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Influence of pyrolysis temperature on biochar stability and leaching properties
of nutrients contained in biochar
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Abstract: The biochar was produced from sewage sludge by pyrolysis at 300, 500 and 700 °C. In this study the
biochar degradation rate represented by CO; release rate through alkali absorption method in microbial incubation
was investigated and the half-life using a recommended prediction method was predicted. In addition, deionized
water was used to investigate the content and leaching properties of the water-soluble nutrients contained in
biochar. During the temperature range of 300—700°C, the biochar produced at higher temperature was degraded
slowly and had longer half-life, which may exist in soil for a longer time span and then perform a better effect on
carbon sequestration than that produced at lower temperature. However, biochar produced at lower temperature
contained more water-soluble N and K but less water-soluble P, which was agreed with the concentration of
leaching nutrients. The leaching water of biochar produced at lower temperature also contained more much
water-soluble N and K but less water-soluble P.
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R R B RE PUR X IHATEYE S E MRS
RARE TEIINEER ALY BRFNEY
R EE R H MBIk RS B R E 5 R
KkB, T ATAEBIMAEDREZERE EFRKE
HEYR PR, LFEK, HTEDESEL (Terra
Preta) WIRI, YR AL T HRARE, Hit
RHE T EED T LK R RBREEST. LR
Ve X EARIEEY REHE L BAEUR S MR
B ES R R ARIERE T B SR, W
F 1) BHE U SR B AE TR L AR 2R SR R AR R B
AEmErfaEt, EHEAREFATKARERET L
T4E, BEALEDR PR KARE T IERE
A< EL CO, BIFE R KSR 8™ 54, &
MRt 3% Co, HER B MHER, RE B X
PV R ARAE 40,

FALE A N R & AR, 15TREY
RESSEEMEE, WRELBEENRREE, H
M, EERIF R T URTBIS A ER R AR,
SRNERTAEMRMAR. LRGN . REREME.
Bt R SESYHER, FEEZEETAR
HIZEGTEMRTESBESERB R HHI,
WREH, BREEEMEMRYMMERBEEEY
., FRTHENEDREKSERER, HERE
FEALIBREE S, MO B 3 B Rk Y,
HRIEMILREM, FlToiELIBREKEES . EX
MRFE SRR ), M E, BHER TR
Mg, REE TR S BERMEEFRET
ZWFEK, HBE TR TR SEYERAEEER
BEmRmt, B, EERTHENEVRNES
BEUBEEGLER, FEHEXESBEREFHERM
EESRIZSPL, F L, RS RN RAT L
B REIFRALANERSE, BRaMAT RS
ToER, ARBRE T XK.

BEMREVRBEENMERZ —, BREMLE
RAEYIREGE B R ATIRAS, R RERE
HEE R EERIE. YRR IR I R/E R =
Bk E 8 HKEHERS AL, A, B
BT Y5IRAEMR AR et K 37 0 8 BRI R AR Bl
Z. ERIEAEYRITES B SEARHEERFEMH
FIMTEERHIATIR T, AFAEE T ARNRE
BETEYRBEEN. KBEHRESSERIFSH
R, R T IBAN ) RUR FERR IR HELE A

BUEMIRIT R R R A R B 3
1 MrE 77

1.1 5k

BRAER (EKER 78.5%) BB M FEMTE
KRBT B K ZE 8], 5K AbEE T2 ek B R & -
BE-GETE. SRABREZERTERTRETHR
B, R 1~2 mm, HPFHE, £105CTFRE
1HE, RERFESHEESS, ATFFRMN TS
MILEMTERIE 1.

®1 SRERAESHRINSH
Table 1 Ultimate analysis and proximate analysis of
sewage sludge feed

Ultimate analysis/% Proximate analysis/%

C H S N P K VM FC Ash
19.7 43 03 53 33 0.7 39.7 4.6 557

1.2 EREE

VIR &% BN SR B AR, 100 g+
1 g BTIFREBAGEE, H 99.99 %HIE L 1000
ml * min~' BJRERIT 30 min IHEEER, R
10°C * min~' MINPGERMAETREE (300,
500. 700°C) FHRE 3 h, FFEMRANEZRER
FAFEERS . T3045 8L B300. B500. B700 &
JRFE 300, 500. 700°C #I&MIISIRAEN K.
1.3 EHRMERRRENE

YR BEFRFE RN E S % Zimmerman FEFEN
FEP, UL CO, BUE R B AR EMEEE, 15
FHAEMIR L TR 25 E 3 AN F47H B 50 ml
THER R TR HIBMEYD, 5058 &9
. 50g AR (RHNF) WEARE, EREA
KarfE, BF 500 ml AREIRF, REHRA SR
B3 0.20 mol L™ NaOH AR AI/INMEAT T i
YR R CO, PP, RN 120 d, W
B /MRS, 3 0.10 mol ~L7' #5EBR AR 1.0 mol <L!
BaCl, ¥R i R2 B 8 AL M) R IR BRI COL B
1.4 EMRKBEFOSNE

£ Zheng SV HEF KT, SMAEMRIIK
TEPEFE ST I e SE30 43 B B 3 APATHE. FREX 1.0 g
HEYIRE T 45 ml BEE.OEH, MA40ml £EE
TFK, E=RE (25CE£1°C) FRAKFESSRL
150 r » min~' ISERIRY 72 h 5, B EIEWLIE,
SR J& X | ICP-AES ( USA Thermo Jarrell Ash
Corporation) lI5E K'v NO; . NH; L& PO} #KfE .
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£ Mukherjee ZPUEE I, RBELAH
WRBEN, ¥ 5 g AYRBEIHFBAEL 670 g
AR, BEAEFE N 25cm. AN 85cem
RWEEN, BRAHRRMMAE IR LAY R A
AEBIER, RAGEERBEHSEEEZENA
TERMER. ERBELRIFHEIT, SHAEETK
BAEDHEMRBEN, REdmhEBRARG LR
250 mi « d™" FIEIE IR FR 2218 155 WO B A SRbHE T
R, WBLRILFE6d, HMESEN 1500 ml,
WMBBERWE, TEEIREE 4 TR
FEorHT. WBERWH K. NO; . NH; CAK PO iR
¥ H ICP-AES Wi5E .
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Fig.1 Degradation rate of biochar during microbial incubation
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22 HUIRRREM
—MIANEYI R B BIFRREENE, EERKF
B AR E AR A E LT T SEa M — R AN Fep
¥ A BRBLERTE], it Zimmerman HEFE T TRAAERL,
FRIE A MR B P AR R TR A R i s P, A
VIRTE RS TR BRI P 2R th 2R B 1 B

VR AR RERT & — B AR RN, BP
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TR EE R RGN RFERECR, B
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Hitt, YL ARE G EBE
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PS5 R S B300. B500 F1 B700 I35
N 124 2521 08798 £E.

DA R 7 N7 7F B IR A A AR R ) B AR TR R AR
e 5 R TR A A PR ARE R L B — B B
b, TGAE AR 0 B A AR B A B S IR T R
1%, EHEMRAEREZHSKTRNE. HM
M2 RO EETRPEERE T H &R EMRKA
HERNfREM, WEBRPEPRKEE, #Hn
KHRE LB R AR EEN.

ARG RME 2 iR,

23 HPRAKBHEFSESR

g 2 Fin, KEMEESELE 1540~2528
mg * kg™' Z 8], ik S HAIRE I EYIR
FRAASETHBR B, WHREEEEME
U2, Bk, KBEMHEEZN 1100 mg - ke
REAEZE 316 mg ~kg !, KIEMEREM 1428 mg * kg™’
BAEE 1224 mg kg™ . SEMBERE TR HER
E R KBRS B THREERREY,

EYRPKEEHEBRRPESEAE 280~676
mg * kg~ Z 0. BEFRESPEEULHIIERF
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g 20 #2 FREETHENEMRBAKEERISR
g 15t Table 2 Contents of water-soluble nutrients contained in
§ Lol biochars produced at various temperatures
2 osl w Nutrients B300  BS00  B700
—g ol water-soluble N/mg * kg™ 2528 2264 1540
§ —osl water-soluble NOj /mg * kg™! 1428 1248 1224
g ol ; 25;5;:4.60 water-soluble NH? /mg * kg™ 1100 1016 316
g sl water-soluble PO /mg * kg™ 280 s12 676
g D water-soluble K*/mg » kg™ 1236 736 316
2065 605550454035 302520 15 1.0
tog “*‘E‘;)f‘g;‘(‘)%d time 24 HEPRFSRBEN
N 3 FioR, WA NH, . NO; - KWREX
g 10 /NI F9 B300>B500>B700, i PO ¥ K /NG
: I Fr24 B700>B500>B300. X545 IR L
2 osl WAFMER—, KEFENEDRSEELH
gﬂm KM NH] . NO; . K, HiRHIEHEMREEE
gli e omsesnn ZHKBEAE POT . 7 R P 46 1O A 0 SR R -
E o5l Rmeow NH; WREE. NO; W R Btk A LA AR L R — 1,
7 o1 RN 500 ml IV RERSFIBIAL, A5 AT
o . XTTRES “JERMB” B, BB HER
~6.5-6.0-55-50~45-40-35 -3.0-25-2.0 -1.5 ~1.0 PLE A m B 8% NH; F1 NO; FWk 781 FH 7T ge 2
Rl R ERMN” WEBREY. TN F POT A
, 03 K", REEFIBR “IEBIRL”, FHUREMEMHE
Eoop AT RANTGE# (. NH: . NO;. PO fIK'
17 ViR B A AR BN 1000 i J5 BRI
g R AFN 1000 ml BT AR A5 K4
E—m} KT .
= y=—076x-4.32
E “25 ¢ R2=0.96 3 & #
g 30
535 N YRGB REE SHEREEIHX, &
S S G S ST SR S

'—6,5 —6.0~55-50-45-40-35-30-25-20-1.5-1.0-05
log transformed time

(c) B700
B2 PRAEYER IR R YR MR R S ] B AR S R Y
SR
Fig.2 Natural log-transformed time versus biochar degradation

rate and linear correlation during microbial incubation

7, RAERGFHHIEEME, BFEWR P KB
E BRI T .
REBREBZUTHIRAEET SRS, A
EMRPAKBHHEEHEAREEATMN 1236
mg * kg™ FFEZE 316 mg « kg™, B AEMREI &N
RS ESH T ERRA.

300~700°CIRETEE A, BUREE TH KL R
HIPEE R, BRI A VR 1 P A
HEHAR. L RER 300, 500 F1 700°C #1489
AWIRIE BRI HSFA 12, 2521 A0
8798 &, FMLEE TH S A REE FRIEE
Ve, BEBRBORELF. PR FKEEENO;RE. K
VEYE NH; R ULEOK B KREBMARE &
TR R, K¥EHE PO IR B VR IR E A = 7t
Fio AEVIRMBER P FRIRE SR P
AWE—B, NH;. NO;. K'IKE X/PNIFFH
B300>B500>B700, PO} K& K/MEF N B700>
B500>B300.
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