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Mechanisms of interactions between soil minerals and dissolvable biochar components

QIN Jingjing'?, LIU Yuxue®**, HE Lili**, WANG Yuying™’, LU Haohao™, CHEN Litian™, YANG Shengmao'**"

(1. College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321000, China; 2. Institute of Environment, Resource, Soil
and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 3. Engineering Research Center of Biochar of
Zhejiang Province, Hangzhou 310021, China; 4. College of Environmental and Resource Sciences, Zhejiang A&F University, Hangzhou
311300, China)

Abstract: The interactions between dissolvable biochar components and soil minerals were explored from the perspective of minerals to
reveal the mechanism of biochar stability in soil. Batch experiments on the adsorption of dissolvable biochar components by soil minerals
were carried out. Biochar was prepared from rice straw under different carbonization temperatures (RS300, RS500, and RS700). Kaolinite,
montmorillonite, and illite were selected as three representative soil minerals. The results showed that the adsorption capacity of soil
minerals gradually increased as the carbon concentration of dissolvable biochar components increased. The order of adsorption capacity of
the three soil minerals, montmorillonite>illite>kaolinite, was related directly to their structures. The proportions by which each mechanism
contributed to the stability of the representative soil minerals also differed. The binding mechanisms of both kaolinite and montmorillonite

to the dissolvable biochar components, whose contribution proportions were 3.4%~87.0% and 32.0%~82.0%, respectively, were a result of
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the van der Waals force. The binding of illite to the dissolvable components of RS300 was primarily conducted by Ca®, at a contribution
ratio of 60.4%~70.6%; its binding to RS500 and RS700, with contribution ratios of 18.7%~65.0% and 53.0%~67.6%, respectively, was a

result of the van der Waals force. Comprehensive comparative analysis shows that RS500 can inhibit the dissolution of dissolvable

components to the greatest extent by interactive combination with montmorillonite, which is conducive to utilizing the carbon sequestration

and emissions reduction advantages of biochar.

Keywords : biochar; kaolinite; montmorillonite; illite; adsorption; carbon sequestration
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Table 1 Basic physical and chemical properties of the tested biochar

. x HE R MR (RZNA #H 2

Wy 7o 5 WAy ' LR - i&ﬁ% fLIAR %E$
. . pH Electrical conductivity/  Specific surface Pore volume/  Thermal weight H/C

Biochar Yield/%  Ash content/% o N s

( rS-em ) area/(m?*- g ) (em?- g ) loss rate/%
RS300 55.243.6 17.8+0.1 7.50+0.04 321.4+0.1 27.3+0.4 0.024 1 68.1+0.2 0.93
RS500 39.9+0.4 18.9+<0.1 10.16+0.01 350.2+0.2 28.2+0.4 0.018 4 58.4+1.2 0.57
RS700 37.2+0.5 19.3+0.4 10.19+0.01 362.3+0.2 38.7+0.6 0.026 9 51.8+0.4 0.29
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Table 3 Carbon content of dissolvable components of the

tested biochar
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Table 2 Contents of C,H,0,N and inorganic mineral elements of the tested biochar(% )

A 7% Biochar C H (0] N S P K Ca Na Mg Al Si Fe Mn
RS300 40.7 3.17 48.7 0.47 0.14 0.16 5.16 0.53 0.08 0.26 0.06 0.36 0.05 0.13
RS500 40.2 1.90 47.5 0.55 0.18 0.37 6.95 0.77 0.27 0.37 0.11 0.57 0.06 0.17
RS700 39.0 0.93 50.5 0.64 0.07 0.29 6.50 0.78 0.16 0.34 0.03 0.48 0.06 0.17
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Table 4 Composition analysis and proportion of dissolvable components of the tested biochar

ARSI AELE ) 5 AT L 23 P B o B

DREE ] Proportion of different components in dissolvable

Retention &4 Compound components of biochar/%

time/min

RS300 RS500 RS700
4.58 Silanol , trimethyl—, propanoate 1.53 1.18 0.55
542 2-Pentanone ,4-hydroxy—4-methyl- 0.31 1.02 2.56
5.74 Bis(trimethylsilyl) trifluoroacetamide 0.07 0.09 0.09
6.18 Trisiloxane, octamethyl— 0.92 1.03 0.92
6.79 Disiloxane, 1, 3=bis(chloromethyl)-1,1,3, 3—tetramethyl- 0.10 0.15 0.09
7.03 Acetamide, 2,2, 2-trifluoro—N—(trimethylsilyl ) — 0.71 0.13 0.07
7.90 Hexanamide ,N-(2, 5—dimethoxyphenyl)— 2.40 1.12 243
8.20 Acetamide, 2,2, 2—trifluoro-N-(trimethylsilyl ) - 31.89 26.18 21.72
8.59 2-Propanol, 1,1, 1-trichloro—2-methyl- 0.90 3.83 1.84
8.64 Trifluoroacetamide , N—trimethylsilyloxymethyl—- <0.01 0.06 0.03
8.80 1,2-Bis(trimethylsiloxy ) ethane 0.35 0.17 0.25
9.29 5-Acetoxymethylbicyclo[2.2.1]hept—2—ene—1-carboxylic acid , methyl ester 0.19 0.44 0.14
10.16 Pentane , 2-methyl-4-keto—2~-trimethylsiloxy— 1.54 13.59 19.33
10.80 Propanoic acid , 2—[( trimethylsilyl ) oxy]~, trimethylsilyl ester 1.74 0.11 0.13
11.16 Acetic acid, [(trimethylsilyl)oxy]-, trimethylsilyl ester 1.08 0.04 0.12
12.94 Ethaneperoxoic acid, 1-cyano—1-phenylbutyl ester 17.76 23.71 18.01
13.51 2-(4-(2-Hydroxy—-3-(isopropylamino ) propoxy ) phenyl) acetamide tetratms 0.18 0.08 0.10
13.68 Trisiloxane, 1,1,1,5,5,5-hexamethyl-3, 3-bis[ (trimethylsilyl ) oxy]— 0.19 1.08 1.91
13.97 9,12, 15-Octadecatrienoic acid , 2—[(trimethylsilyl ) oxy]-1-[[ (trimethylsilyl ) oxy] 0.17 0.74 0.33
methyllethyl ester, (Z,Z,7)-

16.08 Glycerol , tris (trimethylsilyl) ether 0.38 1.49 1.65
17.12 Trisiloxane , octamethyl— 0.04 0.15 0.08
21.08 Phenol,2,4-bis(1, 1-dimethylethyl )— 0.44 0.02 0.03
21.70 2,4,6-Tri—t=butylbenzenethiol 0.30 0.28 0.21
24.02 B-DL-Lyxopyranose, 1,2,3,4—tetrakis—O—( trimethylsilyl ) - 0.12 0.19 0.15
30.40 Hexadecanoic acid, trimethylsilyl ester 0.09 0.14 0.06
38.07 Hexadecanoic acid, 2,3-bis[ (trimethylsilyl) oxy]propyl ester 1.83 2.38 222
40.39 Octadecanoic acid, 2, 3=bis[ (trimethylsilyl ) oxy]propyl ester 1.48 1.47 1.24
46.44 B—D-Galactopyranoside , methyl 2,3—bis—O—(trimethylsilyl )—, cyclic butylboronate 2.59 1.14 0.91
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Figure 1 SEM photos of rice straw biochar(x25 000 times )
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components of biochar in different background solutions
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