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Investigation of synergistic pyrolysis effects and product distribution from Co-Pyrolysis of municipal sludge and peanut shells.
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Abstract: The co-pyrolysis of biomass/sewage sludge was demonstrated to facilitate efficient resource utilization, harmless treatment,
and sludge volume reduction. Due to the complexity of co-pyrolysis reactions, it was deemed essential that the thermodynamic
properties and product distribution of this process be systematically evaluated. The pyrolysis characteristics, synergistic effects, and
product distribution of municipal sludge-peanut shell mixtures were investigated using thermogravimetric analysis and a fixed-bed
reactor. It was observed that significant synergistic interactions were exhibited during municipal sludge/peanut shell co-pyrolysis,
primarily during the volatile release stage, where the synergistic effect was found to accelerate mixture pyrolysis. When the
conversion rate (o) was below 0.7, the apparent activation energy was progressively reduced with increasing sludge mass ratio
(SMR). Conversely, when a exceeded 0.7, the apparent activation energy sharply increased with higher SMR. The gas yield was
enhanced with elevated pyrolysis temperatures, while liquid and solid yields were significantly diminished. Elevated temperatures
were also shown to promote H, and CH, generation. Product yields and synergistic effects were strongly influenced by SMR, with
the most pronounced co-pyrolysis synergy observed at an SMR of 40wt.%.
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Table 1 Basic properties of peanut shell and municipal sludge
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samples at 10°C/min

BB 1 T B K S /b4 R 43 B HA B (30~
212.05°C), KN 8.43wt.%, 18K AL Ko (45
1 EH IS R B AT P 308 7K 50 1) 25 e B 2> 8 5y i)
I, G B ORI W S A R LB B 2(212.05~
409.63°C,JRE KN 22.88wt.%)FIF Bt 3(409.63~
570.66°C, iR K 9.99wt. %) ¥4 g ¥ K 43 Bt Hi B
BLEERAEREEA T PR I8 LKA A
W) IR AR DL R A ) 2 Te) TR AR B A 2R K
S [ AT RSR[5 40 AR il T B e
(1) AR AR Il DX T8 K T S 52 LA % TR A0 22 A A A



2020 o

KoM R %

45 %%

b 2E B RE TR R W T B Ve RS KR I e ML SR (o
IR . ER RS ME BBk, 8. 855,
IX 26 RSy TR A0 AR S0 R A AR B s ) i X )
(600~800°C), {3 47 K T P Ui 13 v 1Bl 0. sk 4k, i
Brs e ER 5 g 07 RO 2SR vl K AR Ak
SEE(IN C-NL C=0 ), X Sl I BERE R (0 C-N
4 305kJ/mol,C=0 4 745k]/mol), Bt 1in T
PR (7SR AR B N A e B AR R 4T
YeZ AR AL B (I C-H. C-O )5 g k(&
A 410~460kJ/mol), i 1L HA [z IV B % 78 A 1) 3L
3£ 3t R Py gt A 7,

BB 4 /b EHE R T H BORAGEY B (570.66~
725.59°C), F B R ARG E Y L ER R S AL
VAR LD R AR IR0 58 S N, ) IR 2 7 A — 0
G35 B TR 1024wt %. (B 5 ARk
B B(725.59~800°C), 1P Bt B 25 v, = 2 R AR v e
HICHLAL > IR IR AL FER 35 (1 FAAR, ST 1 R
1.94wt.% AL EFe AT BESJE/E 10°C/ min [l

KEMARE R 2 Fror, o] DUE T s e
(212.05°C) IIHI A AR AR T84 58(250.06C),iX
ST PRk T B I I T A IR S AR
RIAT R A 23 fift AR T B0 Y6 (725.59 °C) [ 2% 1 A i
U T 75(385.84°C), {1k B 339.75°C,
ORI BS I B T S A E A TR LR
T Ty oy FRP A 38 AR BT 3 i R TEA L)
R & R A 5 X BB o (A AR S 35 S T T
V5 e PR P X ) ), [ It O 46 2R TR
DTG A LS P4 1) 52 v T 17 BUS Ve Ff i, 1X
FEH AR S IR 5 O A O R 1R,
AN, 6 R T 0 25 B PR TR B0(6.16x10 W%/
(°C’-min’)) th W & &5 F T BU5 Y6 (0.45%10 °wt.%/
(°C*min®)),iX 2 W76 2E 58 HAT Lo 117 BUs e 5 e
fife S N E T T B0 YR R R ARG 52 % FL AR
FE IR R AE AT He A 578 5 T BU 5 Ve 2L i i)
SRR AL = 0 1 0 SR A B 2 T I TR P45 TR
T L DL S AR B

%2 MM 10C/min THRRIFESKIGESMERE D
Table 2 Pyrolysis characteristic parameters and comprehensive pyrolysis index D of the samples at 10°C/min

o Ti T, Trnax Tnax2 ATy DTG DTGuac DTGean Dx10°

F b (‘C) (‘C) (‘C) (‘C) (C) (Wt.%/min)  (Wt.%/min)  (Wt.%/min)  (Wt.%*/(°C*min?))

PS 250.06 385.84 328.39 / 71.38 —6.18 / —0.87 6.16
PS8MS2 239.75 705.59 328.34 673.81 74.88 —4.66 —0.74 —0.84 421
PS6MS4 231.62 708.47 328.04 686.15 77.83 —4.45 -0.82 -0.77 3.52
PS4MS6 22236 714.41 32835 683.32 81.61 —3.44 -1.15 —0.74 2.49
PS2MS8 218.64 719.28 327.75 685.49 83.49 —2.74 -1.31 —0.72 1.85

MS 212.05 725.59 314.76 696.00 221.81 -1.79 -1.53 —0.69 0.45
2.2 A SR BG e it 3L A 705.59°CHE A 719.28°C 3R W T BL5 Je I A 2112

WK 3 Fros RS TG M DTG kit T
MAE AR e DL R T BUS YR R 2 18], HL4k 7K T P R
it TR AR R 2 VR 25 40 (1) ARt Jo R 2 B e
70 T BUS e i 1 255 AR ] 3(a) R BB
SMR (138 T, Vi 25 0 VI 43 2 36 T PRI, X 3 2
B0 A 5 L T BB e B v R R oA DR R AR R
T 05 Y6 S5 B i ) ARG X T) B 2 1) sl X 380 3,
1E 680°C T AFAERCK IR HE (B 3(b)),1X 2 KR
T B5IR BIB BN T IR AW o iR L ER
255 113 2 v LUF L BE#E SMR H 20wt.%(PS8MS2)
B4 A& 80wt.%(PS2MSS), # fiF ¥ 4 IR E T
239.75°CRHIRAE 218.64°C,IMAEL LI T, W h

HEAE AR 7 AR (0 R 2B (E Al 25 JE IR A 2E 72 () it ik
T 541 B SMR H 20wt. %38 11 %= 80wt.%, DTG ay
(EIE H1 4.66 BEA% %2 2.74wt.%/min, H DTG yean FIE 1
t 0.84 FB&EZE 0.72wt.%/min, X L] T e 75
T B e S A T LLR b T 3807 Y S AR A 1 il
AL CAN AR 7= ) 77 AU, A T2 55). 348 2 471
TIREM LIRS D FHE S5 R %5 SMR
1 20 391 % 80wt.%,D 1 4.21x10 *wt.%*/(°C**min®)
BRI A 1.85%10 wt.%/(°C-min®), % B 1 B Ve 1
BB T IR S 0 0 FA A B N v AR X 2 mr 4,
R T BUS Ve IR INBRAR TR G T 040 3%
B T DTGumaxs DTGmean LA M FRIEUHE, 55024 S 5L



4 34 SR

e ek 5e

A3 [R50 B =) o3 AR 9 2021

D H{EBE SMR NI 53 F4. Xt 55 Peng 2]
Rl gt —2

70

60
—m— PS
| —e— PS8MS2
—A— PSEMS4
—»— PS4MS6
40" —e— PS2MS8
—— S

50

30
T R R R R S |

100 200 300 400 500 600 700 800

wE (C)
(a) 10°C/min feA4E72 . TBEGYE IR G YA FE 1) TG ihgk
(b)

0.0
Josk
. -1.79)

[ (327.75, -2.74) 110

2
E
=
5 -8
E
= |——ps ~(328.35, -3.44)
S [—— pssMs2 1
e PSEMSA —(328.04, -4.45) "

5 f—a— PS4NS6 % [(685.49, 131
—— PS2MS8

|—— MS

[ \(328.34, -4.66)
(696.00, -1.53)

. (328.39,-6.18)
]

L 1 1 1 1 1 2.0 1 1
100 200 300 400 300 600 700 800 600 650 700 750
e () A (C)

(b) 10°C/min f&A4: 76, BTG YE &K ILR AW/ FE P (1) DTG Hhk
B3 7E 10°C/min T, {4efE58. 8058 IR &Y TE g
IR TG #hiZ@F DTG #iZk(b)
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