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Abstract: [Objective] To establish a set of method suitable for quality evaluation of biochar and to explore
the main factors influencing biochar quality. [Method] Toally 24 biochars (Y 1-Y24) were prepared from eight
biomass materials under three different temperatures. Sixteen quality indexes of biochars were measured, and
the data were converted using the subordinate function. SPSS 19.0 was used for factor analysis. Factor loading
matrix was obtained using the biquadratic maximum rotation method. The comprehensive evaluation scores
were calculated. Correlation analysis and factor analysis were performed for the 16 indexes, and the

comprehensive evaluation system of biochar quality was established based on factor analysis. The biochars were
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ranked using the comprehensive evaluation scores. [Result] Through factor analysis of 16 quality indexes of

24 biochars, we extracted five common factors with eigenvalues above one and their cumulative variance

contribution was 77.910%. The first common factor consisted of carbon content, cation exchange capacity

(CEC) and pH, with variance contribution of 31.090%. The second common factor consisted of specific surface

area and pore volume, with variance contribution of 19.878%. The third common factor consisted of hydrogen

atom content with variance contribution of 12.819%. The fourth common factor consisted of phosphorus and

potassium contents with variance contribution of 7.479%. The fifth common factor consisted of maximum

adsorption capacity of NH, -N with variance contribution of 6.643%. [Conclusion] Factor analysis is a good

statistical method for evaluating biochar quality. The key factors affecting biochar quality include chemical

characteristic factors (C content, C/N ratio, C/H ratio, pH and CEC), physical characteristic factors (specific

surface area and pore volume), active energy factor (H atom content), nutrition factor (P and K contents) and

maximum adsorption capacity of NH, -N.

Key words: biochar; quality index; pyrolysis condition; factor analysis; comprehensive evaluation
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Table 1 Raw materials of different biochars

HEMIFRIR O/ C

T , {615
Number Ra“f Pyrolysis Shorthand
material temperature
Y1 ¥ Banana leaf 350 BL350
Y2 #&#EM Banana leaf 500 BL500
Y3 M Banana leaf 650 BL650
Y4 7 #2 Banana stalk 350 BS350
Y5 Fr#5% Banana stalk 500 BS500
Y6 FFEZX Banana stalk 650 BS650
Y7 # %1% Banana pseudo stem 350 BP350
Y8 FFFEMHA Banana pseudo stem 500 BP500
Y9 A Banana pseudo stem 650 BP650
Y10 HEEM Sugarcane leaf 350 SL350
Y11 H#EM Sugarcane leaf 500 SL500
Y12 HEM Sugarcane leaf 650 SL650
Y13 H i Sugarcane stalk 350 $8350
Y14 HHER Sugarcane stalk 500 SS500
Y15 HER Sugarcane stalk 650 SS650
Y16 ARZEZEAT Cassava stem 350 CS350
Y17 KZEZEFF Cassava stem 500 CS500
Y18 AKEZH Cassava stem 650 CS650
Y19 ZH Mulberry stalk 350 MS350
Y20 FH Mulberry stalk 500 MS500
Y21 ZFKi Mulberry stalk 650 MS650
Y22 1M Eucalyptus branch 350 EB350
Y23 FM Y Eucalyptus branch 500 EB500
Y24 FEMFE Eucalyptus branch 650 EB650
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Table 3 Correlation coefficients matrix of 16 quality indexes of 24 biochars
EEL
Index X3 X4 X5 X6 X7 X8 X9 X0 XIl XI12 XI3 XlI4 XI5 X6
X1 109637 —0.666" 0.465 0.146 0.057 0.246"—0.6227-0.067 —0.079 0.031 0.212 —0.100 —0.122 —0.020 —0.224
X2 1 —0.690 0.448™ 0.038 0.002 0.215 —0.663"-0.001 —0.108 —0.015 0.224 —0.125 —0.063 0.007 —0.122
X3 1 —0.060 —0.184 —0.068 —0.319™ 0.585™ 0.079 0.151 —0.031 —0.257° 0.000 —0.102 0.075 0.408"
X4 1 —0.090 —0.139 —0.135 —0.217 0.223 0.057 —0.157 —0.096 —0.087 —0.053 0.237" -0.007
X5 1 0.337" 0.550"-0.165 —0.457"°-0.148 0.486" 0.456" 0.037 —0.4197-0.181 —0.251
X6 1 0.5617-0.065 —0.604"-0.271" 0.457" 0.522" 0.024 —0.332" 0.259" —0.091
X7 1 —0.3647-0.757"-0.148  0.759" 0.782” 0.121 —0.346"-0.140 —0.212
X8 1 0216 0.242°—0.233"-0.425" 0.045 0.109 0.078 0.201
X9 1 0.4117-0.922"-0.745"-0.098  0.453" 0.109 —0.019
X10 1 ~0.3327-0.688" 0.178 0.3347-0.159 —0.405"
X11 1 0.719" 0.188 —0.373"-0.190 0.043
X12 1 —0.016 —0.418" 0.047 0.131
X13 1 0.416"-0.256" —0.152
X14 1 —0.074 —0.146
X15 1 0.220
X16 1

1) X1: o R @4R; X2: 3U5; X3: 3125 X4: 13 %5 X5: [ 8 F 32 ; X6: pH; X7: C 485 X8: AW AE; X9: N 48;X10: H
AF;XI11:C/H REW; X12: C/N AEFW®;X13: P 4%F;X14: K 4F;X15:NH,N ZREWF;X16:NO; -N R XA E;
x> Fa kx> S5 R R 0.05 F2 0.01 KT REFAAX

1) X1: Specific surface area; X2: Pore volume; X3: Pore diameter; X4: Yield; X5: Cation exchange capacity; X6: pH; X7: C
content; X8: Organic material content; X9: N content; X10: H content; X11: C/H mass ratio; X12: C/N mass ratio; X13: P content;
X14: K content; X15: Maximum adsorption capacity of NH,"-N; X16: Maximum adsorption capacity of NO; -N; “*” and “**”

indicate significant correlation at 0.05 and 0.01 levels, respectively
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Table 4 Factor loadings of 16 quality indexes of 24 biochars

FHIEFEAR AT 1 HF 2 HF 3 HTF 4 HF 5
Specific index Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

LR T Surface area 0.051 0.926 0.088 -0.126 0.050
L% Pore volume —-0.015 0.951 -0.026 -0.081 0.052
#L4% Pore diameter ~0.149 —0.798 —0.138 —0.158 0.068
2% Yield -0.273 0.463 0.047 -0.209 0.350
PH BT 32 45 Cation exchange capacity 0.644 0.068 0.299 -0.301 -0.203
TR pH 0.724 -0.046 0.090 0.002 0.503
C & C content 0.878 0.229 0.130 0.023 —0.046
H ML 2 & Organic material content -0.235 —0.785 0.103 -0.007 0.116
N & N content -0.915 0.005 0.159 0.019 0.053
H % & H content -0.376 —0.155 0.760 0.131 -0.070
/N 5 Lt C/N ratio 0.877 -0.010 —0.155 0.037 —0.165

C/H =k C/H ratio 0.820 0.255 -0.398 —0.051 0.040

P 4 & P content 0.162 -0.076 0.143 0.802 -0.135
K % K content ~0.455 0.014 0.105 0.779 -0.021
NH,-N K B Maximum adsorption capacity of NH,'-N -0.082 -0.028 -0.163 -0.108 0.902
NO;-N f5 K fft & Maximum adsorption capacity of NO;-N -0.118 ~0.249 -0.824 -0.127 0.084
KHIEMH Eigenvalue 4.974 3.181 2.051 1.197 1.063
J5 ZE BTk 2 /% Variance contribution 31.090 19.878 12.819 7.479 6.643
B Z 0Tk #/% Commulative variance contribution 31.090 50.968 63.787 71.267 77.910
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0.16~0.19 mL-g s H /K J2 Y20.Y2. Y18 Al Y19,
LA R P B 5T 40 b SR T AR AE 22,62~

222.77 em*g ', fLAAE 0.06~0.12 mL-g '

AT 3(REER 1) #F, L Y10, Y13, Y12
i A, X LA MR e R R H & & (w) £E
2.00%~3.99%; HXFE Y23, Y17, Y22, XL R
FIREE R T H & & (w) 7F 2.40%~2.53%.

AT 4CEFRET) 7, BL Y2, Y20,
Y17 A, XILANMEHT P & & (w) £ 5.11~7.04
g'kg!, K &8 (w) £ 79.96~193.95 g-kg™'; H 2
Y13.Y22.Y19. Y11 F1 Y3, XJLMN R P & &
(w) £ 2.45~3.57 g'kg ', K & & (w) 1£ 10.27~
4526 g'kg s

N SR AR B 1) JE 7, BLYe.
Y4.Y5 Y24 st s, X LA A RE I e S U
B BE JI7E 1 668.11~2 040.40 mg-kg™'; H k& Y22,
Y72 Y3, Y2 FY 11, 3 LR B3 W i e 0
7 1 468.59~1 860.03 mg.kg .

oA RT3 HEP, DL Y24 SRR, Hk
J Y6.Y23.Y17.Y18.Y15.Y3.Y20.Y11,Y21,
Y12.Y5.Y9 Ml Y22, i RUf.
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ANTE AR I A RE, A 5] ] £ S5 A 3R A3 B AR IR
oot O PR DR A 2 R P A BLARE P WO B AR E SE
JiT, W KR BRI AR 2, EVR IV 2 IR
FLA T B VDA G, I S IR 2 () BE AR BT, XA
—E WIAH RN, 2 BRI 23 BT ik v] DAAE B R IR B
JRAAE B EOLS, B E H B> HAH B ST 1) 4R
P FAREREH B 2 HAL AR R IR AR0,

AR G638 1 K o M R B, X AR A i R R
R T e R, HoRB fRAsh C &
. C/N Eb. C/H Eb. pH M1 CEC, iX S8 bn 0t A= ¥ o5
vl JBT PRS2 0 T3 R 2 14 F) 31.090%. Novotny 552 (1)
W45 R B, C & 22 MR i EZE 1 i 18
B o FLUGRP BRI 5T DR 7, FLOCBE TR AR o LR T A
FFLES, 1K EEFE brof A2 o i JoE (1) 5% 1 03 iR 2 0 2]
19.878%, Yang %50 () 7L R BH, LR I ARANFLEE
H5AEMRE MG AR HEVIN KRR 563 205
feRe B 7, HoRB bR 2 H & &, H R T#0AA
AR rE R A U a2 E IR TR
A S B BE 7 TR, OO AR A R A ) DT R AL
/N o AR AR it ot R R B 5 R AR AR
2T RALER 50% LA L, 2 AR BR IG5~
10 fi%, W] WL C & & C/N k. C/H. pH. CEC. L3
FRURIFLAS 2 52T A ) e it O e O B ) TR - b, L
UHE H R TS E.P A K & &L NH, N #i
N

HRAE 24 S Hk H T Fa bn Xt 24 P AR A KL EAT
He 4 5 R I, b o e A B AR PR B RE, DG B R 1
JIT 48 0] (1) 8 OB br B BUE AE 24 P AR AR
IR A2 5t e B 1), TR 23 i 1R 46 R 5 S A
e FF G YA R o A S v DUE B T AR E W)
PEIRFE TR b, 4R HA 52 M A= W) ¢ i JoT 1) e o S e L L
[FEAR, BT DA AR DR 456 i T 5 i

A R 20 1 45 SR HE T R I, A AR 4 AR 4 ok
Ak 25 i 5T R Rl 4, s A K AR PR AR Y 9
(BP650). Y15 (SS650). Y12 (SL650) . Y6
(BS650) fl1 Y18 (CS650), i Z 1 H Y22 (EB350).
Y1 (BL350). Y19 (MS350). Y7 (BP350) Al Y16
(CS350), AJ LT P52 bk v R A 2 19 B4 25 it s R R 1)
AWK, 5 Singh SR FEAE RAHAL, ARG K I
BRI (AR L B B R A R L AT
A2 5T o AR 5T R TR s S R AR R
¥EF Y24 (EB650). Y22 (EB350). Y23 (EB500).
Y3 (BL650) fl Y21 (MS650), B ZHH Y7

(BP350). Y13 (SS350). Y4 (BS350). Y5 (BS500) A
Y12 (SL650), Wt B A5 AL FE BE i R A4 Ak b B A b
BHA AR P ER I T, B 7T 45 SR 5 Demirbas 5577
I T g AR L. %256 70 R o, setiize
Yw M BLA Y24 (EB650). Y6 (BS650). Y17
(CC500) F1 Y18(CC650), I Z M4 Y7 (BP350).
Y1 (BL350). Y16 (CS350). Y19 (MS350) #1 Y22
(EB350), KRR SR E T, ARBTAHE R & R
il £ 10 A2 0 ok B 27 VR AR T K0 o I B AR 2 A
Wi, AR R A FE 22 AR Y6 (BS650) 54 i Jiit
WIS R &S . nl WL, 8 PR 23 ik it A= o
() it B EAT VR FE, BT AR IR N M A2 4R B 2 (0 4E
S H5 7 U FE N AR ) o SRR A ) e b SO PR S
A B TPk o BUIR R AR AR, DL T
AP SRR R B . LEARES AR R 1) ) £ I DA
500~650 °C i, A5 AR AP IR 1 25 il JoT B2
i, (HEASEPRL A WAL 27 it ot AR
AHEFEEE R R, R4 B 77 0] DA T
AW R T R B o AT VRAR 7, T E
SN AEIR i OB R R R R (C B &
C/N Lt C/H. pH #1 CEC). 3 %: Jofi K ¥ (bt A
AL SRR ER 7 (H R P& &) BT
(P A K (1) 5 &) FES R ae 71K+, 24 th A=)
MBI ERE VRN HE TN Y24, Y6, Y23, Y17,
Y18.Y15.Y3.Y20.Y11.Y21.Y12.Y5.Y9. Y22,
Y14.Y13.Y10.Y2. Y8 Y4. Y19.Y16. Y1 Al Y7,
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