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DLVO ) S THA UKL BR 52 ( Hamaker ) 5 8CFIAH ELAE AR . SR ERW] . 38 1 IS L 9K IURL I T35 B A2 53 51 94.00
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Abstract: [ Objective ]Soil nanoparticles are organic-mineral complexes. It is of great practical significance to study stability of
the suspension of natural soil nanoparticles. However, so far little attention has been paid to effect of organic-mineral complexes

on stability of soil nanoparticles, and let alone its mechanism. [ Method] In this study soil nanoparticles were extracted,
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separately, from soil samples of Lou soil and cinnamon soil before and after soil organic matter was removed with the aid of
the ultrasonic dispersion method and the Stokes’ law based high-speed centrifugation method for analysis of particle size
distribution, zeta potential, critical coagulation concentration(CCC) in NaCl and CaCl, solutions and characterized with the
dynamic light scattering technique. Furthermore, Hamaker constants of and interaction energies between the soil nanoparticles
were calcuated in line with the DLVO(Derjauin-Landau-Verwey-Overbeek) theory, mechanism of organic matter removal
affecting stability of soil nanoparticle suspensions explored and role of organic-mineral complexation in stabilizing soil
aggregates explained. [ Result] Results show that the Lou and cinnamon soil nanoparticles were 94.00 nm and 88.20 nm,
respectively, in average diameter and the OMR(organic matter removed) loess nanoparticles slightly higher than 100 nm; the
obtained loess nanoparticles were all of the polydisperse system and quite approximate to each other in ploydispersity. The
nanoparticles in the all the four types of loess soil samples carried negative charge on the surface and their zeta potential
increased with rising pH of the solution in absolute value due to deprotonation of the functional groups on the surface of the
organic matter. Compared with the nanoparticles in the Lou and cinnamon soils, those in the OMR Lou and cinnamon were
lower in absolute value of the zeta potential as they were lower in organic organic matter. The nanoparticles in the Lou and
cinamon soils were 1.70 mmol-L™" and 1.51 mmol-L™', respectively, in CCC while those in the OMR Lou and cinnamon soils
were 10.58 mmol-L™" and 11.69 mmol-L™"; Obviously, removal of organic matter enhanced stability of the nanoparticle
suspension. Based on DLVO-based simulation, the nanoparticles in the Lou and cinnamon soils in vacuum were 6.86 x 102" J
and 9.73 x 1072° J, in Hamaker constant and those in the OMR Lou and cinnamon soils were only 3.14 x 107° J and 3.40 x
107%° J. Apparently, the Hamaker constants of the latters were lower than the formers and so were their van der Waals attractive
potential energies. Lower absolute values of the zeta potentials of the nanoparticles in the OMR loess soils resulted in reduced
electrostatic repulsive potential energies. Therefore, the removal of organic matter reduced both the van der Waals attractive
potential energies and electrostatic repulsive potential energies of the nanoparticles in the loess soils. But the decrements in
van der Waals attractive potential energy were higher in magnitue than those in electrostatic repulsive potential energy. Further
calculations demonstrate that the nanoparticles in the OMR loess soils were higher in total potential energy than those in the
Lou and cinnamon soils, which resulted in higher CCCs and higher dispersion stability of the suspensions. [ Conclusion] The
presence of organic matter affects stability of the nanoparticles in loess soils through adjusting both attractive and repulsive
potential energies. The complexation of organic-mineral alters soil nanoparticle composition, which in turn determined their
Hamaker constant. Removal of organic matter reduces Hamaker constants of the nanoparticles in loess, leading to low
attractive potential energy between nanoparticles in OMR Lou and cinnamon soil. Therefore, it is concluded that
organic-mineral complexation may enhance stability of soil aggregates through increasing Hamaker constant.
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1.1 HEHERFEMLE

ARFFEREE L FZ L (0~28 cm) Fildlh +3
E+ (0~20 cm) fERAEHA T8, AR APENA
WX, Y ARHE 5 1ok FBRPE A A
EH, YA RN AR, RENMEL gL
FATE 1 mm 5, (R RITE I
PR A AR B P IRPY. £HE pH SR AT HLHR
B (KA 2.5 0 1) WE; FHEFAcHit (CEC)
K CTRAN R — K MGG I A 5 B R S 7 ok
FAAEEINGE 5 T 3EHUBR L A 10 S A (MS
2000 POGRLEAL, SR, SE) WE; Loy
Fh2E0E X SHRATHMY (ZX 2012, Ultima IV, H
A) ME o R REAK F A R bR e A LR,
[Fi] i 1) FH 0 R S P itk 3 Sl I 2 2 B A ML B i
Ja HIERAPLET S 5
1.2 TEMKBRAIRE

AR5 SR FH R P 3 10RO TR B +
YR P FRE 50 g HRET 500 mL BEFR N, S
LK ZE i R 2B HECA ©15 A8 R FF 0 40 ik i
% (X0-900 D, R SEBRAX A% il 1 A BR 2 ) ) #E
50%11% (450W ) A5/ N F 4 H L h, of PR
FREREETE 30°C LN WG B E 5 LM
R Ak Ei KRR, AL (I1B-200
R, R RIC R R ) Bidk | h A BT
Sy H BREFEE IR RS L 300 B, LATH
T BAE KA T 2 mm NE . KR DIE i
( Stokes ) 7 P24 1 B 4 HE 40 ok Wik (1~
100 nm ) FT A ES L EE N 9 500 r-min~', As[E] A
9'25" ik B3 (1% 38 A A - G K ATORE LA K 25 L
8 R A LTS £ AOR R R IR TE 4 CAHF T IR
fE8 M.
1.3 FEIRBEFGT T IENAK BRI zeta FBALNIE

ARWFFE (6 A Omni HL{4X ( NanoBrook Omni,
Brookhaven A F], 32 ) 7Y BI-ZTU H sk &
R BN pH 451 T 90K BRI zeta HL AV 77
E . BCH 100 mg LT B 9K BB B R, ik
107 mol-L™" ) NaCl ¥ fE A i, TI/ER
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JEh 25 °C, WEMIAAM N pH 3~11, {U&RH3)
%51 °0.1 mol-L™" & 0.001 mol-L™" i HC1 Fll NaOH i
TR AT B pH I MR pH 514 N Y zeta HLAZ,
FEEME 3K, BAE LYK POR Y zeta HLAL
BV pH AR ZR . RIS zeta HLAZ 20T R
( ZetaPALS, Brookhaven A, 3EHE ) Ml%E T pH 8
B = 3B 0 oK kL 76 A [R) ¥k BE CaCl, 76 WP Y zeta HA
A (R AR bR R AT EOE R ).

14 TIBEAKBHAIREMERLE

AHEFE A B S ( NanoBrook Omni,

Brookhaven /A ], & ) I #& + 94K Ok BLAR K
AN B W AR R B R B St R A KA
635 nm, HUH AR 90°5% . KEEW pH h 8,
Fid R 100 mg L™, 5 4 40 KU AR A [R] e
J& NaCl Fl CaCl, HLfff J v i i) B8 2R 3l ) 2 i 26
IXESBERG 2 min H Bhid s — KA RCE R, M A
K30 min. FTA WA RTIYE L 0.22 pm S8R
V& PRI Py, WEDN 3G K ORI 7 NaCl Al
CaCl, HLf# B vA W 19 RLA B BRI DLA BB, JFit
AR RO E T RBRSE R oY, A B
HRE 4 2B o I PR AR TR 2 1 8 A 43 UL B A 2
HZ, HLZRRBEATRER N CCC (YA TRy
FHXTEOE AR ).

1.5 TG0 K R B e BR 52 UL & R AL (8] 48

EiERBEItE

R DLVO B, 7 o g K ks 14 A0 B4 H 3=
B2 DLVO & 1 #l, GOR ORI (4 S35 68 v il
flden] Ji3hae va R HE R e Ve 2, FERGER
SRR SN A RIS RS R a0, B
B W K E A T JH S50, FH MATLAB 2014 b #4F40
AT 3 5 A5 B A AR ITURE E 23 UK P G B
wHUE! >,
2 FR50He
2.1 ETHEBLTHELRELER

PR+ R+ I8 - A SR A B PE B 2 1 fr
No BEEFRL . WPRLRER R S A R 25.40% (A
B, T D). 40.55%F1 34.05%, # AR & &
IR 27.96% ., 44.86%F 27.18%. 1+ F1 1K)
pH ¥J#EiE T 8, CEC AHif; # 1/ CaCO; &t T
Wt AN EEF LT YR ERA, WL
AN s RS AR ER A DL S R
12.53 g-kg ' A1 15.86 g-kg ', A HLTALBR)S , AL
SRS 7.01 gkg ' F19.27 gkg !, HHBLT
44%FH1 42%.,

Fz1 BXRETWERBLMR
Table 1 Physical and chemical properties of Lou and cinnamon soils
o o I
o PR TFACH®  CaCOy SR WIRRABLR®  AbSMEAHLR®
TR pH /gkg! /gkg! /gkg!
/emol-kg™! /g-kg™! /g-kg™ /g-kg™!
<2 um <2 um <2 pum
o 8.34 25.93 51.67 12.53 7.01 440 190 210
wt" 8.32 22.16 82.5 15.86 9.27 270 300 270

DSoil type, @Cation exchange capacity, ©&CaCO;, @Initial organic matter content, ®Final organic matter content, ®Illite, @

Kaolinite, ®Chlorite, @Lou soil, (OCinnamon soil

T AR A, BRIRES 2 B R R R
B RSy, O B IR 51 5 k) - LR AN K UK 35E 2R
CCC fH M ] REMEHEAT IR 2L o34 o A SCrh g oK kLA
TFB A MR BE A 200 mg L', 7EAR % e K i
KPR IRAS A R S RIERRIRES S (R 1) ik
MITEOL T, DABKRFRES & A8 2 (4 LTk 58 mT LA
BB PR RS A BN 0.16 mmol L', B8+

YRR IR 14 Tl 198 5 4 350 5 PR R TS 5 —F O Uk B ARy
0.16 mmol-L™'; ERERFE)E THEAY), ik, SCPrfg
A )65 5 S DU B/ AR SCrh Ca R 2R 356 3R 1 H f
JE e B AT R 4 4K BRA 0.8~ 10 mmol-L7',
LA DURD A BUR A 2~100 mmol-L™", i, +3Eg
KIURE BT 558 R 5 AT R TR I 1Y) 595 5 1 A5 i X A
SCHP B e R A RS AR /N, ELX D A A K R0k 1Y)
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R AR — 2, A S
22 EHIABHEKEZEST

AHIF T FE AR BUAS 2 DU b4l K ok, HELAR KN
MM AT a2 2 Frzs . 38 - e £ 40 K B0k A SF
Y3 H AR5 518 94.00 nm £ 88.20 nm, FAHLFIE L
26 BT - 409 oK S0 B S X5 AR ) 4 B
116.1 nm Fl 135.5 nm, J&#& M AR THI#E . Y
Pk ki e T 2ok R, HE2080E R
0.264~0.282, s AR ER N —F.

2 BIMKFNHNEREXNSSH
Table 2 Particle size and distribution of the nanoparticles in loess

WR RS HESEC

REE AR Lo g
/nm /nm
B+ AR TR 94.00  25.54~360.9  0.282
FAHTIE AR BOR  116.1 33.57~418.0  0.264
A8 AR 8820  23.69~3152  0.279

FAPFE LB 1355 39.19~507.8 0.279

DSoil sample, @Particle size, @ Size distribution, @
Polydispersity, (®Nanoparticles in Lou soil, @Nanoparticles in
organic matter-removed Lou soil, @Nanoparticles in cinnamon

soil, (®Nanoparticles in organic matter-removed cinnamon soil.

2.3 EIHAKFKH zeta BAL

DU A g K Ok AR AN R pH 2544 F 1Y zeta HELVAH
W1 B7R o fE pH 3 ~ 10 MSEHE, DUF 44K BokE
1) zeta HLAE 3R (A, 26 WG9 K 0B 3R TRTHT 17 L
H BV RGO IBRL zeta FE A 40X (/N T AH 7]
pH 50 P4 1 HIEYORRL . Zeta FEAZRE pH 1978
LB B EL: 24 pH < 6 i, zeta A7 ZEXHE
Bl pH P3RS 2 pH = 6 B, zeta A4
XHERE pH ARSI RRES . 78 pH 3~10 JEREN, #
T YRR zeta HL 7 LEXHELURZORAFAE 24 mV LLL,
M 2ERADLUT LA | zeta FAAZEXHE RIS R 17~
23 mV, pH <4320, ZfE/NT 20 mV, EERAHLR
HiiJ5 zeta O AEXHE R 22 R IAZRRE S mV DL . 15
YRR B AR A S 3 - eI AR (L B 4
EBEEVURLIG, zeta FLOIZXHEMAILIERIE 19~
26 mV, H zeta HUNIZEXME 'S4 1922 R IR AL
2~5mV Z[H (El1b)), #-4KokiF LA L
T YORURLAE =5 pH 2514 T 19 zeta HLAZEXHEIA R TAH
IS5 A3 SR

K1 AHUERERAE L (a)) ML (b)) GKRBURLTE
A pH 5505 zeta HUALAYSZ IR
Fig. 1 Effect of organic matter on zeta potentials of the
nanoparticles in Lou (a)) and cinnamon (b)) soils relative to soil pH

PERERE pH BT mr, B R AR O R Y
e 1B A A LAk, R ISR AT H A 48 X (B
WO . AALBTERTE S A MR . R AR AL
HREMA, - HEEUR 6 fof Y S DR IR 1 20,
B AN T B AL T fr b, S 2 A L
J - SEGOR IR zeta HLA 4 XHE/N T[S pH 4%
(8 N S B S D A < = s 7 BB
PRE, wENPLEEARE (£ 1), \THRAE
J& BT Y, Mmmisa s Tl AR fae Y, b
B pH BT, S R RN L b il
AR K AT 2 17 £ f fer B N T A A A A
T T, L, - gRURL Y 2 TH H AT AT
R, BARRICNAEME W pH TS, WL
Y K IR AN 225 AL M L 0K JORE ) zeta B4V A% IR
G R R N e

PUAh B+ QK UR AE AR R B CaCl, B Y
AL 2 . ATLAES], #E90KERAY zeta
HL L X REE CaCl, VR FE ) FH R MR, X2
KRy Ca HLAT B e - 94 A 7 2 1 67 Fi A7 A1) i
PH S - BB, 33X o i1 FH AR o A T P

K2 AHUEZEERAE L (a)) Mt (b)) GPKRBRLTE
CaCl, i zeta HLAZ 52
Fig. 2 Effect of organic matter on zeta potentials of the
nanoparticles in Lou (a)) and cinnamon (b)) soils in CaCl, solutions
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JEHESAE R, 253 DT - RN A AT %) B A7 0 4o (.
W /INT 2 Rk, X A2 R RCAEAR A pH 51 T
TAEMIEAEAN, R R AE A BH B S LA T
CaClL fFAEAME T, UL %) B 7 R0 B AR PR AR A 5
24 BURERBIGIELFB T MKBRAERE

B NF L EXTEE

DU A 8 K R E AR TR BE NaCl i H Y B 2R
Hh £ aniE 3 P 38 4 A 1 98 K B0k 0 558 SR ol 7
B o AN B B, LG EE R B 2% 1) RLA BBt
(R ) R A HGE ) DLA BB (P8
il Do FE RLA BB, 565 4 556 il L ik o vk B 10%) 7 v 1
WK ; E DLA BB, ¥R R 5 i ook i 056
Y 4 T8 4K BORL23 0 7E 40, 80, 140 mmol L
M 100, 150, 200 mmol-L ™' ALK B Na'Ha i Bt i
Wb, AU A SOk AR i st (] A5 T 2478 30T T e
B HAPRARBI A, BIEERECRE W Tt BeAt
YR BURLAR R AL T 18 SR BE R B B, BER EEAZ KR
JIT S 0 S T VS VR BE S ) T AE 400, 600
1 000 mmol-L™" Ay v B Na B it IR W P, B RPN
K IBURL AT 5CRL AR Bifi 5] (] 22 A6 ZE T 20 min PYFRIL A 2k
PR, T 20 min LLUJE BORCA ROR AR B Wike o, I

ik 4 K U A R Ak T PR T RE SR B B o I BT AR ) il
FE AN SE AN P52 FU A DR B 52, T 32 2 ph A B
il . Fe A BERIRARIAR 4 BIGAE] 2 000 nm A
2300 nm ZeAy . T2 LT A AN 9K R TR
1 000 mmol-L™" i Na ¥ i H ELAR AT A & A= W] b 444
K, AT AR RS E I BIOIRAS

DA K BURLAE AN [FIVR FE - CaCl, B H Y BER
HES /3 I PTN CII SE P Qb AL NSRBI DN
B I E] RLA BrBeAl DLA ByBe. 18+ a4
KIURIAE Ca® L i IRV W P BB R A 5 7E Nari
fif LA R — 3. RAHLETE L AL A LT g0
KRS HIAE 4. 6, 8 mmol-L™' 12, 4, 8 mmol-L™
IR B Ca®" H fif ST T P B TR Bl
HL AR T R B ARG K, BER BURZ TR E , 30 min
I URDRL AR K 2 700 nm 215 .

FE 3 RN 4 SEATXT AT, 3 RN 0K
WURLAE Na'F1 Ca® W T B B 1Y o KB SR AR 1 4%
A, ¥KTF 2 000 nm, 1A AL LA L
JFH -7 Ca® ¥ TR HA DR B R T TR ol ) e K Ok SR
HENW/NMEZ, 204 29K B0k SRR =432
— o GRS - ORI A L, AL A

K3 it (a)) ML (b)) GORBURIAR EAPLTIE L (¢)) MEAHLEHE L (d)) GORBRAE NaCl i H Y BER
gl 12 2k

Fig.3 Aggregation curves of the nanoparticles in Lou (a)), cinnamon (b))soils, organic matter-removed Lou soil (¢)) and organic

matter-removed cinnamon soil (d)) in NaCl solutions
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K4 Mt (a)) ML (b)) GORBRI R EZAPUFE L () MEAHURE L (d)) GOKBIRLAE CaCl, # I HH Y EER
EIREL e

Fig. 4 Aggregation curves of the nanoparticle in Lou soil (a)), cinnamon soil (b)), organic matter-removed Lou soil (c)) and organic

matter-removed cinnamon soil (d)) in CaCl, solutions

N R ATUR B R o AR ON RS, HUREAIL, AP
T TR JUT e P PR O P A v, R R SR YRR 1
RIS, 769N K UL Y 38 2R 8l F) 240 B, Ca™ 4 Na®
O M TG G B R AN o AN e 38 K R A
20 min B, FORORIAE S 1 000 nm, Irdfy Na' i 5
e h 140 mmol- L', 1M I ESF X7 £ Ca® " H At Jo e
BENA 1.4 mmol- L',
2.5 AWRFZBRITELINE LMK FREK CCC

s

AR BB PO FURAE NaCl #l CaCl, I
) CCC {E/R T Il 5. A MR R ZSA LTS 1
YORBURIAE NaCl WA ™ £ B i BER SRR, O
A CCC A, 4t 9K BURAE Na Vi)
CCC 4354 157.4 mmol-L ™" F1204.6 mmol-L ", 7 Ca**
WP CCC 433124 1.70 mmol- L' f11.51 mmol-L ™",
Ca™ # Na' RIS ARUIRE ST, Fe3+ s a4
KUk A 22 rh 1 CCC AR A3 ilJ2: 205 Fn 2798,
5%F/R MK -Ml ( Schulze-Hardy ) A U] (it 00 4% S 42
UL EEPN F ML A2 A LA 4k B0k A

Ca>"FWi Y CCC 43524 10.58 mmol-L™" Al 11.69
mmol-L™", #5384 Fidly 4K Uk fE Ca> VTR P Y
CCC #3InT 522 f5H01 6.74 5, RAHVFIEL
A HUTAE L PORTURAZ 5 =R e, AR
FE ST RE ) R
2.6 BHLRERITE LIS 90K kB HEEE

AR F N

THAAS 3 4 A = 4RO JTUREAE 7K b i i B8R o
BRI 112 x 1020 T M1 2.44 x 1027, ZHHLKR
38 R0 KA WL RS S AR ATOREAE 7K i A R v L
I35 4.50 x 10722 T A1 8.10 x 107% J, MR Ex Ley
(B AT LAt — 2543 B 4 K OR8] A AR ECAE

3 R A AL 3 A R O (] 1) R B AR 8
RER/INUNIE] 6a) 7 . il 2 UKL 2 I 2 A 1S
38 RN 25 AT ML 3 A K SR ] 9 Y B AR 5 | ) B
e, #EHETAAE . DLVO MIAREXBWIE /N, 1
TURE 22 THTBE 2508 5 nm B, 38 4 GORAS0RE [A] v A 5 |
J1HBe R I BAE L DLVO EFAES B - —5.08
x 1072 ], 4.08 x 107217, =1 x 107" J; A ML
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e a) MEYPRBORLE NaCLIFWR T, b) #8 RHPKBRLE NaCLIEWR T, o) B HGUKIBRLAE CaCLIRW T, d) 45 L 9K B0k
TE CaClL T, e ) EANUBE L QURPURTE CaCLIFWUT, ) A HLETH R 24 K BUKLTE CaCl, #3iH - Note: a) Nanoparticles in Lou

soil in NaCl, b) Nanoparticles in cinnamon soil in NaCl, c) Nanoparticles in Lou soil in CaCl,, d) Nanoparticles in cinnamon soil in CaCl,,

e) Nanoparticles in organic matter-removed Lou soil in CaCl,, f) Nanoparticles in organic matter-removed cinnamon soil in CaCl,.
Bls Ui+ 4R BORLZE NaCl Fil CaCl, BV Hh 1 I SR THE B (CCC)

Fig. 5 Critical coagulation concentrations (CCCs) of the nanoparticles in the four loess soils in NaCl or CaCl, solution
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Pl 6 DU E 4K BORLAT B P A AR 5 D 34RE (7). #HER 48 (7)) FLEFAEE (7)) £ (LA 4 mmol-L™' CaCl,
FAFHEATIE) (a) BELGORBURA LA HLBE EGORURL, b) L 9K ORI 25 A7 AL L R AI0RE )

Fig. 6 Van der Waals potential energy (V4), electrostatic repulsive potential energy (¥r) and total potential energy (¥r) between nanoparticles in

the four types of loess soils in 4 mmol-L™" CaCl, solution (a) Nanoparticles in Lou soil and organic matter-removed Lou soil; b) Nanoparticles in

cinnamon soil and organic matter-removed cinnamon soil)
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