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Effects of carbonization temperature on physicochemical properties of
plant-based biochar and perishable waste biochar

SHI Tengnan' ZHANG Min' CHEN Zhian' JIANG Jianwu' SHEN Sihan'
SHI Yun' LIU Xiaoxid® YU Yijun® ** SHAN Shengdao'
(1. Key Laboratory of Recycling and Eco-treatment of Waste Biomass of Zhejiang Province, Zhejiang University of Science and
Technology, Hangzhou, 310023, China; 2. Zhejiang Cultivated Land Quality and Fertilizer Management Station, Hangzhou,
310020, China)

Abstract Perishable waste has the characteristics of large output and high organic perishability,
which brings serious environmental pressure and waste of resources. Agricultural application of
pyrolyzed perishable waste is an effective way for its reduction treatment and resource utilization. In
this study, walnut shell, maize straw and perishable waste were pyrolyzed to produce biochars at

350 °C, 500 °C and 650°C, respectively. The physicochemical properties between plant-based biochar
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and perishable waste biochar were studied. The results showed that the perishable waste biochar
(PWB) had lower carbon (C), higher nitrogen (N) and higher ash contents, compared with the walnut
shell biochar (WSB) and maize straw biochar (MB). The influence of carbonization temperature on
element compositions of perishable waste was weaker than that of the others. With the increasing of
carbonization temperature from 350°C to 650°C, the C contents of WSB and MB increased by 24.6%
and 13.2% respectively, and the H/C ratios decreased by 58.7% and 34.7% respectively. While, there
was no significant influence of temperature on the C content of PWB, except for that H/C ratio
decreased by 18.0%. The pH value, EC, water-soluble K" and Na' content of biochars increased with
the increasing of carbonization temperature. The results of correlation analysis showed that ash
content was negatively correlated to the C content, C/N ratio, and water-soluble K" content, and
positively correlated to N content, water-soluble Na® content and pH value. It suggested that high ash
content is the main contributor to the weak response of perishable waste biochar to carbonization
temperature, and that the perishable waste biochar can provide rich mineral nutrients for soil.

Keywords  pyrolysis carbonization, ash, feedstock, temperature, perishable waste,

physicochemical properties.
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1 M¥5 77 (Materials and methods)
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Table 1 Element composition of biochars with different carbonization temperature and raw feedstocks

HA Bl HALIRIE/ °C Elemerﬁﬁ?mﬁﬁosition Atii E[;tio
Biochar ~ Carbonization temperature % 1% 0% N%  AAsh%  O/C we  (0N)/C  ON
350 47.68¢c 3.64a 34.08a 1.42d 13.18¢ 0.54a 0.92a 0.56a 39.21b
WSB 500 52.49b 2.28d 21.52b 1.28¢ 22.44d 0.31bc 0.52¢ 0.33¢ 47.96a
650 59.41a 1.88f 12.32d 1.40d  24.99cd 0.16e 0.38g 0.18e 49.43a
350 46.81c 2.80b 19990  2.12ab  28.28b 0.32bc 0.72b 0.36bc  25.76e
MB 500 51.97b 2.40c 15.88¢c  2.12ab  27.63bc 0.23d 0.55d 0.26d 28.55d
650 53.01b 2.09% 15.84c  2.04bc  27.02bc 0.22d 0.47f 0.26d 30.32¢
350 35.16d 1.79f 12.86d 2.16a 48.02a 0.28cd 0.61c 0.33¢ 18.97f
PWB 500 34.13d 1.45¢g 15.79¢ 1.99¢ 46.64a 0.35b 0.51e 0.40b 19.99f
650 35.17d 1.45¢g 12.67d  2.09abc  48.61a 0.27cd  0.50ef 0.32¢ 19.66f

e AR NG FBE R R AL 3R] 25 7 1 3 (P<<0.05). Rl
Notes: Different lowercase letters showed significant difference among treatments (P < 0.05). The same below.
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Fig.1 FTIR spectrum of biochars derived from different feedstocks (a.walnut shell, b.maize straw, c.perishable waste) at

different carbonization temperature
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W MB., WSB. PWB 7K i PE Kk & 10 Bl 653.7—848.5 mg kg™, fi T MB H1 WSB.Ff % 7% 1k 1L 114
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Fig.2 SEM and EDS analysis of biochars derived from different feedstocks at different carbonization temperature
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W I RS AE , IR A3 % A= ) I e Hoph e 38 AT — 5 I AR/ 2 2392, Mcbeath 555 BIF58 6 B, IR 43 & &
T, XA HLAL S R AE TR 0 PRIV A, RTE e A 0 e 1) 5 A e, T 8 e AR T R Ak 2 R
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Fig.3 pH (a),dEC (b), water soluble Na" concentration (¢) and K* concentration (d) of biochars

R2 VTSR T

Table 2 Correlation analysis of physicochemical properties of biochars

£z

Index C N o (ON)/IC o/ H/C CN Na* K Ash pH EC
Ash  -0.819" 0.641" -0.693" -0.182 -0287 -0377 -0.783" 0.934" -0.522" 1
pH 0.077 0214  -0.854" -0.757" -0.789 -0.924" -0.119  0.466°  -0.063  0.565" 1
EC 0332  0442° -0393 -0.534" -0537" -0251 -0.127  0.146  0.851"  -0.038  0.145 1

e # RS RIFRIRAE P<0.05 7K 1k 3 AR SE FILP<0.0 17K -4 Sk AR G,

Notes: * and ** indicate significant correlation at P<0.05 and extremely significant correlation at P<0.01 respectively.
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PC2(32.1%)

PC1(49.2%)

4 YRR IR E L AT

Fig.4 Principal component analysis diagram of each index of biochars
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3 458 (Conclusion)

(1) R ORES B Al BE A AN [R], BT 58 A9 A= 9 o BRAL R AR AR BOR 22 57, 5 4l W) RE ISR AT L
o JB5 BESRAE 72 BY AR W) RORAFAE K 3 - N i e 5L BT RO R S8 70, PERE A X AR RE , H B B A
Jiti .

(2) JR 53 S 52 Wiy £ 0y Jo PR ARR IR B S B DKL - 2 W00 ¢ Y R 5 R/ 1y o JB8 3 > 6 AR RS AT e>10
Bk e, KT, AR B pH 5 EC H UK, k% i AR, 52 ¢ AR RE A 52 i B/ .
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