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Water vapor adsorption characteristics of unsaturated loess

FU Wenyuan®, LIU Deren®, WANG Xu®’, LI Jiandong®, MA Yue®

(a. School of Civil Engineering; b. National and Provincial Joint Engineering Laboratory of Road &. Bridge Disaster

Prevention and Control, Lanzhou Jiaotong University, Lanzhou 730070, P. R. China)

Abstract: In order to study the adsorption characteristics of water vapor on unsaturated loess, isothermal
adsorption experiments under different humidity conditions were carried out by vapor equilibrium method. The
adsorption behavior of water vapor on the surface of unsaturated loesswas analyzed, and the effects of
temperature, mineral composition and content, dry density on the adsorption property of soil were discussed.
The experimental results show that the water vapor adsorption capacity of unsaturated loess increases with the
increase of relative humidity, and the entire process consists of three stages: monolayer adsorption, multilayer
adsorption and capillary condensation. The GAB model can describe the water vapor adsorption process of
unsaturated loess. There is a significant negative correlation between water vapor adsorption capacity and
temperature. When the relative humidity is constant, the adsorption capacity of water vapor decreases with the
increase of temperature. Water vapor adsorption of unsaturated loess is closely related to mineral composition,

and clay mineral content directly affects its water vapor adsorption capacity. In addition, the effect of dry density
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on water vapor adsorption capacity can be divided into two stages. When the relative humidity RH<80%,

water vapor adsorption capacity increases with the increase of dry density. For capillary condensation stage,

with the increase of dry density, the amount of water vapor adsorption no longer increases but decreases.

Keywords: unsaturated loess; water vapor adsorption; vapor equilibrium method; isothermal adsorption;

adsorption characteristics
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Table 1 Soil basic physical index
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Table 2 Water vapor adsorption test scheme of

unsaturated loess with different influencing factors

RS S  WE/C O LB/ THE/(g/om?)
Al 10 1.35
A2 20 1.35
B1 20 10 1.35
B2 20 30 1.35
c1 20 1.20
c2 20 1.50
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Fig.1 Water vapor adsorption sample of unsaturated

loess
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Fig.2 Schematic diagram of water vapor adsorption test

device
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Table 3 Different saturated salt solutions and their

corresponding relative humidity
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U 45 S 4 30 (D) 33 R A K 28 O
18, I DU X I A0 K 28 0 B o O B AR AR
] 45 T 1 BT a2

m; = ni

qg= (1)
my

s g R B 8 5 o D 0 AR i B
1, R W RSP I B R i B R

2 REERDM

2.1 FEiaFNE KBS HFFE

FH 28 VT A R B A5 B RE R 20 °C LT EE R
1. 35 g/cm’ i A AE 1 1 4 XRE K 2% 0% B i s
6] () B A5 A AR h Z6 4N P 3 i o T LA L K 28K
W o6 ek i I B 5 252 EF [ F 385 o o 34 o, R R T LR
8 728 Ak R S0l B S, 2R I R RH<Z97. 1% B, 55 1
R 56 B A W 7T 3k R B 19 70 %6 DAL 5 X A X
M RH=97. 120 i}, - FEHT 5 KW BE iy 7K 28 &%
et o IR BT A Y 79 06, B IS W B S ) R A i R O
/N, 238 BB — I RS 7K 78 S0 B S FE RS
A TR IR B . B 3R B 1) JE M R B
- W B K 28 SR B0 AR E A I R) R e A AR R
(0 O 28, FH G 1 6 5, 5 3 ) i R ST Al i T
{14 B T o, A 5 2) 7K 2 AW B 8 I R 0T 1 B 1 38 R



% 14

B4, F AR ek R0 KR AR A 83

T 158 R, AR X 8 8 A IR B, 38 R A9 R 0N, 24 A0 X
18 RH>>58. 8% B, 7K 78 = W Bt 2 Bifi AH X 12 B 1)
N30

7 = RH=11.6/% > RH=84.5/%

~+-RH=23.0/%  —* RH=90.9%

——RH=33.1/%  —+RH=97.1/%
6 | —~ RH=43.2/%

—+ RH=58.8/%

~RH=T75.5/% - P i e
5| e

TRAESIf /%

il
B3 AREMEMEEKESEMEMEEENEL

Fig.3 The variation of water vapor adsorption capacity

with time under different relative humidity
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different temperatures
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Table 4 Mineral composition and content of soil samples

T R} %

i LY mkAa WA miba BRE A A4
A2 45.0 19.7 8.7 8.8 8.6 8.1 1.0
Bl 38.3 17.3 10.0 8.6 9.0 8.0 8.8
B2 34.6 15.5 13.8 9.7 7.6 7.0 11.8
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Fig. 6 Relationship between water vapor adsorption and
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clay mineral content
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Table 5 Variance analysis results
J7 25 K ﬁﬁ; th ¥75 F b
Ji i ;-2
i B 1.893 1 1.893  47.008  0.021
Ry R 1,818 2 0.909  22.584  0.042
2 0.081 2 0.04
Jo¥i| 3.149 5




% 14

B4, F AR ek R0 KR AR A 85

H1 7 25 50 AT 45 R vT 0 TR O A B i
(4 58 Mk PAE X /N T 0,05, U8 BT IR BE 07 4 4y K
B K AR A B LA R R R 25
B IR FER G R IT R PR E T
3 Ko B k% A AR RN HE 4 K FR AW B R E AT R
R T B AN
2.3 KESEEWMEENE

H T, 388 55 IR B B g R 2, )T
Ay 72 BS 1 Langmuir J7 #2 & e 0 45 IR 28
TR Z — o R W B T Y A W B
ANAR H AW B AR — A4y F SR

qzl"ﬁfp (2)

Sl AT S AR NN L3 S G 2 e <08 = N )
tit 5k O Langmuir % %0 p P .

Freundlich £5 #4 fi 7 <M W B & A= 78 E £ 2 [
PRFT, 0T FH Tl ik 22 2 W B oo A2, ek ok

q:/el.«P% (3)
Ao g R 5L 5 A A 2 Freundlich & 44
PRV R T,

BET W B %27 1 80 4R i W iR R i k4B T 2 )2
W B, 38 FH AR X R AR 1O T ) R R A Lk 40
fo HEKRAH

Gy C
(1—a)[1+(c—1)a,]
P g R W B 5 g, R B3 2 R i R
s a, KA R S S AR s A BET # 4.

GAB i J& 75 BET #1819 Jefift b & J& i >k
(9, 5 BET BAUM 1, GAB BRI A T £ 20 [ fie
Bk, H GAB #5856 HI 9 A8 X B ¥ Bl (RH=
5%~95% ) K F BET B8 (RH=5%~35%) , &
FLA 8 F RS 2R B ik N
o quka,c
(1 k)1 +(c— 1) ka, ]
s g AR W B 5 g, R B3 2 R B I
5 a, 2 A X 7 SO R BE 5 o Rl k2 GAB H 2L,
SR 2EME20ERA X,

W B 2 A TR X 4 A K 25 AR AR AR R L
r ) R B et AR ELA EE AR . A Origin #0448 X6t
00 B A 18 7K 28 S R R B i e a3 ) SR T L A A
BT LG A a5 R 8 iR o

(4)

q:

(5)

q

[ a Arcm . AR . BIGATED
—— Langmuir 6 — Langmuir —— Langmuir
—— Freundlich [ — Freundlic 6 - —— Freundlich
—_BET | — BET — BET
. 6 —GAB / — GAB —— GAB
S & 2
2} / . \
= ’," g 4r Hﬂg}“ 4t
%} 4t & = 7
r r o
ﬁ # ® .
~ X2t 2al
2 B _
-
el —~ -
I i ! L L ' 0 L 1 L L L L L ! 1 ! L L L 1 ' '
10 20 30 40 50 60 70 80 90 160 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 S0 60 70 80 90 100
AR EERH/ % AHAHZEERH/ % AHAHEERH/ %
Ve gt N s g
(a) Al B HERIRIL A (b) A2 L FERTRIIA (¢) Bl BHEHERIHL G
r ‘ [ e ciatein o
" BRI \ 2 " C2aRE)
— Langmuir r 6 —— Freundlich ~— Langmuir
— Freundlich / — BET I I‘l‘sl{ndll h
s =i | 0
2 | S /| Sat
] i / iz
4t
B4r = X 7
RE RE R, L /
® %} %7
ok
" L)
" —n— =
= i;vj ‘777‘77)7 L L L L | 0 o L L L L L | 0 - : . ; ; : i |
10 20 30 40 50 60 70 8 90 100 10 20 30 40 50 60 70 8 90 100 0 o0 a0 40 50 B 0 80 S0 100

FXHEERH/ %
(d) B2 L F BRI &

AHAHEERH/ %
(e) C1 R FERETU LA

AHXHEEERH/%
(1) C2 - AR A

8 FRIHMKESERBRMEBEKIUS

Fig. 8 Water vapor isothermal adsorption curve fitting of different soil samples
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Table 6 GAB model fitting parameters of water vapor

adsorption
, W B2 B
T MG
c k q,./ % R?
Al 4.531 0.924 0.765 0.9953
A2 9. 000 0.923 0. 584 0.996 0
Bl 7.701 0.911 0.683 0.9956
B2 3.625 0. 857 1.261 0.998 6
Cl 6.493 0.926 0.589 0.996 1
C2 11. 254 0.917 0. 594 0.996 3
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