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1
Table 1 Basic properties of pure humus acids
Humus acids Fundion groups(mol kg™ ') Organic C Metal component (mg L™ 1)
(gkg™ ) Pb Cd Cu Zn Fe Ca Mn Ni Hg
Total acidity Catboxyl ~ Phenolic group
HA 559 2.2 3.57 4.5 0.079 0.001 0.050 0.050 1.17 — — 0.014 0.042
FA 14. 32 9. 00 5.32 465. 4 0.012 0.005 0.010 0.215 0.64 — — 0.005 0.008
1)« = “ =2 demotes the contents are less than limit of ingpection
1.3 HA 1
Fe;O3 MnO, A12037 FeOs MnO,  ALOs HA
, 50 ml pH :
0.149mm  (Fex03 MOy ALO3) A ’ .
1.0 g, 1.0
-1 ’ pH s
mol L. 'NaCl 3.8 ml, He 3.0 He 5.0
0.1 mol I, . O0lmollL! PEE PEE
NaOH  0.05mol L7 'H:80;  pH, - pH=7.0 ’
38.0 ml, pH 3.0  MnO: ,ALO; . Fe03
5.07.0 Ar 10 min, 298 2 £0. 5K Langumuir ,
24h,4000rmin” ' 15min, 5.00ml ( 2 Langumuir
[12]
’ HA 1/8= (K/Smax) 1/X + I/Smax(s ;Smax
FA( ) ;X HA K
) HA
Langurmuir S MnO2 Al20 HA
Smax K, max n 203
K pH3.0> pHS. 0>
AGy° pH7.0, Fe03 HA K
pH5.0> pH3. 0> pH7. 0; S s
2 MnO,> ALO3> FeO3; K .
21 FoO MaOy  ALOL . pH3.0 MnOs»> ALOs> Fe0s, pH5.0 7.0
. €
Al M Fe
211 pH Fex03 MnO>  AlOs 205> Miz> Fer 0
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Fig 1 Quantiy of HA adsorbed by Fe,0;, MnO, or AL, O;solid sotbent
2 Fe;O3 MnO, AlO3 HA (Langumuir 1/S= (K/S ma) /X + 1/ Siax)
Tabe2 Langumuir equation for quantity of HA adsorbed by Fe,0;, MnO, or A1,0; solid sorbent
pH 3.0 pH 5.0 pH 7.0
Sorbent K S max R? K Sinax R? K S nax R2
Fe, 05 0 683 23. 64 0.9889 0.737 16. 81 0. 952 0.441 12 90 0970 8
MnO, 3145 114 9 0.998 4 0. 806 30. 30 0. 9818 0. 664 27 .32 09787
Al,0,4 118 29.00 0.996 3 1. 100 25. 10 0. 983 0.916 19 30 0 9% 2
: S 3 S ma ;X HA ;K

Note: S denotes sorption quantity; Sy denotes maxi
mal sorption quantity; X denotes content of HA organic acids; K denotes appetency @nstant

2.1.2 pH Fe;03 MnO2 Al Fe:0; MnO,  ALO; HA
HA 2 pH ; pH
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2.2.1 pH Fe03  MnO, ALO3 FA pH3.0>
FA 3 pH FA pH5. 0> pH7. O; FA
Fez03 MnO, AlOs FA 0.4g L', Fex0s pH
pH FA , MnO» Langumuir
, FA ; , ( 3) 3

pH , HA FA



604 42
HA F€203, pH7.0 MnOz> F€203> A1203
K pH ; , MO, FA
K , HA . AlLO;
N pH3 0 pHS O S max Fe203
K MnO2> ALOs>
250
300
MnO,
a 200 :k:o 250
g g
©o150 < 200F
2w 2w
§ o § &
5= H3.0 5=
S& 100 | ¢ pH3. 3@15.0r
g m pHS5.0 g
E‘ 4 pHT70 E‘ 10.0 | —e—pH3.0
A 50 + 2] —— pHS5.0
5.0 —&— pH7.0
oo Lo o (
0.00 020 040 060 080 1.00 0.0 A— : * !
000 020 040 060 080 100
IMAFAR YRR IAFABHLBOKE
Content of FA organic C (g L") Content of FA organic C (g L)
250
w200 }
o
Ev\
Q
2
g ® 150 }
f0 =
s &
c
2
B 100 r
S
A ® pH3.0
B pH50
50 t
ApH70
00 i S i I J
000 020 040 060 080 1.00
MNFARHLBOR K
Content of FA organic C (g L")
3 Fey03 MnO,  ALO3 FA
Fig. 3 Quantity of FA adsotbed by Fe;O3, MnO; or Al;O3solid sothent
3 Fe;0; MnO, ALOs FA (Langunuir 1/S= (K/Sma) UX+ 1/ Siu)
Table3 Langumuir equations for quantities of FA adsorbed by Fe 05, MnO, or ALO ;solid sorbent
pH 3.0 pH 5.0 pH 70
Sorbent K S R? K S R? K S e R?
Fe 03 1 81 3.2 0.999 5 1. 80 2.6 0. 96 4 2.85 .. 7 099 4
MnO, 51 12 0.999 6 5.84 145 0. 98 6 4.55 A 3 099% 8
AL, kYR’ 101 0.9913 2.21 6. 6 0. 94 6 1.19 35.7 0997 4
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Fiz. 4 Percentage of FA adsorbed by Fe,0, MnO, or AL,O; solid sotbent
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4 Fe,O; MnO, ALO, HA FA
AGy'(T= 298 2 K)
Table 4 Themodynamic change A G, ° in standard free energy of HA and
FA adsorbed by Fe,03; MnO, or Al,0; solid sorbent ( T'= 298. 2 K)

pH AG (k] mol- 1)
Sorbent HA FA

Fe 0, 3.0 - 24.58 - 269

5.0 -24.77 - 2692

7.0 - 23.50 - 2805

MnO, 3.0 - 28.36 -29%

5.0 - 24.99 298

7.0 - 24.51 - 2921

AL0; 3.0 - 25.95 - 2845

5.0 - 25.76 -8

7.0 - 25.31 - 259

AGy (kJmol™!) = - 2.303 RT' bek', R

1K = Kx 1, mol L™ 1,
n= (%) x (mg mol™ )
x (L) Note: AG,°(kJ mol™ ') = - 2 303 RT logk' . R de-

notes gas constant, K = KT, aiming to converse the concentration of humus
acids tomol L™ !,N= percent of organic C in humus acids( %) X humus acids

molecular weight( mg mol™ ') X volume of solution( L)

3
[ 14]
HA
[ 15,16]( 1)
( OH)
(A") , OH™ ,
« 2 OH H+ ,
H+
pH ;
H, pH
pKa= 6.5 5~ 7.5" pH< 7.0
Davis'

, pH 5
HA
FA, (
) ; FA
pH 9
pH HA
S max K FA,
AGy FA HA FA
JHA FA :
/ (0.57) FA /
(1. 6) COOH pK.3~ 5, OH
pKa9~ 12, pH 3~ 7 , COOH
pH , COOH
FA pH 9 pH 2
FA s
FA 5
. OH
, FA
s HA
FA
, [15] , /
/
MnO2> ALOs> F6203,
MnO;> ALO3> Fe03 5
, Lewis
,Mn Al Fe

1.55 1.61 1.83 18,
Mn02> A1203> F6203
9 Smax K

(1) Ochs M. Humic substances at aquatic interface: A comparison of hydrophobic vs coordinative adsorption and subsequent effects on mineral weathering

ph. D. Thiesis. ETH Zurich, Switzerland. 191
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muir equations were adapted to fit the adsorption. It indicated that the max adsorption quantities S

MECHANISM OF HUMIC AND FULVIC ACIDS ADSORPTION
BY Fe; 03, MnO: or Al>O; SOLID SORBENTS

Wang Qiang"*?  Wei Shiqiang® Liu Baofeng®
(1 Inpedion Center  Agrt-Food Quality & Safdy, Souhwest Agriaultural Uriversity, Chongging 400716, China)
(2 College o Resources and Emwironment, Southwest Agriadiura University ; Key Laboratory of Agriaulture Resources and Environment Research
Chongging City, Chongqing 400716 China )
(3 Chemistry Institute f Pharmaceuticdl Resources, Southwest Agricultural University, Chongging 400716 China)

Abstract Humic acid and fulvic acid were extraded from evergreen broadleaf forest surface layer soil of the Jingyun Mour

tains in China. The mechanism of humic acid (HA) and fulvic acid (FA) adsorption by Fe,0;, MnO, or Al,O; solid sorbent in
solution different in pH were studied. The results show that the adsorption increased with the organic carbon concentrations of HA

and FA. The adsorption of HA, however, decreased with the rise in pH. When pH remained the same the percentage of HA in

the adsorption decreased with the increase in organic carbon concentration of HA. At the same pH, the FA adsorption percentage

curves all appeared to be a singld, and the peaks moved towards low organic carbon concentrations of FA when pH rose. Langw

of HA were more than those of FA, while the thamodynamic change in standard free enegy of HA AG, °was less than that of FA

a the same pH. The AG,.° of HA and FA were all less than zero, indicating the spontaneous adsorption readions.

Key words Fe 03 MnO,; ALOs;; Solid sortbent; Humic acids and fulvic acids; Acidities; Adsorption

max and adsorption constants K



