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Section S1. XDLVO interactions
To evaluate the effect of LWMOAs on the aggregation kinetics of biochar colloids (PB and WB) at pH 4 and 6, the extended Derjaguin-Landau-Verwey-Overbeek (XDLVO) theory was used to establish the interaction between the colloidal biochars The total energy of colloids-sand included Lifshitz-van der Waals (LW), the electrostatic double layer (EL), and the Lewis acid-base (AB) interaction energy. For a sphere-sphere configuration of particles with the same radius, the calculated equations are as follow [1-4] (Gregory,1981, van Oss et al., 1988, van Oss, 2003): 
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where  is the total interaction energy between biochar colloid and biochar colloid, is the Lifshitz-van der Waals component,  is the electrostatic double layer component,  is the Lewis acid-base component, R represents the radius of colloidal biochar, h is the separation distance between the particles, h0 represents the minimum distance between two particles at 20°C (h0 was assumed to be 0.157 ± 0.01 nm) (van Oss et al., 1988),  = 1.0 nm (for distances h  1.0 nm) is the characteristic length of water,  is the permittivity of the medium;  is the stern potential of the particle (which can be replaced by the zeta potential). A121 is the combined Hamaker constant for a particle-water-particle system, κ is the Debye-Hückel reciprocal length, and  is the AB interaction free energy per unit area corresponding to. 

Table S1. The structure, molecular weight, zeta potential (mV) and acidity coefficient (pKa) of the three LMWOAs (low molecular weight organic acids).
	[bookmark: _Hlk76505082]LMWOAs
	Structure
	Molecular formula
	Molecular weight
	Zeta potential 
	[bookmark: _Hlk69383813]pKa

	
	
	
	
	(mV) a
	pKa1
	pKa2
	[bookmark: OLE_LINK99][bookmark: OLE_LINK100]pKa3

	Oxalic acid (OA)
	[image: ]
	C2H2O4
	90.03
	-17.1 ± 1.1 (pH 4)
-38.8 ± 2.3 (pH 6)
	1.22
	4.19
	-

	[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: _Hlk516577320]Citric acid (CA)
	[image: ]
	C6H8O7
	192.13
	-6.6 ± 1.6 (pH 4)
-30.9 ± 2.3 (pH 6)
	3.13
	4.76
	6.40

	Malic acid (MA)
	[image: ]
	C4H4O4
	134.09
	13.8 ± 0.7 (pH 4)
-29.9 ± 1.6 (pH 6)
	3.41
	5.12
	-


a- The zeta potential of oxalic acid (OA), citric acid (CA) and malic acid (MA) were measured 1 mM NaCl at pH 4 and 6 in the room temperature (25 ℃).



Table S2. The physi-chemical properties of the pine-wood and wheat-straw derived biochar.
	Properties
	[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Pine-wood biochar
	Wheat-straw biochar

	Pyrolysis temperature (℃)
	600
	600

	Heating rate (℃ min-1)
	20
	20

	Yield (%)
	23.1
	29.4

	Ash (%)
	1.6
	20.7

	pH
	9.9
	9.7

	EC (mS cm-1)
	1.0
	10.6

	C (%)
	68.8
	62.3

	N (%)
	0.5
	0.7

	O (%)
	28.8
	34.3

	H (%)
	1.9
	2.8

	H/C
	0.03
	0.04

	O/C
	0.4
	0.4

	(O+N)/C
	0.4
	0.6

	[bookmark: OLE_LINK50][bookmark: OLE_LINK49]Carboxylic (mmol g-1)
	0.04
	0.01

	[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Lactonic (mmol g-1)
	0.07
	0.07

	Phenolic (mmol g-1)
	0.09
	0.04

	Total a
	0.20
	0.12


[bookmark: OLE_LINK484][bookmark: OLE_LINK485][bookmark: OLE_LINK105][bookmark: OLE_LINK106]a- Total means the total oxygen-contained functional groups (mmol g-1) from the sum of carboxylic, lactonic, and phenolic.


[image: ]
Figure S1. FTIR spectra for fine biochar particles of pine-wood (PB) and wheat-straw (WB). 

[image: ]
[bookmark: OLE_LINK233][bookmark: OLE_LINK234]Figure S2. Aggregation profiles of PB colloids as a function of electrolyte NaCl concentrations at pH 4 with the low molecular weight organic acids (LMWOAs, 1 mM). The oxalic, citric and malic acids were the three typical LMWOAs selected in our study, named OA, CA and MA, respectively. 




[image: ]
Figure S3. Aggregation profiles of WB colloids as a function of electrolyte NaCl concentrations at pH 4 with the low molecular weight organic acids (LMWOAs, 1 mM). 



[image: ]
Figure S4. Aggregation profiles of PB colloids as a function of electrolyte NaCl concentrations at pH 6 with the low molecular weight organic acids (LMWOAs, 1 mM). 



[image: ]
Figure S5. Aggregation profiles of WB colloids as a function of electrolyte NaCl concentrations at pH 6 with the low molecular weight organic acids (LMWOAs, 1 mM). 
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