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Types and boundaries of bound water on loess particle surface

WANG Tie-hang, LI Yan-long, Su Li-jun
(College of Civil Engineering, Xi'an University of Architecture & Technology, Xi'an 710055, China)

Abstract: The objective of this study is to divide the types and boundaries of bound water on loess particle surface and to
investigate their related physical and mechanical properties using the isothermal adsorption and thermogravimetric
analyses. The results indicate that the water formed from the water vapor adsorbed on a loess particle with the relative
humidity less than 0.59 is the strong bound water, and the water formed from the water vapor adsorbed on a loess particle
with the relative humidity of 0.59 ~ 0.98 is the weak bound water. The absolute water content boundaries of the strong
bound water and weak bound water are 0~2.70% and 2.70%~6.61% respectively. The thermo-gravimetric intervals of the
strong bound water and weak bound water are 125°C ~245°C and 65°C~125°C respectively. The hydrous specific gravity
of hydrated loess and the density of the bound water decrease with the increase of the absolute water content. The volume

of hydrated loess, volume of the bound water and thickness of the combined water film increase with the increase of the
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absolute water content.

Key words: loess; bound water; isothermal adsorption; thermogravimetric analysis; relative humidity
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L5 KAHELAE PR B &5 57K, S5 B mT DA e T
B AR AN ] AR RIS W B 7K I 21~ A I 110 o £
S, B AT R K G i . L
WL SAH HR KV, AR PRI X 2 SOk ]
SE5 KA 2 BRI T B AR AL o S A A7 2 — T
N2 AR 0 A o P 0 B A 1 P AR A DG R ) R BT
A, WIRG L RLHI T -G ek, WFEAER
G HE TR, T-G g Ly km T
P T FRAE LR I PR DX () ) R T A8 A, 1
FERFR B BRIRE, BRI nT DAAE R S R S kR
W BRAR AL B A 27 AR A 1) 5 PR
1.2 RBWAR

I LRI AP AR Qs B b=, LFF
S, WM 16, BT RFES L. 630k
(121505 L0 W) 1 45 5 /KAE 200°C ~250°CH 584
2, DR, OB AT B AR 0.074 mm i, B
N EFEAE 250°C ML EAE . L FELE 250°CHPHET 2K
TR K% oE SO “4ist-& kR PRI 5] 8L
A7 L TR TR HE R AR S LA 105°C~110°CHE
TR F TR K . R X S AT (XRD)
SRR s R X SR S BT X
(XRF) %3 FHT w2 e w o, 32
TG Z AN 25 SR BET 200 Bkl o i 1 L& 1
B

TG I A3 M7 RS FEEL 10 g BT AR B AE 21
ML _F, R IUE T A A (RH=0.04~1.0)
TR, X T RH=0.04~0.98 [0 EEFREE, R
YR RS AT 45, T RH=1.0 PV PR
ATKHEATES o IR TR B A 25 CIEIRAR N,
FOAAR IR B B B £0.2°C o B 24 h FREE—IK, B
IR IR IR BT . 10 45 S B [RIAF O B 2R
e, B R B KV P R )k 8~10 do HUAE
AN TR AH R P PR R T4 i 11 3 AR B 20 A
TR E R 27.5°C~500°C GREG I %3968 27.57C),

AT A L 7KAoL DX ) P A O, RS T
I Z 4 6 10°C/min

K H HF R K & Ja B L e, JF il
1 E A /KA L (hydrous specific gravity ). 1361
HESEA RN BE IS T /K& 5 I3 15T 50 mL H
W, FREJHAN - ERER ST, R NG KR
M, R LASKRASE FEAHA 1S he RS
TE KR A N B A7 B BB P A 8 L O P & 20
Ab, B EEEMCE T 25 ClEEKEF 30 min, F5R
RS, BB L ER, BTSN, FrE LR
L B AR BT R, R R A KRR B ARG
fifi 4 0.0001 g.
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Table 1 Mineral compositions of loess

T4 2z EE/ %
TR CaCOs 5.52
AT Sio, 69.94
R (K,H;0) ALSi;AIO 6.12
Kh NaAlSi;O 15.14
FiA Al,Si40,9(OH), 3.28

F2 HELWMUFENRS

Table 2 Chemical compositions of loess

A WE% | A WE/% | AN B E%
Na,O 1.0500 TiO, 0.7520 Rb,O 0.0140
MgO 2.3480 V,0s 0.0170 SrO 0.0248
ALO; 14.9500 | Cry0O4 0.0140 Y,0; 0.0025
SiO, 55.0000 MnO 0.1150 Zr0O, 0.0318
P,0s 0.0888 NiO 0.0050 | Nb,Os  0.0020

SO; 0.0710 CuO 0.0100 BaO 0.0730
K,O 2.8990 ZnO 0.0124 Rb,0 0.0140
CaO 4.6490 Fe,04 5.8350

MF 1 el DUE RS PT I Qs 2 L 2™
WISy R S K AR 59 BN SRR IR A g KA T fidAa
SHPLREA 90.6%, A A s . Wk
ISR PR L WA R RS A, —HF SR
A 612 %, 3.28 %. fEiZ LR WAL E R -
W, WA, A, T &G m S
HuIX Qs 3 i T KA PR — S

MR 2 FRTLLE #, 3 1 Si0, s, A 55%,
HUA ALOs. FeO3. CaO. K,0. MgO. Na,O. i
G2 1VoHAh, Sio, Fadm AR T EhEfa R
AT, ALO; & EE w58 LT & A4
KAMZEM AR, KO &5 m A RE
2.2 HIrytbFRmR

R W LR TR R DR /N FR B i 0 A k2
(s, LR TRRUBR R LR B i )t Bk . 35 111
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Fig. 1 Adsorption isotherm and desorption isotherm (N,)
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Fig. 3 TG curves of loess under various relative humidities
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ATDAE A RH<K0.59 [ PR EE R BT b IR K
SO AR, HAAKREX )Y 125°C~245°C, 465%)
FIKFEN 0~2.70%; 17 0.59<RH<0.98 [ A
BE N BB iR 7K s oA 9455 7K, HOAH AR H X [A]
H 65 C~125°C, HAXNEKHA 2.70%~6.61%; 4
RH>0.98 I, #& - AT Bt (17K ok 1 HHZK . T RH=0.98
FEAR T A /KA ZE Y, BT DA R DX R] N 3
TR BRI PTE R E KR AR AR, A
YRR, RH=0.98, 1.0 I i - (R 4] & /K FAHAE,
BIh 6.61%; fE#E M7 M E /N T 65 CHY,

RH=0.98, 1.0 [FR A IR 1 /K G 3 b AR R A AY
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Table 3 Calculated results

CE T TN
ﬁﬁ meks gesk e BAEK BEEK .
BEEC e K% /% gésc(; 00 1(2655.,5) o, K%
0.04 1.33 — 1.33 1.29 — 1.29
0.07 1.65 — 1.65 1.63 — 1.63
0.11 1.85 — 1.85 1.86 — 1.86
0.23 2.10 — 2.10 2.14 — 2.14
0.33 2.40 — 2.40 2.42 — 2.42
0.43 2.49 — 2.49 2.51 — 2.51
0.59 2.70 — 2.70 2.66 — 2.66
0.70 2.70 0.07 2.77 2.69 0.09 2.78
0.75 2.70 1.00 3.70 2.65 1.01 3.66
0.85 2.70 2.06 4.76 2.59 2.02 4.61
0.98 2.70 3.91 6.61 2.81 3.78 6.59
1.00 2.70 3.91 6.61 2.77 3.80 6.47
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Fig. 4 Relationship between hydrous specific gravity of loess and
absolute water content
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