nitrogen transformation during sewage
sludge pyrolysis[ J].Energy & Fuels,2015,29(8) :5088-5094.

[12] #gg, Wi, EHE, 575 K15 e P it i A2 b LT B
HEBEFIL )] P E LR A2 4, 2016,45(1) :176-181.

(137 I, i, XVBUE 45 BN AR 5T 3R %0 15 e Pufigp id 7 R 1k
MR [ ] AL T34 ,2017,68(4) :1590-1599.

[14] Liu H,Zhang Q,Hu H,et al.Dual role of conditioner CaO in prod-
uct distributions and sulfur transformation during sewage sludge py-
rolysis[ J].Fuel ,2014,134.514-520.

[15] Cheng S, Qiao Y,Huang J,et al.Effect of alkali addition on sulfur
transformation during low temperature pyrolysis of sewage sludge
[ J].Proceedings of the Combustion Institute,2017,36(2) :2253~
2261.

[16] Liu H,Zhang Q, Xing H, et al.Product distribution and sulfur be-
havior in sewage sludge pyrolysis: Synergistic effect of Fenton per-
oxidation and CaO conditioning[ J | .Fuel ,2015,159 :68-75.

[17] Liu S,Wei M, Qiao Y et al.Release of organic sulfur as sulfur-con-
taining gases during low temperature pyrolysis of sewage sludge[ J].
Proceedings of the Combustion Institute,2015,35(3) :2767-2775.

[18] Aelst J, Yperman J,Franco D, et al.Study of silica-immobilized sul-
fur model compounds as calibrants for the AP-TPR study of oxi-

dized coal samples[ J].Energy & Fuels,2000,14(5) :1002-1008.
(T#% 119 1)



