W19k H3W + B % ® Vol. 19, No. 3

1982 4 8 A ACTA PEDOLOGICA SINICA Aug., 1982

TR NHy-Ca™* 5T 8 % IR Mk
NE E A
EHE BXY

(BN BT i A L M 9 AT

TRBAN R FHOERERAR(EEEAIN REESEE THRERRK), &
EMETRERMENARCERRORR, B BZBAME . TR R R A&
HHRZHEFOEMS, EEERET IHBRGROARE, flm: EHENEETFRARE
T BRI BA R R W, 10 = BN A B RO RIFS, E—ERHET, 8
ANBEE FRRN DT EE TR By o, &, 9, 855 FORSRFAE
5E R FBLEAIBA S, R H FHIHE R,

AXERT RIS T WARTE R R0 %E TR SR REE, X ilk
BRI S BE—NSTH.

—, RE M T &

ftRRESRE: TRARIAFNRGH; FHLLaHLRENIENXRERL
MREQTEOHE; LR ERAL L IS FREME, SERNERMERILE L,

%1 ST RORKLERE"

Table 1 Some properties of soil samples

+ M AUFE |HEFRRE pH WEEE EEKLTY
(%) (meq/100g) Free iron oxide
Soil type 0. M. CEC (H,0) (Fe,0,%) Dominant clay minerals
L]
Yol o 0.66 23.2 6.7 2.4 G

earth <

a : | A B8 A
Red earth 0.38 10.4 4.4 4.66 K-’Eo“ﬁnite?ﬂlile
[1E1R: | WA KB
Laterite 0.86 6.9 5.7 13.0 Kaolinite, Gibbsite
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Al NHCIRICaCl, ##& NH{-Ca™ LK, XSS FIREY 0.02N, NHY, Ca**
HIRER LB ESEINE 2 FiiRo NHEDERRRABIRN 6 MERIKE, TR
8 pH 2§ 6.2

2 ZXEA NHY f0 Ca™* BFRE

Table 2 The concentration of NH} and Catt in binary solution

wE (N) NH? 0.002 | 0.004 |0.006 | 0.008 [0.010 |0.012 [ 0.016 | 0.020
Concentration Catt 0.018 0.016 | 0.014 |0.012 | O0.010 | 0.008 |0.004 |O

X (%) NH? 10 20 30 40 50 60 80 | 100
% in equivalent Catt 90 80 70 60 50 40 20 0
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Adsorption isotherm of clay mineral and cation exchange resin
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Fig. 1 Adsorption isotherm
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%3 FarHEfoERTERRfREPIIEC (mea/1008 soil)

Table 3 The distribution of ammonium and calcium ions on solid and in
liquid phases at equilibrium

K S 5 I 78 i
P g | own [Ca] (Cath) el o P B
Soil (Eq. 1) (VTa¥¥) solutil:m

HEW 3.14 0.86 17.42 18.58 0.91 4.04 7.04—7.50

Yellow- 5.05 2.98 17.46 14.54 0.37 4.58 - | (7.26+0.15)*
brown 6.79 5.21 15.70 12.30 0.29 4.47
earth 7.82 8.18 13.54 10.46 0.23 4.19
9.71 10.29 12.24 7.76 0.21 4.40
11.57 12.43 10.02 5.98 0.23 4.11
15.13 16.87 5.62 2.38 0.24 3.65

e | 1.35 2.65 7.22 28.78 0.38 1.35 6.69—7.56

Red 2.35 5.63 8.70 23.30 0.23 1.80 (6.92+£0.28)*
earth 3.06 8.94 7.26 20.74 0.21 1.60
4.00 12.00 — — — —
4.40 15.60 6.08 13.92 0.17 1.63
5.12 18.88 5.12 10.88 0.17 1.55
6.32 25.68 3.44 4.56 0.15 1.61

TR | 0.89 3.1 5.02 30.98 0.32 0.90 6.66—7.06

Laterite 1.14 6.86 6.72 25.28 0.12 1.34 (6.864£0.12)%
1.59 10.41 5.38 22.62 0.14 1.13
2.06 13.94 5.38 18.62 0.12 1.24
2.45 17.55 5.38 14.62 0.10 1.41
3.13 20,87 4.16 - 11.34 0.11 1.38
3.36 28.64 2.54 5.46 0.11 1.08

E: [ JOOSBIRRERB L MBET R B FKE TB AR R RS AHHE TR,

Note: [ ] ( ) Represent the ion on solid and in liquid respectively. The samples had been removed
free iron oxides and saturated by sodium ion.

* EBIERPHEAR KRGS,

* indicates mean value and standard deviation.
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B4 FHHSASENHFEEBIOXAGPEAE (mea/100g soil)

Table 4 The distribution of ammonium and calcium ions on solid
and in liquid phases at equilibrium

| T s X [ca}/ TR
| TR O ey | v | Tt
i 2.08 1.92 21.12 38.08 0.32 3.42 5.65—5.90
Yellow- 2.88 5.12 20.32 34.88 0.17 3.4 (5.77+0.08)
brown 3.83 8.17 19.37 31.83 0.14 3.43
earth 5.08 10.92 18.12 29.08 0.14 3.36
6.20 13.80 17.00 26.20 0.14 3.32
6.88 17.12 16.32 22.88 0.12 3.41
8.69 23.31 14.51 16.69 0.11 3.57
1 | 0.23 3.71 10.17 36.23 0.037 1.69 4.06—4.24
Red earth 0.53 7.47 9.87 32.53 0.043 1.73 (4.17£0.06)
0.83 11.17 9.57 28.83 0.042 1.78
1.08 14.92 9.32 25.08 0.039 1.86
1.39 18.61 9.01 21.39 0.038 1.95
1.66 22.34 8.74 17.66 0.036 2.08
2.10 19.90 8.30 10.10 0.029 2.61
igan: | 0.27 3.73 6.63 36.27 0.066 1.10 5.84—6.56
Laterite 0.33 7.67 6.57 32.33 0.037 1.16 (6.09+0.24)
0.50 11.50 6.40 28.50 0.036 1.20
0.87 15.16 6.03 24.87 0.047 1.21
1.31 18.69 5.59 21.31 0.058 1.21
1.21 22.79 5.69 17.21 0.039 1.37
1.56 30.44 5.34 9.56 0.030 1.73

B [ () HBRRARME LMD R TRE foA R A R,
Note: [ ] ( ) Represent the ion concentration on solid and in liquid respectively.
The samples without treatment.
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A y = 0.14x + 0.90(r = 0.950***)
Ty = 0.11x + 0.77(r = 0.993***)
TELT IR y = 0.04x + 0.47(1‘ = 0.950***)
%S5 1 hEEERRMEBBREXRY (Y =56 +9)
Table 5 The constants and correlation coefficients of adsorption
isotherms in Fig. 1
= & r b a
Samples 1 2 3 4 1 2 3 4 1 2 3 4
Yellow-bro‘wn earth 0.998 (0.992 |0.987 |0.984 | 0.32 | 0.36 | 0.63 | 0.36 1.37(1.23 | 3.18 0.67
a 2 0.999 [0.986 [0.995 [0.982 | 0.07 | 0.08 | 0.22 | 0.09 | 0.01]0.83 | 1.02 |—0.08
Red earth
o 0.950 [0.954 [0.962 [0.956 | 0.07 | 0.09 | 0.13 | 0.07 | —0.20j0.12 | 0.06 | 0.23
aterite
AL 0.956 0.02 —4.56
entonite
oy 0.973 0.04 ~0.08
aolinite
62 ek ot oY ] -
Cation exchange resin 0.995 1.83 11.30
& (1) FBRRd ry 5E 1 fHER,
(2) & 1,2, 3, 4, FHIRRER, ZHVR, &KX
Note: (1) x,y in equation are similar to x,y in Fig. 1,
2):
1. Soil samples untreated.
2. Soil samples of which O. M. was removed.
3. Soil samples of which Fe was removed.
4. Soil samples waterlogged.
*6 FAELEAXNLRBHBETFOEW
Table 6 The effect of various treatments on ammonium adsorbed by soils
- | nly valy ysly
- E] ‘ TE el
Soil Rﬁge (MxS5) Range (M%5) Range (M£5)
Yellow-brown | 1.03—1.18 1.0740.05 1.28—1.77 1.5940.18 0.91-1.05 0.9840.05
earth
AR | _ 5—
Red earth 1.36—2.11 1.6040.28 3.01—3.70 3.29+0.32 1.05—1.29 1.20+0.1L
Fem 1.30—2.32 | 1.65+0.34 | 2.07—3.18 | 3.37£0.47 | 1.06—2.40 | 1.48+0.48
aterite

E: (1) vy 9 M oy SHRKRER AR A% RALE T RORK SR,

(2) (M1S) FRPHERAREE,

Note: (1) y,y1,y: and y, represent the amounts of adsorbed ammonium by soils untreated and the
soils of which organic matter or iron oxides were removed and the soil waterlogged

respectively.

(2) (M1S) means mean valuet standard deviation.
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%7 IBREFLBERHMERNESHIERARKZEHXE (meq/100g soil)

Table 7 The relationship between increment of adsorbed ammonium and ammonium '
concentration of equilibrium solution after treatment
NH} EHHLR x & oK
(N) Removed O. M. Removed iron oxides Waterlogged
K Hil Hiz
Yellow- %:g R Yellow- %e% e Yellow- %ﬁ FRLLIN
l:;::;:n earth Laterite 2:‘::;" earth Laterite E;:twh" earth Laterite
-0.7 - - 11 | 1.1 0.6 — — -
0.3 — — 2.2 1.7 0.8 — — —
12 0.7 0.9 0.7 3.0 2.2 1.1 —0.3 0.1 0.7
16 0.3 0.7 0.5 2.7 2.9 1.2 -0.2 0.2 0.5
20 0.2 0.8 0.8 3.5 3.0 1.1 —-0.1 0.2 0.2
24 0.3 0.6 0.8 4.7 3.5 1.1 0 0.2 0.2
32 0.6 1.0 0.9 6.4 4.2 1.8 —0.3 0.8 0.8
40* 0.6 0.7 0.9 5.8 5.5 2.1 0.5 0.5 0.2

E: HKE Catt HF,

Note: The solution free from calcium.

%8 FPHNEELNRAPERYRILE

Table 8 The equivalent ratio of calcium and ammonium on solid and in

liquid phases at equilibrium ‘
WeAEsh Catt/NHT LR ] i | e |
Bhe e Yellow-brown earth Red earth Laterite
Beginning ratio of
Catt to NH? in wH & | &8 #H B8
solution Liquid phase| Solid phase [Liquid phase| Solid phase [Liquid phase| Solid phase
9.0 21.6 5.55 10.9 5.35 9.96 5.64
4.0 4.93 3.46 4,12 3.70 3.68 5.89
2.33 2.36 2.31 2.32 2.37 2.17 3.38
1.5 1.27 1.73 — — 1.34 2.61
1.0 0.75 1.26 0.89 1.38 0.83 2.20
0.67 0.48 0.87 0.58 1.00 0.54 1.49
0.25 0.14 0.37 0.18 0.54 g.19 0.76

E: ERERERASIHFL BN THE.

Note: The samples had been removed free iron oxide and saturated by sodiumion.

PO, S0 5 2 7 P B IR P e

RSB BOAEIV &S, EELHRMARERTY Ca/NH, MR EH Y
&L ROFTIA G IR BEXT Ca*™ A NHY BURAI AR, 35 i%tefE, B/ T, R A ¢
X NHY BIRFDEK. % 8 hEMEE TUELMU LS RES/NFRANLE, %
BRI NHY BEBRRN, HRAEAREEFRIF. 1l NH BTFHRFIERFY:
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W > O l> 2 o

BN, BB TR NHE BRRIER. HHR 1 3E AP E R P& G > U Ea b
B.MERACHELEFENERT. RARARKERNRAE. RERAESE _IMHREN
H* Bk SRR P& (B’ 1:20), E P& 7K AR RNy TRt SRR & o
HERE: ®iK8 NHY BTRREY 28.4—33.7%, PEH 30.2%£2.2%, MLH
TR MILF 100% R, XEL£RARZHARLMMLEN NH BFHRNNE
b iR R

O N

MRERERHE: ITHARKEEMERS N BEFREZEERERERXR,
RAEARARXMUABERERFER.

THEREIREMBRAGER MM RERES —TtEER NHY BFREER.
REERITHMEIBEEAKETNNNRERENS —TAKTHN NH REZHERIFNIE
X, KRR (r) B: B0 0.950%*%, 403824 0.993%**, FE4I 8129 0.950%*%,
g, TTHEHTFEFIURRNBKEEEBRAOZHRAN NHY BTFRERBNEN
HRRE, B, RIR LA S NH B TFREERRK, ARMERGE L KEH.AL,
HEHFEEAKMBRORHBANRR.

AN BER 8 WERMEIEMRRERE, R LB NHF x4 #
B> B> TR,

£ # X M
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PRELIMINARY STUDY ON AMMONIUM ADSORBED BY SOILS
FROM BINARY SOLUTION OF NHs*-Ca** CHLORIDE

Yu Suo-fu and Chen Jia-fang

(Institute of Soil Science, Academia Sinica, Nanjing)

Summary

The present paper deals mainly with the characteristics of isotherm of ammonium
adsorbed by several typical soils and clay minerals and cation-exchange resin from
binary solution of NH,*-Ca** chloride and incidentally with the selectivity of the
soils for ammonium ion. Some information of soil samples are given in Table 1. Binary
solution were prepared with NH,Clat 8 concentrations ranged from 0.002 N to 0.02N
and various amounts of CaCl. were added in order to keep the total iomie concentra-
tions of binary solution at 0.02N as are showed in Table 2.

The ratio for soil or kaolinite to binary solution in the experiment was 1:20, and
that of bentonite or resin to the solution was 1:100. Each sample was put in a definite
volume of binary solution and shaken for half an hour, and then filtrated. In filtrate,
the ammonium ion was determined by semi-mierodistilled method and calcium jon was
sometimes determined by EDTA volumetric method. The difference between initial
and final concentrations of NH.* and Ca** in solution is the amount of NH." and
Ca** adsorbed.

The adsorbed ammonium by soil was positively correlated with the NH,* concentra-
tion in solution. The equation (1) or (2) derived from Ratio Law gave the best results
as are showed in Fig.1 and Table 3—5.

The inerement of adsorbed ammonium of soil samples removed the organic matter
and samples after submerging were not related to the ammonium ion concentration of
binary solution, while the increment of adsorbed ammonium of soil samples removed
free iron oxides was positively correlated with the ammonium ion concentration of
binary solution. The correlation coefficient (r) was 0.950*** for yellow brown earth
0.993*** for red earth and 0.950*** for laterite respectively. The authors suggest that
the exchange sites released from soil samples after removed organic matter and treat-
ment under submerged condition have a strong affinity for ammonium ion. Therefore
there were no difference between the increments of ammonium adsorbed in binary
solution with Jower concentration and higher concentration of ammonium. However,
the exchange sites released by removed free iron oxides were oppsite to those released
by removed organic matter and treatment of submergence.

In addition, in accordence with the results of Table 8 and with the released amount
of adsorbed ammonium the relative affinity of soil samples for ammonium ion may
be as follows: Yellow brown earth » Red earth >Laterite.



