STy JLl72N
B EAH + #E OE R Vol.37,No.4
2000 #£11 A ACTA PEDOLOGICA SINICA Nov., 2000

5% X1 R B AR AL B - A
B EL R4 B A
TSR B0 % A e g OB B 7 E

TR K—F #HWHE TEF

(AR K2, BEFEHE  712100)

# FE HD17TEAFRIELE SRS ERAHR, BFR T A RS S SRR A
BRI, 25 SRR, S50 B0 A X 1 1 () e AR b P2 4R A PR B TR B ik 2R T R Bk |
Langmuir 572, W & Langmuir 7772 & Freundlich 73R, H#RE Langmuir FETHE
A DLACALTE (AL, REFF) BHELBR A0 TR B BEANIR PSR R TR0 (B L. BEARSLHEH
BRI PR B0, (EIR HSRE T M. XUFRME Langmuir 571, 580566 X5 SRR A4 T B 2 B B {R R A
BELLA TP, 55 8 NI R B AL 22T B O T, R oz, 1K BB I TR B LAy B IR o &, B
B Rz, BHLALLERAMIERE, LA LL AR L, 55 BB AR A AR X055 , 1R BB AL IR PR AR X 33,

X@in  HER FHA R

PESES  S143.92

J8 FE ) B 3 B B T 3 e IR (AR s TR MY ) | L Ak 38 e S 2 (R RE R Y ) . S5 7
REMETUERAN —F BEAE", X5 L HA RO R, TEEHPRBEX
EE. REMN—REYEMELEANEZERREBEYR. LT YRR, RO
REXHBNMEETFHRE. LS, BIEZBE. pHE. KFEFHEEREGZ WY, B
AN Y 55 B Y R 2 (8184 FF R AT T RS S, AR T — 5 i E
&L, HEERA-—MEHEYRMABRNE ER, EARKXGT@RE.pHE) ML
YA, MRSHIEARERNBEY RS LT ONERER. ENTE 80 FR%
FEHATAN—THE & RA %R, W RA R, T EEY 5 Sk L5 weERLH,
MR IER PR ILFERZEATY, ALK IR R AR & 14 T L3 80m DA & 45 1
RBATE RTINS R, FIT TR 15 % A (5] 4 25 1 398 ) g R ) VR PR AR EE

1 #MRE5TE

L1 NSRRI
B 17 SR AL IR JCBE (CK) . ALAE. RS #F. JBRAC 0 b8 /) X 1842 (0~ 15cm) T3 R4tk T4

* i SESMER 8 AR FES (39800093) B
Wk B B 1999-08-10; Y BB 2CHE H 3. 2000-05-25



TR . 350 XA [5] e AT b 2 1 38 &) S B8 K L 440 B4 IR P 4R 4E
4 1 .58 50 T S AR B R BAHARAIE 507

(B ALPRM AR TGO B LA R LB R 2 CED), RAUS R & T RS8R,
1.2 HARERTERNE
5 S8 Al O 1 A BB WU 2 R AR 0.02mol / LKMnO, BB 1Y, HERE, MEHWE R A Ug £
MBI,
13 FHanMEHANHE
i £ Aldrich 22 AMRELI R B AL / W = 1:200A 2mol / LCaCl,, |’ | /M EHE, E&.
BO.REIK. BEFHRAALZEFKEEL Q. BEH/T (G0C)£A.
14 BHZRENE
SEMLANSE 130 75 0 0 I B TR R PR — T AR Y, BRI 8 SR FIZE R 200mg F S0ml 5
DE R, S AIMA pH A 7 B9 A (] 5 AL L 28 50 B AR VA W GO 25 1mgC / mi)0. 2.5, 5. 10, 12.5. 15. 20,
30ml, AbINZEAEK, AT E BB 40ml. HRHRT 2 e, #E VP E 24 NSO, B EE W 20ml
WE HAWKREBER. FRARMAEBRYESTNASHERABRREBEPREE. ABRFEH 3K, &
B 298K, 313K B NRE &1+,
1.5 BHABERAHFREITELR
(1) HFRME Langmuir 5 &
LR A
X X, K X,
XRRTVEHRE N COTHRETE, X, KRB, K VRO RERE. FA KETHEAG.
AH'. AS®. HARWMT.

AG" = — RTInkK

T, K,
AH = — In| —
L,-T K,

K.K,FERT. TRETH KH

_AG" - AH®

AS?®
s T

(2) M FTME Langmuir 5
X KC X_KC

ml" 71

T 1+ KC 1+KC
X« KARGREE — R o B K W B i 5 VR A 3
X o K AR R4 o B K R B B 5 R Y 3
TE) 438 ] P R R R BE 58 — BB AL W KAE RIS REOL A K, P BT RS — BB E BB AGD. AH.
AS®,
(3) Freundlich /7

logX = logK — % logC
KRBHER, L 2R RBRE, ¥ FRKIE Y C 8RR .

2 ZR5iHe

21 AEERLELBAEROERER
KA RAEAC AL A e b 2 A BT AR (AR 1). STRIELAIEM L, K3



508 + = % # 37 %

Hi A HLAE (BEAE BRAS #F), TR R FRME. E, / E LLE W B K, ML A
B/, XEBRHE A A YUE, TSRS TR/, S ERE, 2 FaT RS,
TSt AL RE A R B . AR ALER, AR Bk AR AL A K, T A B R Bl B AL 3 K,
BEAEFNFE AT S BRAG Wi ek A B B . ANTCHE., AL AE AL BAH L, 1 A A8 HLAC S BB 1 55
MEHR B, HERZFEREARRREGBAFEE, N TRFLE, BBEEHFTHMN., X
S5AAYICE, TREHERABRIEH 45T, KEUBERKRE X, HE5RTLER
YR RAR RS & BEHRER X,
R AREELE L RAERAELER

Table 1 Properties of humic acids with different fertilization
pos:) BRRE RE M Bk R  EEERR
Treatment Total acidity Carboxyl Phenolic hydroxyl Total C Fatty C Flocculation Es /Es

cmol/kg g/kg limit mol/L
e 7.18 3.84 3.34 566 332 11 4.65
fehe 7.28 4.16 3.09 571 321 10 4.35
R 6.86 3.40 3.46 569 377 14 4.90
AL 6.89 3.55 3.34 563 388 15 4.97
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Table 2 Single—surface Langmuir equation of humic acids absorption by montmorillonite

RE 438 % Bt 9 & BARHE HERE
T(K) Treat. —C—=L +—1- C Absorption Maximum absorption  Correlation
X XK X,
stength amount coefficient
B’ % =0.0126+0.0598C 4.746 16.722 0.863"
FEFF % =0.0135+0.0594C 4,400 16.835 0.833"
298
FHE % =0.0185+0.0636C 3.438 15.723 0.848"
e % =0.0204+0.0686C 3.363 14.577 0.858"
C -
TR ~ =0.0127+0.0499C 3.929 20.040 0.852
REFF %=0.0147+0.0501c 3.408 19.960 0.897"
313
A 7C(— =0.0165+0.0517C 3.133 19.342 0.876"
fLAE % =0.0175+0.0530C 3.029 18.868 0.898"
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Table 3 Double—surface equation of humic acids adsorption of montmorillonite

BE i _ XK€ + X KC , K % . X P
T(K)  Treat. 1+KC 1+KC 1 m1 2 m0
20.287C 56.163C .
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Table 4 Freundlich equation of humic acids adsorption by montmorillonite

BE o 1 HERK WA E W B 58 i

T(K)  Treat. logX=logK+TlogC Correlation coefficient ~ Adsorption capacity Adsorption strength
JEME  logX=1.3000+0.5863110gC 0.985" 19.9526 1.7056

298 FEF logX=1.2978+0.6129logC 0.995" 19.8518 1.6316
T logX=1.2406+0.634910gC 0.996" 17.4020 1.5751
fEBE  logX=1.1820+0.6441l0gC 0.998" 15.2105 1.5525
BEIE  logX=1.3543+0.6106logC 0.995" 22,6100 1.6377
FEFF logX=1.3450+0.6523logC 0.995" 22.1310 1.5330

3 FHE  logX=1.3124+0.6561l0gC 0.999” 20.5305 1.5241
KIE  logX=1.2997+0.6661logC 0.998" 19.9388 1.5013
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Table 5 Thermodynamic parameters of humic acids adsorption by montmorillonite
B3 T Langmuir 5 72 X 3% H Langmuir 5
B R Single—surface Langmuir Double—surface Langmuir equation
T equation FREQL High energy site {KRENL Low energy site
HA ®) AG AH' As’ AG’ AH® AS® AG AH' As®
kJ/mol kJ/mol J/kmol kJ/mol kJ/mol Jkmol kJ/mol kJ/mol  Jkmol
298 —3.856 —19815 —4.596 55966  —2.994 —44.349
JEAEHA —9.761 12.109 -16.210
313 —3.599 —19.815 —5.408 55965  —2.329 —44.348
298 —3.669 —31980 —4.675 49228 -2914 —45.903
FEFFHA ~13.199 9.995 ~16.593
313 —3.189 -31981 —5414 49230 —-2.226 —45.901
298 —3.058 —5.819 —5.641 50.205  —2.551 —51.413
FZALHA —4.792 9.320 ~17.872
313 -2.971 —-5818 —6.394 50.204  -1.779 —51.415
298 —3.003 —8.067 —5.484 47442 2123 —16.906
1LAEHA —5.407 8.654 —7.161
313 —2.882 . —8.067 —6.196 47444  —1.870 —16.904
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CHARACTERISTICS OF ADSORPTION OF HUMIC ACIDS AND ITS
FRACTIONS FROM SOILS WITH DIFFERENT FERTILIZATION
BY MONTMORILLONITE
I. THE ADSORPTION OF HUMIC ACID BY MONTMORILLONITE

Wang Xu-dong Zhang Yi—ping Hu Tian-tian Yu Chen—yu

( Northwestern Agricultural University, Shaanxi Yangling 712100)
Summary

In this paper, characteristics of adsorption of humic acids from soils with different
fertilization (for 17 years) by Ca-saturated montmorillonite was investigated. The main
results showed that adsorpton isotherms of humic acids by montmorillonite could be
described by singe surface Langmuir, Freundlich and double—surface  Langmuir
equations. Adsorption amount of humic acid increased as temperature rose, while
adsorption strength decreased. Applying organic material could increase adsorption
amount and strength of humic acids compared with no fertilizer and chemical fertilizer.
The double—surface Langmuir equation indicated that humicacid adsorption by
montmorillonite had two energy sites—the high and the low levels. Adsorption of
humic acid on the high energy site was mainly chemical absorption which was an
endothermic reaction. On the other hand, the adsorption of humicacid on the low
energy site was mainly physical absorption, which was an exothermic reaction. With
application of organic material, absorption of humic acids on the high energy site
became weaker and that on the low energy site absorption became stronger compared
with no fertillizer and chemical fertilizer.

Key words Humic acid, Montmorillonite, Adsorption



