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Table 1 Physicochemical properties of the soil samples tested
i T e o s il Ji i EERiIRq
R Sand Silt Clay
1D Soil type Texture Organic carbon/(g-kg™")
(g'kg™)

1 wm+" L5t i Beijing 965 19 16 b+ Sand 0.004
2 B - SE awilF=5 859 88 53 B Loamy sand 0.034
3 L fiE - WALE O 675 130 195 b Sandy loam 0.098
4 i s RFRY 1: 81 637 182 FyHESilt loam 0.048
5 w4 AR N 257 484 259 # -+ Loam 0.096
6 A 4@ 1y T A5 B T © 351 363 286 FitEClay loam 0.174
7 4 H® TP @ 215 293 492 #hi+Clay 0.030

(Dfluvo-aquic soil, @chestnut soil, @cinnamon soil, @chernozem, Gred soil, ®Location of sampling site, @Wuchuan City, Inner
Mongolia, @Zhangjiakou City, Hebei Province, @Wugiao County, Hebei Province, @Dezhou City, Shandong Province, (DAcheng

City, Heilongjiang Province, (2 Yingtan City, Jiangxi Province

1.2 37K R B Fn fF IR A 2 9 2

A AR PR B i R R G R AR &
BV Mok S S5oKIEEZ M Rl g, =g
K H 4 A s KRB AL ( Decagon Devices Inc.,
Pullman, WA, 35 ) . FrEZ)3.5 g2 mmiiii ) X
TP T NN, PR L & 5 T R
M . A5 R HDDI (38R SR ) B,
AT E A S K o3 B WA R, i
EZeL = SR | BT A R4 11 €5 LT W U s e s
R b B8 7K RN BT 6 o 0 o R v R YA R B A
JERERARATHE L KR BE L RS BE R 7 R T D e A
a0 0T B o S 0 ok R R o A KT JRE LA
FEO.1 ~ 0.9 [0, WA K25 °C. SEEEH T HAELE

105 CHEAFHHES b FRE, THARFIAIEET -
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MCKa,

M = (1)
[(1-Ka )(1-Ka +CKa,)]

A, MFEREFESKE, kekg's Mo HHER
EOK AW R, kg-kg™'s C oy 4l A4S B 2
W K F H S 22 1 BE R 8 SRR R R 4l
WAMBPZL EZ2FKSFREABEZE; a, K
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(Pearson ) Xt , H & 2 MR H MK F
(«=0.05, «=0.01) MTKKEHITKELE, #H
SigmaPlot 12.57FF 7B A5 54514 .
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KNG AR AR 53 . 0.000 56 ~ 0.003 3,
0.002 4 ~0.011, 0.004 1~0.029, 0.006 3 ~0.025,
0.007 1~0.004 0, 0.010 ~0.055, 0.008 5~0.058
kg-kg ', Ho 75 £ B 0ROk & & AR 1L IE
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e BP1~7308 H3E4 S, W1, FENote:1~7 in the figure means soil ID, details in Table 1. The same below
1 W GABRE AL A i b2 A 9 A P B 4 3 2k

Fig. 1 Fitting of the water vapor adsorption isotherms of the seven types of soils with the GAB model

T RE R CIEAR LI BN 8.4 ~ 24.7, X Al fE St
TRER S B LT RAURTE], ARG RS
KAy F2Z S5 A SRR EEANTR], AT 330 T ki +
BEIR] K iR B A C AR 1L .
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Table 2 Fitting parameters of the GAB model

s W W77 ) j ;
1D Adsorption direction M/(kgke") ¢ K K RMSE r
% [} Adsorption 0.001 2 8.4 0.731 0.996 9 0.000 1 10.19%
: fift W Desorption 0.002 8 4.6 0.412 0.997 5 0.000 1 2.65%
% B} Adsorption 0.004 4 10.0 0.703 0.999 2 0.000 1 1.33%
? fi# % Desorption 0.006 0 7.5 0.583 0.998 9 0.000 1 1.76%
% [t Adsorption 0.010 4 12.3 0.729 0.998 6 0.000 3 1.90%
’ fift W Desorption 0.016 5 8.9 0.553 0.999 7 0.005 0 0.91%
% B Adsorption 0.008 1 24.7 0.745 0.994 8 0.000 4 2.22%
! fift T Desorption 0.010 7 12.8 0.653 0.999 3 0.000 2 1.29%
% it Adsorption 0.012 2 14.7 0.775 0.997 6 0.000 4 1.95%
’ fift " Desorption 0.017 2 10.3 0.664 0.999 7 0.000 2 0.82%
% B Adsorption 0.023 0 10.1 0.682 0.998 5 0.000 5 1.54%
° fift % Desorption 0.031 4 9.4 0.559 0.999 6 0.000 3 0.67%
% B Adsorption 0.011 2 18.3 0.908 0.997 4 0.000 7 2.72%
’ fift W Desorption 0.014 2 9.7 0.866 0.999 0 0.000 5 1.29%

TE: My ZHERZRE L C: fiR SR AT S Z W AR 735 H i ke 22 RE I W8 K. R sl s a2 LB JZ ok
ST AMEZ; R BRERE; RMSE: ¥WRik%; E. FHMXWZ. TR Note: M, stands for soil monolayer water vapor
adsorption capacity; C for energy constant describing free enthalpy difference between pure liquid water molecules and single-layer
water molecules; K for free enthalpy difference between pure liquid water molecules and single layer water molecules; R* for decision

coefficient; RMSE for root mean square error; and £ for average relative deviation in percentage. The same below

®3 REBAMRSGCABREMS LRICIR MBI RESHEXRY

Table 3 Correlation coefficient between soil physico-chemical properties and GAB model fitted parameters during soil water vapor

adsorption and desorption processes

W B8 7 1o A 25 [ biag A Fohr EERiIR TS
Adsorption direction Model parameter Sand Silt Clay Organic carbon

% ff M, -0.70 0.60 0.59 0.92"
Adsorption C -0.23 0.03 0.43 -0.16

K -0.44 0.16 0.69 -0.40

fir g M, -0.71 0.64 0.55 0.95"
Desorption C -0.52 0.40 0.50 0.35

K -0.60 0.30 0.80 -0.06

T FORPIAEEE0. 05K (O ) b M TR AEREAE0.01KF (XU ) F B3 A Note: T indicates that the
two variables are significantly correlated at the 0.05 level (both sides); ~ indicates that the two variables are significantly correlated at

the 0.01 level (both sides)

G AH B R R R B st R WT LR Z AN A R S

W, RN UREE YN ER TS LR KR 2.2 TREIEKGR RIS RE

(K=0.91) , HALI2 : 1B+ 9%k F 10k 25 CF-E A IR B 4 K 7R A R 2 an PR
FREKEAXHEZE (0.73£0.03) , EAlfEfEl 1 7, KIPIEL NGABRIRIL & 45 H . 8 al %0,
TR 5 Wy SN L R T R ISR T SR AL AR R A S K R B 2 K R T BT
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HKT0.997, HHMRIEEZE/NT0.000 5, X iiH
G A B R 1] DLAR 47 i A5 4004 3 FF 1) 7K 95 A
k.

L R K VR R Y G ABA AL rf 2
BME (M,=0.002 8 ~0.031 4) 55 T KA
Mk M E (M,=0.001 2 ~0.023 0) , XAJHELE
AR A BE AR PR W AR AR TE R T S S S BOKIE
FEFE0.20 ~ 0.21 22 [A] X 17 19 - 398 55 7K 2t i 5 T 20
MEIFR, HHEEMH RS 2 5KRHR SRS
B MV B 3 2 B M R R DG 1 3 B — B
A ML F S S EM A I E A DG OE R
(r=0.95", P<0.01) ; FEEBRA YRS RS 6
SHELERERILLL - VB Y Y 7S
FEIG . BhR & 5 SR M b2 30 B3 0 A G
FF (r=0.88", P<0.05) ; —HAHXMESE T K
TR e A

LA KRR M & WCHE (C=
4.6 ~12.8) BI/NTIRHIHZECHE (C=8.3~24.7) ,
X5 SCHRAR I — B 0 s B 1 A AR A o
FE ] A W B a5 g, (RS g R AR E, X
S B S LA R A e Y L 3T A,
PR B A C 5 - B Ah P o 4 R R B (2 3 1Y
FHRKR

el A 5 R KR SR I 2 B KA BN TR
0.0035r1
0.0030
0.0025 1

0.0020 o}

y=0.015 7x+0.000 4

i e HR%L Hysteresis index (4,)

BRI 2R KA, 33K 156 T I B0 e A e 3R T A B £ K
O F I A AR N T R R
S 5 A R K R B A IE A e e R
(7=0.80", P<0.05) , Ifijt5 W% B it AR KA G i 35 1Y
MFEXZR (r=0.69, P>0.05) (£3), Xnfighy
+ K F AR AR SR
2.3 TIEAKCRIR B R SR

M3 BRI A KR S N, R — KT
JE TR 7K TR A W B Ak A e ) A K R 3 T R
AR, KRB RN () o KRR
{4 iy S R T RV 2 Ak 2 25 K0 AN [] 19+ Bt 1 UL %
B2 SE S R A R R 114 2 S T G K R
RRFIT 5 2000 22 B HE R TR RS2, 330 7 7K R I B 2k
BN E IR AR R L AR
308 32 SR AR A K VR BT it 2 i S A 0 T AROR
A G R0, A 44 Wi SRR (Ay) o AnfEBER
PRV TS ON AR L 1 ~ 75 R A R AR R B
Ja F8 %053 51°50.000 2, 0.000 4. 0.002 0., 0.000 9,
0.002 2, 0.003 0F10.001 9, M, 15Hba +HEH
JE e RN, 65 A R R

- RN i A LT R S et K VR )
M PAEERE Y Wik, AW Tt
AR S 4R S - ERORRA DLk 2 [A] Y AH G
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B IEAE K R (7=0.86", P<0.05) (K2) , X5
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Fig. 2 Relationship between hysteresis index of water vapor adsorption and soil physicochemical properties in the seven types of soils
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Simulation and Hysteresis Effect of Soil Water Vapor Sorption Isotherm
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Abstract [ Objective ] The isotherm of soil water vapor adsorption is one of the basic hydraulic
characteristics of soil. Simulating the isotherm accurately is of great significance to studying mechanism of
the interaction between soil and water molecules and predicting migration of volatile organic gases in soil.

[ Method ] In this study, seven typical soils of different regions of China were collected for determination
of water vapor sorption isotherms with vapor sorption analyzer, separately, in lab. During the process, the
water activity of the sample was controlled with the range of 0.1 ~ 0.9, and temperature was at 25 °C. Then
the GAB (Guggenheim-Anderson-de Boer) model was used to evaluate effect of the simulation of water
vapor sorption isotherms, and its performance was evaluated by root mean square error and determination
coefficient. Factors influencing factors of water vapor adsorption behavior and mechanism of the interaction
between water molecules and soil particles were discussed. [ Results ] For simulation of water vapor
adsorption and desorption curves of the seven types of soils investigated, the root mean square error of the
GAB model was lower than 0.000 7, while the determination coefficient was higher than 0.995. Compared
with the soil water vapor desorption process, the monolayer water adsorption during the water vapor
adsorption process was quite lower, but the molecules free enthalpy of pure liquid water and single-layer
adsorbed water was rather high. Monolayer water content during the adsorption and desorption processes
and hysteresis index were ultra-significantly and positively related to the organic carbon content. Monolayer
water content was higher during the desorption process (M, = 0.002 8 ~ 0.031 4) than during the adsorption
process (M, = 0.001 2 ~0.023 0) in the seven types of soils. The relation of monolayer water content with
clay content was affected by type of soil mineral. And no significant relationships were observed between
soil physico-chemical properties (such as organic carbon content, clay content and so on) and other GAB
model parameters (for instance, C, K) during the adsorption and desorption process. [ Conclusion ] The
GAB model is proved to be able to accurately describe water vapor adsorption and desorption processes in
the investigated soils. Soil water vapor sorption capacity is highly affected by soil organic carbon content,
clay content and type of soil mineral. Hysteresis occurred in all the investigated soils, and varies with soil
physico-chemical properties.

Key words GAB model; Water vapor adsorption curve; Hysteresis; Organic carbon; Mineral type;

Clay content
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