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P AT ILICHUBIASIUREAH LA R n R BESR A X 1845
FICH TR ZE R 1) e 2 U AT REAT 46 S BT

FURT, GRS HORJE 1 ~1 000 nm JiEAA Ko 4 2K
G URL 43 5 SR WF 9 9 T 32 5951, Derrend-
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BRI AR M A ICE & B B P R, L A
SCHR[19] . R T A 60 H i, F#REL 50 g +-4f
F 500 ml Bkrr i 4tzk 500 ml, 0.5 mol L'
() KOH 3% + 48 pH R0 7. 4, JHERET B8
P AL AR AE 20 kHz T PR 2 43 B 15 min, 7% A
5 000 mlBEpr, FHAB4E7K 2 75 2 21 B2, T Z AL 8 Bt
FEX S JE A 25°C 1H 45 14T SR FH i 7K T 8 A i 7
PRI <0.2 pwm P BIEI A, F 52 4 2 B TE 5% .
BTSN 0.5 mol L™' () HNO, #4535+
X LW B HARAE A AR AR, B —EB R
TR gk e i B2 . HE s
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R Al H T (A Ak R BRI , PO S 21
Je WA S R i BICIRAS o e R AR O A
& e IR EE THINASH pH R 8.3, Sl fLyE i
TS G EE T AR R R b KPR EE/N T
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B T AR 2 D ) I AR 1) S A 2 v
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(THSS) fbRiETT 21 o 8 A I3 A ok e B v
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FREER) R E SR, S LIER FART B
P43 E5(3 000 r min ™', 15 min) . Bl 0.1 mol L7!

KOH ¥, 4R J& 1a) He o A — 52 &= 19 KCl, %%
R 0.3 mol L' KCI, 4 LA BARAR T TE &
B (SEPR FI2 o) TR ZIR &,
IHAE RS B O ALAE 7 000 r min ™' F 3
FEES L 20 min, DL RBRH P EA R, g m
T AR 23 B A 6 mol L' HC1 845 % pH oy
1.0 A2y, #rE 12 ~ 16 h (S BRRUTTE ks |, LA
2 000 r min ' AR EE B0 10 min, FEPE VSR, H
FIA 0.1 mol L™" KOH %, /% )a Fil: 1
ERFRIE Ty pH 76 1.0 ~ 1. 5 2|8, i BRI IE
Hisk, B, 0.1 mol L' KOH ¥ AN 101 £h R
I RRUIVE 4 Wa W T A B A SRR UL TE (52 FR
SHEERIR) I Ak RISV R IR A8,
0.1 mol L™ KOH J5 pH Jy 8. 0, G H A5 i b
PRERTE 20 kHz NHRB) /AL 1S min, /R S BURR K 25
VR, BV BR3P W o L T35 0 75 A %% B Ry
3.93 g L7, S A A R Al
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A7 SR ECS Seom B AR Ak, DU 2 B 1 e 1A A 4
R IR LGRS
1.2.2 WS IAREE R (0 3l ) o B S e R AR S5 4
e CaCl, LB WRIE M 1 mol L™ % FH, L8
BF, RS WA W 5 mil 28 8 J5E AR 5 0 9AR, 44 T #3C S
WORART 10 ml FfAR A B R R H R R B T A
[Fi) 122 1) 2 K 1 CaCl, it 5 K, e 244 2 UKL 25 J32
N 0.044 g L' IRR HUfR A E 43 5104 0.0.3 0.5,
1.2.5.8.10 mmol L™", A A HLf# 5 4840, O BL
SPHLE 30 s FELRIIAE , BERR 60 s 05— Y- L
ek A RCRAE . 43 FEER JF 90 min (10 d 47
A ICHURRIN R 388 2 D 2 5 ok I A5 2 £ 1Y
A RN A, T SEIR T 3 IR,
1.2.3  SABRR 1R A 3l ) 2f i B R B R AR 2 4
MW PFEREOHRARTR 10 ml, RS2 S A
BHAR R W | BB 4l 7K L CaCl, %45k, 11K 2 Bk
WHEA0.039 3 g LT (R R HLMRR CaCl, ¥ 43 51
7 0.10.20 .30 40,50 75 100 .150 mmol L', fin A
FLAR 5 B 50, TN B IS 30 s JRIR AT 34
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5 Tkai 257 78 R 1 B0
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Fig. 1 Initial particle size and distribution of yellow earth colloids (a) and humic colloids (b)
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Fig. 2 Growth of effective diameter of aggregates of three different colloids as affected by CaCl, concentration
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HORLARANAE , R R E S BUAR &R o Sim A
fift BT CaCl, J& , 75 3% 0 A BT 1Y A T 6 AR JURE IF
REESR , 3R TR 5 B A 1 R T B 5 B
MO T 1A 28 rh A7 A 1Y P A Bk R T B SR
(3G, 3 b e A4 1 A RBORLAR R CaCl, ¥k B2 A2 1k
A AN ) R B8 018 385, T8 AN [) R /)N 1 8 SR A
F WA ORR 5 T AL A 7 - 8 SRR B b B A AE
ARSI BRI A H A BT T 9 5 2 4 K 4%
B HORR S A /N gy 1 (B Be) 2 18] AH BAF B
TG W A AH B AR 0 235 21 (23 Bl i 2 28
BEERA AR .

AR, CaCl, FEAIR , BEAY 3 R4 A= Y
BESRWA A 1P TR RR 1 141 4% B8 2R ( Diffusion
limited cluster-cluster aggregation, DLCA) 11 i 1]
J2 i BR i 1 3% 8% B8 ( Reaction limited cluster-cluster
aggregation, RLCA) 112, Bz CaCl, kI, 45
o FSC AR P 5 588 e BRI 1] 328 7 40 i, o SR A RORE AR
A G 141 (90 min PIFRSEUBER i) |
IS PR (90 min N S8 UBESR ) o Hih BESR
WHBR A TEIG K ML P ESE R, X5
PR BRE SR IR 1Y 5 2R T A A 52 F, ik T 9K B 52 Wi 1Y) 45
181 B A R 6 DLCA et BE 5K i
MYARFE o FH - oR AT DAAR B b 48065 5 SR A4 0k
Rl R, B IE /2 Lin 56127 411 ) DLCA
BERHLHN % & PEARE . 5 DLCA HREEERALL,
BR T RLCA 18 3 5 2R A4 158 58 N 1R] SE 4 i ) 5 2R
RN ZE AR LAAE, 3 b e A 1 o5 3 AR 486 4 KL A
W I AN [] - 358 SR A ROk A2 LA i 25 RLCA 12
REERAILHN T 048 BG4 0 3% 38 PR R AL, T 42 5 o
BOG KB K . FEH I T e« 18 i BE SR
X P, e SO o B M R . > ik Bk B AR AR
F IR A SBORE [1] 1) R H, 22 oK A5 31 78 40 TR 46, HE 5
PR AR, AR IORE 5 2 22 YR 48 A4 7T RE At
Pl B R (M BER A < 1), H B8 SR
R, B, e ARk 52 2] (0 & VR A 45 2
o 2 BRTE S0k, 7RI A2 I ) P g 2R R ]
RETC 1L 58 1, PR I 358 SR A /N B R PR s Bl
H A BT B Y e HE R S 2 B AR R R B
BN 3R A0 T 1 K A 1, VR SR ) ) 5 A R
SRR G = — W BR B ED DLCA 9 56 3R 1R
N B 24 B 32 iR 5 R E B2 i 1 DLCA e
BERHLA . DLCA Pkl BE 5 M RLCA 18 3 §E 5%,
g o A I A UL X A 2R oL A S5 vk R L AR R
[Fi) Wi 7

90 min PITELINE ABER A B KA RBORAR LA «
BE(2 500 nm) > BHE/WIEKER (2 000 nm) > WL
(1500 nm) , Hi T 3 B AAA) 1y UKL /1N | A00R 2%
JEAHIT T8 B ) 8 SR A /N AN [] 3 HE v b SR B
HEEMEBES (W 3. 4 480 0T ) &
TR AT R S8 R SR AR 5 ) R U SR A T
T8 DA Rt 2 A AL 1) - S 25 4 B R S, B ]
RESE IO AT B B R AR AR , BV 7E B P
BT B ) 45 AR At 2 PR g At A D A AT
AR LA
2.3 BRFHEE

ANE) CaCly Ve FEAE IR 3 Fl e 44 1) °F- 34 6 3R
WAL 3 s, B CaCl, JKJE BT}, &t
BRI 4 AP B RLCA HILHI R A% R 3 R
P b TF B DLCA #L ] T BE 5 &P 12 B
W% ] Sz B 8 ) RLCA ¥ 58 X6 Fe, i o ik B
A BIRRE o M R AR 45 1 R AR O T S 5
M) 22 G L 28 Bk ¢ FF ( Critical flocculation concentra-
tion, CFC) /Yy J7 %, 0 31 18 o BE 5 5 P B 3R 1Y
BEYT A HALPT A I Y CaCl, ¥R EERD CFC, #%

100 = - -
80 —Ri s DLCA
60
L (a) EHRAR
40 Yellow earth colloids
= 20 K CFC=1.38
é O " 1 " 1 " 1 " 1 " 1
RS 0 2 4 6 8 10
2 60 -
Q
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= || | |
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o n
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2
S
& 20 |
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60 F
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Fig. 3 Average aggregation rates of the three different colloids

in suspension as affected by CaCl, concentration
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e ORI/ BRI A AR () CFC 43 51
1.38 mmol L™" 45 mmol L™" 15 mmol L', #A%R
() CFC E KT #HE MY CFC, W 1% 52 Jie 1A 26 1 e Ak~
P 5T 25 S T < DRI A e 7 2 TR L i B0 R T
e R B R DR RO A HE e S A T
TATE 22 (1) LA T A" RE A HE e 35 22 7F B, i > A 5
FmiLl4: 1 GRS ry e S BIR AR, 1 CFC JE
TR R T PRI AR TR B X AR 2 2 T 2 o 1 e
AR A AN A T R SR B 2 B], PR L CFC
WA T EIEFBA IR CFC Z[H],

TR BE R IR 738 4E 8 (Fractal dimension, d,)
AR 4 Fr7s o AE 90 min NI LAY BESR 1A 23
HERBER CaCl, W PEHY b T WFEAK, 485 T-F
oo SGVHIBERE R L, 708 4R X Sk H 5 58
R R A — B U B B UR M . 7 RLCA 1 i 5
Erh Bl CaCly WS f/INGR L T, P44 358 SR R Uk
ETb AR 5 2 CaCl, e CFC i,
PEA DLCA HREEEER , RUE CaCl, We BRI N, 73
TEAERATIREAN 32 HE5 W) T DR AR 0 RS {1
S RIBER BRI E — . X — 45 RN, TR

2.4 BREGSEAEH —IRR T, R R OIP WL & R AR 3P 4R 5L
ANfF] CaCl, Ve BEAETT , B8 WBORR BO/ BN
m 90Omin @ 10d
1.88 1.62
1.70 [ 2
[ J -om I
Ql.68 [ . [ 18 L e 160 - @
T 1.66 [} I e
£ 164 s L 1.58 +
Z 1.62 (a) BORBERAK ' (b) AR BESR 1K 156 i - (c) BEHE/ RRBRR BEIR 1K
g 1.60 Yellow earth aggregates 183 Humic aggregates ’ | Yellow earth/humic aggregates
£ . - [
= 158 i 1.54
2156 | = L om
ks 154 1.80 |- 152 °
= . L ) [ ] [ ] ] r o
@i 1.52 178 L T Py 1.50
& 1,50 - I L ™
Risg [ 'm 148 | = e
1.76 [ )
1.46 - - L ) 1.46 - -
e o ]
44, , =, , = 1744 v v v v v vy TR U I RN R B
0o 2 4 6 8 10 0 20 40 60 80 100 120140 160 0 20 40 60 80 100

CaCl,# J¥ CaCl,concentration (mmol L)

% 4

CaCl,# J¥ CaCl,concentration (mmol L™")

CaCl,# J¥ CaCl,concentration (mmol L)

NI CaCl, YREETS B0 WIABONR | B9/ WO e T 56 3R Ak 1) 73 2

Fig. 4 Fractal dimensions of aggregates of different colloids as affected by CaCl, concentration

HHE ST AEBCA S 1 BERAARZE R 1 5 AR
R, T ELIA AT L S5 e 52 4% 235 ) A 1) s 8 AR T TS
JEPY L ARSI R 3 R A ) DLCA 3 B4 1 3 B
YR 4 RLCA BE SRR/, B8] DLCA %R {4
2R3 RLCA Bt R AR 45 ¥ S i by T, F DLVO
B AT LA AR X — B4 - 2 CaCl, WRE KT CFC
F, B AAC AR 1] 7 HE e 35 2201 2k, A0 ] — 22 il 18
RS R AEREAS | e SR S A B R
V1Al 55 B 3 R, R 1T T ok 1 5 SR AR 85 R A4S 5 Y
CaCl, ¥k EE/NT CFC I}, B CaCl, ¥ J32 (1% [ A1 i it
Rr] B ISR R I O HE T 4 22 IR SR 28 5 2
YRR 2 F A4 R Aot A 2 e 0 i A — UG &5, 7 AR
RLCA 12358 5R , TR i UK AR 25 ) 33F A 45 R4 44 TN
TR I 0 SR AR 5 g T X 51

3 Tl AU SR AR 1) 43 I 4R B80Sy - B d, =
1.45 ~1.58 AR d, = 1.76 ~ 1. 86 , B /B fig iR

RA d =146 ~1.56, D EE{H 5 1L T 2 fay sk
R UMRIR N A FEA 45 ) BER R 1
BE AR 480 . DLCA T d, =1.8,RLCA F d, =
2.1, HEECAY 3 Ff i (AT ok Ay 6 SR AR 45 g 2 7 B
FIE B T A AR 25 F T P X — B 1T RE S 4 4
TGS 58 IO JE 1R 1) 22 A 4y L 22 43 80 R R 2%
Ko X T 24157 22 53 WK 52 I 1A SR 1) 45 2
A Z 5 BT
BRI AR B SRR 1 0 T A 50K L, W R v
FARI I A0 3 et 25, 3% 2 BH ) Al o SR AR A
SRR R T 5L, X — &5 R 5 3y A R
FEI W B 2R 7 B AR AR 1Y) « 3 8 e Ak 6 SR Ak
I KABIAH 2 500 nm (8] 2) A kA B & & Sy iR,
TSR EE SR AR K 2 1 500 nm (& 2) 2247 FF 4R 1T
Bt o BUA 9 M U A O 2R A 465 W A T A T
(B R 2y NES I L N = S O A RV T S S T I =
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ST ) JoT UKL B (1 25 A4 IR 0 5 0 A S AR
BARRYZERPIR GRS TR, A W) S5 UL B4R 1Y) P
SERTEAT R SRS TN A o B A SR 1 PN ¥ AT R
SEBUAARY , PRI Y A B 5T R & A R S, TR
ANTORE AT LLAH B8 AN 5 JBURL (%) P4 3 T8 185
W BERIK

HHE AR IR A A B AR, 90 min P
TE I 8 SR A 53 T A 25015 i S8 e A B 2R A 1) 43T
AERIORHIT , 10 I 8 9 e AR 17 35 3R O IR R 1 2
SR W 0 o B TR R SR AR TS 10 d
Ji , PRI 5 25 8 R AR TR AR R, k45 CaCl, ¥k i
T A R A 1) 43 T R B A S T AR B 1Y
I R BB AR E RIE 1L 68 Aoty X4
SREPUE 5 AT TET P 4 T« 88 0 AT 1) 5 SR A
ANFESE | CEF5 BE SR AR P S AR 1) 1) o 2 (s 45 44 22
PR TR SLE T R g o A b, 5 RO R A SR 1
TEICE 10 d J5 i 50 IR AE RO LA AE , R WA R
AR BER RS i ReE o TSR &  FEE 10 d
S, BRI AR I A TR 5 T WL 38 SR AR 43 TF 44
[ RE A 84k, 5 B AR B SR A T 4R 5 1 I
HORIE B BA X b, e 10 d, 3 Fle R AR 0 43 T8
AEEL /I Ay - 5 AR > O > SRR/ v A
RBAEW, X—25RAH TWAEZENER:()A
B/ TEHLIL 5 BE RT3 1) 45 SR A R — (1) B S e
PRI L  BESR AT RS, B PRI T 2 W R %o 5 2%
IREERFENERT; (2) A AL/ TCHLE & R TR WL
V1% B SR A 50 B — (1% O L I3 05 R BB — 1) 40 ) Jo
RPITIE U B 2R A, 18 AR AR AE T W) ., 45 4 44
SANERAS AT

IR B A TR AT R - 5 A AL 2 A Y Al
Fi——HA W/ THE SR ETE A TR 78
g A A IR L LR S AR R TE
FE B8 5T 5 R LA Z2 A0 BH B8R B B i B AR —
o SRIMAE 5% 3 I T SRR (BRI AR ) Fn
B J5T (RO e AR ) 4302 A WL R JE 18 IR A 73 HUIR &%
AW B AU Z AN U BT (CaCLy) fEFTT 253
BB SOREAR HAE T & AR BER A5 R, TEA P/
ToHLE G X R P BE SR AR I 1, A LB A
FEIRROVE T, WA AT BE A T 22 40 BB 7~ nid i, PR
BRI BIRIIATE Ca B 155 508 BUZ B BHFE T
DL IR B N BE S

Oades 25§ H 14 A1 SR (A7 JA £ P ( Aggre-
gate hierarchy concept) AN : LA WL A EE KLY
AR T8 R/ INAS 55 1 AT SR AR A #2785 ) S 1

“I34%” (Hierarchy) , RN AESN S BIVE T A1 R A4
HI o DR . % BHAE A BE T M DR 25 4 1) 2 4%
S50, BRI AL P i R L B R C &k
B, B e A JIURE [ AE B S, 0 T LR A
RGN ZRANER IR EAR” , B4, T8
T B 22 G5 10 22 9L 1Y) 25 G R 25 A 1R
SEA I TP I T HL AR ORL A BB AR AU R
A=W A Z TAIAE B R AR TR R G B
AAHFEH) A B 24 T 3K — 0] 3 75 8 W B B B
S BB | v - BORR 0 B SR AR B AL L
GITEEERRAR , E AT T B AT AL 45 18] 1 0] 9 5 SR A4
Tisdall Fil Oades"' £\ 7 Emerson' >’ &4 A B i 32 35
TR ISR A R AR N 25 Ay Z R A D O, Hig
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LIGHT SCATTERING STUDIES OF AGGREGATION OF ORGANIC/INORGANIC
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Abstract

Organic/inorganic complex is the most important form of substance in the soil. Aggregation kinetics and

structural characteristics of yellow earth colloids, humic colloids and yellow earth/humic colloids were studied as affected

by CaCl, concentration. Results indicate that the aggregation of yellow earth colloids, humic colloids and yellow earth/hu-
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mic colloids was strongly dependent upon concentration of the electrolyte, that is, CaCl,, with Critical Flocculation Con-
centration (CFC) being 1.38 mmol L', 45 mmol L' and 15 mmol L', respectively. When CaCl, concentration was
higher than the CFCs, aggregation of the colloids proceeded in fast diffusion-limited cluster-cluster aggregation ( DLCA) ,
thus forming loose aggregates with fractal dimension being 1.45, 1.46 and 1.76 for yellow earth colloids, humic colloids
and yellow earth/humic colloids, respectively. However, when CaCl, concentration got lower than the CFCs, aggregation
of the colloids became very sensitive to the concentration of the electrolyte and displayed as slow reaction-limited cluster-
cluster aggregation (RLCA) , thus leading to formation of relatively compact aggregates with fractal dimension being up to
1.58, 1.56 and 1. 86, separately, for the three types of colloids. Thus, the faster the aggregation velocity was, the looser
the structure of aggregates would be. The findings indicate that humus contributes significantly to stability of the structure
of soil mineral aggregates.

Key words Organic mineral complex; Light scattering; Kinetics; Fractal dimension; Soil structural stability



