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Hydrophilicity and hydrophobicity characteristics of typical
biochar and their influencing factors
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(Institute of Agricultural Resources and Environment/Key Laboratory of Plant Nutrition and Fertilizer in South Region of
Ministry of Agriculture and Rural Affairs/Guangdong Key Laboratory of Nutrient Cycling and Farmland Conservation,

Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract To explore the hydrophilicity and hydrophobicity characteristics of biochar and their determining
factors, biochars were obtained from six typical feedstocks under three pyrolysis temperatures and washed using
two methods including acid-alkali washing and water washing. The contact angles of different biochars and their
relation to biochar properties were analyzed by using sessile drop method and random forest analysis. The results
showed that: 1) The biochar pyrolyzed at 300 C was hydrophobic with contact angles greater than 120°, whereas
the biochar at 700 C was hydrophilic with contact angles less than 60°. The contact angles of biochar pyrolyzed
at 500 C varied with feedstock type: Those from sawdust, rice husk, and chicken manure were greater than
120° while those from maize straw, cow dung, and pig manure were less than 60°. 2) The results of random forest
analysis revealed that the pore volume, dissolved organic carbon, specific surface area, and H content were

significantly related to biochar contact angle. 3) As the pyrolysis temperature increased, dissolved organic
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carbon and H decreased while the pore volume and specific surface area increased, leading to the conversion

of biochar from hydrophobic to hydrophilic. 4) Acid-alkali washing and water washing both decreased the biochar

hydrophobicity. In conclusion, the low-temperature and high-temperature pyrolyzed biochars exhibit distinct

hydrophobicity and hydrophilicity, respectively, and water washing has application potential in reducing biochar

hydrophobicity.

Keywords biochar; washing treatment; hydrophilicity; hydrophobicity
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Fig. 1 Comparison of contact angles of biochar with various feedstocks and pyrolysis temperatures
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Fig. 2 Images of contact angle of biochar with various feedstocks and pyrolysis temperatures
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Different letters represent significant differences of contact angle for biochar with different washing treatments (P<C0.05) , while the same

letters represent no significant differences (P~>0. 05). The same below.
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2.3 EfMASEYREEBEXMEST

A= Wy B b £ 5 BE AR R G 1 B Bl L 2R AR
AT L TR 6 AR B R 145 R, /6 H (LA
AR W e I O S R AL R TR BCHE D) . R 1AL R
Yo fLRFL . DOC & & R HHMA S & 54

Yy ook 4 b AR 3 OR O, C X O 2% B 43 i Sk
7.00% .5.88% .5.40% 1 3.55% ; AW fLAE LK
Gy IR A K WA 5 AR W) e HE kR G T
FHOCHE o Fh B 6 n) D« B AR B 2 A T
FETE R AWk DOC R & & BE AR, i L A B A



78 Rkl R R 2026 4F 5 31 %%

! d

‘-‘-‘

(a,) X IR (a,) FRIRBEYS (a5) TKBEMS
(a,) Control (a,) Acid and alkali washing (a;) Water washing

(a) MSB-700 °C

é é
-“_‘

(by) X & (by) FRBR I T (by) KT
(b,) Control (b,) Acid and alkali washing (b,) Water washing

(b) PMB-700 °C

; é

(c;) XA (cy) FRHIE U (c;) KUk
(c,) Control (c,) Acid and alkali washing (c;) Water washing

() MSB-300 °C

é 3

(d,) X & (dy) PRI (dy) 7K¥E
(d,) Control (d,) Acid and alkali washing (d,) Water washing

(d) PMB-300 °C

Bs5 FAEEFLCETEMREMASSME

Fig. 5 Images of contact angle of biochar with various washing treatments
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Table 1 Relationship between contact angles and physicochemical properties of biochar

¥ or 2 8m/ % ¥or 288m/ %
e e B AL P I U 0 e TR AL I S
. . . . Increase of mean . . . . Increase of mean
Physicochemical properties of biochar Physicochemical properties of biochar
square error square error
1
fLI&FH Pore volume 7.00 ** B+ 450/ CR+ 40
. (Carbon-+Hydrogen) / ( Nitrogen+ 0.04
T 3 A B ydrog g
. . 5. 88 *x Oxygen)
Dissolved organic carbon
K4y Ash 0.01
It & AR 540
Specific surface area ) A+ % Nitrogen+ Oxygen —0.28
% Hydrogen 3.55 * & /W Hydrogen/Carbon —0.37
% Nitrogen 0.85 Bk /A Carbon/Nitrogen —0.42
i Sulphur 0.71 fik + & Carbon+Hydrogen —0.51
& Oxygen 0. 64 fit Carbon —0.53
&/ Oxygen/Carbon 0.27 fL H 1% Pore diameter —0.55

TE T3 51 3R KRR R AE P<20. 05 F1 P<C0. 01 7K P L2 A= 49y 0 452 f £ 1) . 35 S i DR 3%
Note: * and ** represent the significant influencing factors of corresponding index determining biochar contact angle at the level of P<<0. 05 and
P<20. 01, respectively.

1300 °C E22500 °C 1700 °C
025, 161 b
@ RO .
Q —
0.20} 2% b
o ™o 12 ] k2
) = £
EEois 4 8
= 2 s
\?é o $ 50 a 2
£ 5010 Ty il 2
e ‘ﬁ v-g b
k= 4 a3
0.05} =
<4 C
C A b c L c b c b
0.00 :
MSB SDB RHB CDB CMB O"MSB SDB RHB CDB CMB PMB
H W JERY Biochar type Y1287 Biochar type
0 @ @
a
5 2401 4
2l 5 .
E 8180 L5 3
= = Q
& 3 I o a
= 3 < % b
= 120} ®E 2
'H'K = e} b a
88 = c a
o ¢
60} 1 b
e ] =i 125 [ &5 ol 8
MSB SDB RHB CDB CMB PMB MSB SDB RHB CDB CMB PMB
H IR Biochar type H W IR JERY Biochar type

AN ) /INE 7 B3 7R R ] JEURE R A [ PR A I 2 ) A ) e B A B 22 S (385 (P<<0. 05) , A ) 5 B} U 7R 28 5 R (8.3 (P=>0. 05D ¢
Different letters represent significant differences of physicochemical property for biochar pyrolyzed at different temperatures under the same
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Fig. 6 Physicochemical properties of biochar with various feedstocks and pyrolysis temperatures
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