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Effects of Pyrolysis Temperature on Yield and Physicochemical Characteristics of Biochar from Animal Ma-

nures
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Abstract: Many studies have examined the effects of pyrolysis temperature on yields and physicochemical characteristics of biochars from
plant residues with high carbon and low ash content. However, few reports have been focused on biochars from animal manure with high min—
eral nutrient content. In this work, selected animal manures( chicken manure, solid-liquid separated pig manure, cow dung) were used to in—
vestigate the effects of different temperatures (350, 450, 550, 650 °C and 750 °C) on yields and physicochemical properties of biochars pro—
duced in a closed low—oxygen reactor using pyrolysis process. As pyrolysis temperature increased, ash content, pH, conductivity, salinity con—
tent, and total content of P and K increased, while biochar yields, volatile content, fixed—C yield, total N content decreased gradually. Tem—
perature had significant negative correlation with biochar yield, fixed—C yield and total N content. At higher temperatures, the biochar parti—
cles became rougher. The optimum pyrolysis temperature for high biochar yields and low N loss was 450 °C. At this temperature, the biochar
quality was cow dung>pig manure>chicken manure. Utilizing chicken manure biochar needs paying more attention to its salt toxicity. With
higher pH and nutrient content, livestock manure biochars could be used in amending acidic soils and for producing organic fertilizers.

Keywords: temperature; animal manure; biochar; physicochemical characteristics

Ko FE REYE A 2L, PR S IR B, SIE R E R R R S IR Pk
C I AL ISR AR R ok T BRI S A2y WAL, v [ A 4E & & 2 Hiilo s i i
3x10° (B H) . RIMT, B BIRAIE PR BRI BER

RS E 8 2015-05-12 | o . \

HELTE . 1 5FH% % PR (2012BAD14B15,2015BADOSBO1 )5 ﬁﬁjﬂﬁi{’ﬁiﬁﬂ?{ﬂﬁ@? , 99‘7‘:UJ:E’J%T%%3§?E 7k
ISR (el ) BHIFE 5 (201303094 ) Z LA RIS ERR TSI RIS YC R

fEER T H%q;;fg;) ﬁfﬂﬁif%ﬁgﬂim%i MR AR TRTRTS Y R E, B A B S SRy
'E‘i 5 i AR S Wa NI N N NITRS N NN
S . SERTR T, 2 R HEE PRI 3 3 Ve A

E-mail : huangping-5539@163.com
SBIEVEE.Y % E-mail:luotaofjfz@188.com (AR R A



AT 5 L R R 5 R 5 R R R 2209

AW (Biochar ) & 48 A= ) Jo 7 RS S IR AR
FRE IS 8 AT PR AR B ek
22 | AH DGR 2 B A e FLAT [T L 20 g i <
fE AR A AR VR 5 43 A Re AP 4 A BL TS G
WA BRSO, ABAZ S Rk AR R ED)
AR A AR ST 25 SR AR 4, B (e gV E R, I A
I BBA N, Glaser SE A f A= ) i
M VEY AR AT RS AR YR SR oy Ak, LI
= C/N Gy BRI AR 5. B 55
o3 T BRI TF W A RS IR, iR A ORK
BAMEELN T T, IR, B N SME Y il &
JrUR R AR TP AE LA AR A3 7 it A ) 5%
A, XEE IR S A B A A R R B
BRI A Y s gE, XS R S LR
A F FHZ YRR E P A FH Y 3R o0 A e S8 A
BRI

X g AR E RN RSE G EN FEE S

Ak B DRI WAL B DA 5 (Y, ] gl M A 7 A S e AR
Wipéo T, Z2 BB TN N PR IRLEE XA 0 3¢ 17 %
SRR BRI R, AR SCRA R A Y 3R 5E 136
F& QBN IR, BIE AN R B R B
FEMEAMI I AR AT 5 MR S R R TR
B RN A 8 A 5 AR Wy R SRR R A S =
A

1 MREFE
L1 #F#4
TSR B R RG2S | TR e 1 2 T A

2, A R A AR AT R SR, 2 AR )
FrtiEid 10 HH 2T A A CE A TR A

LL

XFEE I

e — 2 REAR T AR K 5 s > R R R,
PR W T 26 28 80 CHET 30 min( £ 7K §<0.5 %,
A ZBEATT)
1.2 £¥REEIE

2 N IR IR A A R B A SR AN T s
FE il B ELA N B D 55 1A SO (80 emx36 cm, BEJE
1 em, IR AT —4i4L, BAZ 0.13 mm)FREJG3EA
HETF B XS 3 R 28 A A28 (43l BRid o CM PR,
DM) , ZE A SO B (B 1) PR EfF BT Sk
L BIRHRE T 2 350.450.,550.,650.750 °C, {4
HE) 1 h, BEMRESE AR 3 UK el A= 4 A vk Al
SR RERH O FLHE S, BRiiES g 20 22 = s B
AW e, BTN AR
1.3 Hmah
1.3.1 AW r=2R 53 0r

BRIARAT I E Pk T YRR E Al ™23 7
=g T X

IRACT7 (Yo ) =5 W) i ot it 18 T IR L I o x
100%
1.3.2 ¥EK:43y KA R e AT o b

P72 4 W € 2 B ATl AR fE NY/T 1881.4—
201017 43 7 2 BEAO AT AR E NY/T 1881.5—
20101, Fy FA AL S ) E K 34 < 1% , W] Z 0%
it R, B & A A ARy

i Tk & (%) =100%—E %53 (% )~ JK 53 (% )

[ R 2R (P ) =181 3 Btk B 1 (%0 ) e Ak = 22 (% )
1.3.3 fb2EREEsHT

BHEIMMAA Y pH {E R A pH 11 (Seven
Compact, MR 8 FEF 2 28 W), I 1) W, WL &%
(EC) Fhr R FHHL /3 53 53 BT (SevenEasy , M4 )
FHZ A H)ME . pH EC 30 E b2 Co,

-

WIQEEI R ARSI

B 1 ESEFEEYRERBIEL

Figure 1 Comparison of animal manures before and after pyrolysis
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Figure 2 Effects of pyrolysis temperatures on biochar yields
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Table 1 Effects of pyrolysis temperatures on content of biochar components(% )
USRI B EAE Livestock BRI Pyrolysis temperatures
Component and yield and poultry manure 350 °C 450 °C 550 °C 650 °C 750 °C
BR o Eh CcM 45.23+0.95a 36.96+1.75a 33.68+0.83a 32.95:0.82a 29.24x2.25a
PR 37.03+1.10b 30.69+1.61b 29.54+2.01b 26.42+1.60b 18.26+1.35b
DM 34.12+1.63¢ 30.50+3.24b 24.39+1.34¢ 19.94+0.18¢ 17.01+0.92b
KRGy CM 32.45+2.36a 38.48+0.38a 44.61+0.81a 46.91+1.66a 48.43+0.58a
PR 28.39+1.21b 30.91+2.56b 37.47+0.50b 44.39+0.86b 44.76+1.45b
DM 26.43+0.61b 28.15+2.46b 30.76+1.60c 33.57+0.72¢ 37.87+1.42¢
I e o CM 22.32+1.86c 24.56+1.39h 21711 44c 20.14x1.17¢ 22.32+1.71c
PR 34.57+2.11b 38.40+3.63a 32.98+2.45h 29.18+1.01b 36.98+2.54b
DM 39.45+1.81a 41.35+1.97a 44.84x1.87a 46.49+0.77a 45.12+2.15a
1 5% Bl 7 2R CM 14.37+1.40c 13.89+1.07b 7.30+0.34¢ 6.64+0.47¢ 6.50+0.05b
PR 23.39+1.06b 23.04+2.47a 9.71+0.09b 7.70+0.27b 6.73+0.24b
DM 27.96+1.15a 26.60+1.73a 10.93+0.53a 9.27+0.15a 7.66+0.20a
TE /NG PR N R A R 22 5 .35 (P<0.05) . FIF].
Note; Different small letters within a temperature indicate significant difference at 0.05 level.
&2 RAREN pH R SXRMES BRI
Table 2 Effects of pyrolysis temperatures on pH, EC and salinity content in biochars
2 el J5URh R S Pyrolysis temperatures
Chemical property Livestock and poultry manure Material 350 °C 450 °C 550 °C 650 °C 750 °C
pH CM 7.62+0.01a 10.53+0.14b 11.59+0.19a 11.57£0.16a 11.92+0.11a 12.30+0.27a
PR 7.60+0.04a 10.88+0.07a 11.21+0.11b 11.27+0.06b 11.42+0.11b 10.52+0.12b
DM 6.45+0.02b 8.44+0.02¢c 8.70+0.18¢ 9.53+0.17¢ 10.60+0.09¢ 10.30+0.08b
EC/mS-cm™ CM 6.03+0.15a 5.37+0.72a 7.60+0.30a 7.70+0.27a 12.47£0.31a 14.07£0.29a
PR 2.47+0.06¢ 1.03£0.12¢ 1.37+0.06¢ 1.73£0.06¢ 2.23+0.25¢ 2.60+0.17¢
DM 4.77£0.12b 2.40+0.35b 2.43+0.06b 3.77+0.06b 4.17£0.25b 3.43+0.06b
53 1% CM 3.28+0.12a 2.69+0.07a 4.22+0.18a 7.68+0.27a 7.19£0.18a 8.21+0.06a
PR 1.26+0.03¢ 0.50+0.04¢ 0.68+0.04¢ 1.71£0.09¢ 1.14+0.12¢ 1.35£0.11¢
DM 2.54+0.06b 1.23+0.17b 3.23+0.30b 2.07+0.11b 2.11+0.27b 1.79+0.02b
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Table 3 Effects of pyrolysis temperatures on macronutrient content in biochars(% )
Feor i A st AR Pyrolysis temperature
Nutrient content  Livestock and poultry manure Material 350 °C 450 °C 550 °C 650 °C 750 °C

A HLE CM 58.88+4.14a 67.55+2.36b 61.52+0.38b 55.39+0.81c 53.09+1.66¢ 51.57+0.58¢
PR 61.97£6.51a 71.61+1.21a 69.09+2.56a 62.53+0.50b 55.61+0.86b 55.24+1.45b

DM 46.99+3.59b 73.57+0.61a 71.85+2.46a 69.24+1.60a 66.43+0.72a 62.13+1.42a

N CM 1.40+0.11a 1.23+0.11a 0.85+0.06a 0.59+0.06a 0.40+0.11a 0.41+0.13a

PR 1.15+0.03b 0.90+0.04b 0.68+0.07b 0.57+0.17a 0.51+0.12a 0.46+0.02a

DM 1.05+0.07b 0.78+0.02b 0.69+0.05b 0.67+0.05a 0.37+0.06a 0.38+0.11a

P CM 1.18+0.05¢ 1.83+0.16¢ 2.07+0.16¢ 2.35+0.09¢ 2.46+0.09¢ 2.70+0.21¢

PR 1.79+0.07b 2.94+0.11b 3.10+0.06b 3.13+0.19b 3.30+0.17b 3.33+0.12b

DM 2.32+0.16a 3.37+0.29a 4.05+0.17a 3.94+0.08a 4.28+0.07a 4.38+0.04a

K CM 2.63+0.17a 3.73+0.13a 4.33+0.10a 4.64+0.40a 5.12+0.11a 4.87+0.26a

PR 1.11+0.16b 1.45+0.17b 1.67+0.07b 1.99+0.02b 2.20+0.06b 2.47+0.17b

DM 0.83+0.07b 1.31+0.08b 1.34+0.07¢ 1.37+0.08¢ 1.36+0.08¢ 1.57£0.13¢

B CM 7.26+0.40a 9.90+0.42a 10.78+0.50a 11.85+0.39a 12.18+0.12a 12.44+0.76a
PR 6.58+0.33a 9.38+0.20a 9.79+0.09b 10.12+0.51b 10.70+0.43b 11.06+0.15b

DM 7.36+0.48a 10.06+0.66a 11.58+0.50a 11.33+0.23a 11.79+0.23a 12.29+0.29a

T AW AT LT g R 530 BN 5 Bl 5 hek 2

Note : Organic matter content of biochars was sum of volatile and fixed-C content.
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