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An experimental study of the influence of loess salinity on combined water
film thickness based on NMR and nitrogen adsorption technique

HE Pan, XU Qiang, LIU Jialiang, PU Chuanhao, CHEN Da, ZHAO Kuanyao
( The State Key Laboratory of Geohazard Prevention and Geoenvironment Protection ( Chengdu
University of Technology) , Chengdu, Sichuan 610059, China)

Abstract; Bound water film is a kind of binding water, which has an important influence on the permeability
and mechanical properties of deep layer loess. Its thickness is an extremely critical factor, and the saturation
of the binding water and specific surface area are particularly important parameters in the calculation of water
film thickness. In this paper, a new testing approaches for calculating parameters of water film thickness is
attempted. Based on the analysis of freezing point of the bound and free water by the NMR technology, a
reliable time limit of free and bound water relaxation is obtained, and the bound water saturation in pore fluid
samples with different NaCl contents is calculated. The test results show that (1) the combined water and free
water have different thermodynamic properties. The low-temperature freezing-thawing test shows that the
freezing point of loess internal bound water is about —3.3 °C, while the freezing point of free water is higher.

Meanwhile, the relaxation time of the two in the T2 relaxation curve is also different, and the relaxation time
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limit (T2 cut-off value) is 1. 65 ms. (2) The thickness of water film in loess is negatively correlated with the

salt content in pore solution of soil. With the increasing salt content, the content of bound water decreases and

the thickness of bound water film also decreases, leading to the decrease of the shear strength of the bound

water and the increase of the permeability of the deep layer of loess. In this paper, the Nuclear Magnetic

Resonance technology combined with nitrogen adsorption method is used for the first time to study the

relationship between salt content and the film thickness of bound water. This method has no damage to the

samples, and the test is faster and more convenient with higher reliability, providing a new idea for the

microscopic study of water occurrence in saline soil.

Keywords : nuclear magnetic resonance ( NMR) ; nitrogen adsorption; loess; saltness; bonding water; water

film; T2 cutoff value
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Table 1 Basic physical index of test loess
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Table 2 Content of anion in the original loess
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Fig.1 Grain grading curve of soil sample
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6 117 232 186 510 11.67 23.1
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and NaCl content in solution under normal temperature
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JEAR AR L R SCHR M b oh K R AR
1 N LT B N Sl D B2 W U = 2= W S s
B M S A AR AR, 3 R S A K AE
iz 3y, K I BE WA 70 5 v Ik 45 & K 1 BT BT 5 IS A RE
KT LR BB R 3, B, 45 G K S, 18 31k
S o A SRR A5 R A B B b b B B S A5 A OK R
JE L LR AR G, B AR & S s, 25 A KA
W, 7K A BE T e IR B 25 A K B iR R AR TR B
T HBE N R R TR R 2 L A B B R T
AL AR I RNIZ £SO T B M XA R K
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=3.3 °C, T A K B PR B A K K
P EAZ R L AR v B0 3 B I 1) s S AR TR, i ) Bt 74
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BUEE A K IEAS W 25 A K TR i/ 2 R B
KA i BE AR, AT 42 o T2 88 R B iE I, U,
TNERE S HREBBMEEIEML,

AR SR S0 HOR B, H A5 AT A IT MR A L EDE,
DALt AR SO T i P AR B AR R Rl i 3 5 BET
R BH e i 1 5 T 3, Al R T b R AR A Y
TROULATE 7 $E AR 1 JEL B

£ 2 3 Wik ( References) ;

(1] ZFl, MR, RO, 5. L3 sh wife o 5 gk
KMAFAF LA [T]. M=, 2012, 67(9):
1233 -1245.[LI J G. PU L J, ZHU M, et al. The
present situation and hot issues in the salt-affected soil
research [ J ]. Journal of Geographical Sciences,
2012, 67(9) : 1233 —1245. (in Chinese) ]

[2] R, R BRI, S5 JET 52 BT SVM i 28 ) 2%
4 b 39 R Ak 9 T T AR AL (7] 7K SCH B AR
Jii, 2018, 45(5): 143 - 149. [WU D, JIA K L,
ZHANG X D, et al. Soil salinization disaster
prediction model based on heterogeneous SVM neural
network [ J ]. Hydrogeology & Engineering Geology,
2018, 45(5) ; 143 —149. (in Chinese) ]

(3] Fse, 8000, K%, 5. 12 PH R IR X 443 BRRAE
Kl AL LT 7K SCHb BT 8% M BT, 2018, 45
(1): 123 -130.[XU Q, WEI Y, PENG D L, et al.
Characteristics and failure mechanism of the Jiangliu
4# landslide in the southern tableland in Jingyang
County [ J ]. Hydrogeology & Engineering Geology,
2018,45(1): 123 —130. (in Chinese) ]

[ 41 FEIOHME, XUAE 2,5k 308k, %, Tfa (M) 2
. b Hb B R AL, 1999 22 - 37. [ TANG D

[5]

[8]

[10]

[11]

X, LIU Y R, ZHANG W S, et al. Rock and soil
engineering [ M ]. 2nd ed. Beijing: Geological
Publishing House, 1999 22 - 37. (iin Chinese) ]
BUORAL, B BB b SR KB R JE B LT ] i 3
WEHIF &, 1998(2):91 -93.[HE CZ, HUA M Q.
The thickness of water film in a reservoir [ J ].
Petroleum Exploration and Development, 1998 (2) .
91 -93. (in Chinese) ]

AR XN, 230K R BEERISTE AR A L
W R AT [T]. & k1%, 2007,28 (7))
1323 —1327. [ZHAO M H, LIU X P, PENG W X.
Application of aqueous film theory to study of
unsaturated soil’s suction [ J ]. Rock and Soil
Mechanics, 2007, 28 (7). 1323 - 1327. (in
Chinese) ]

ARSI it = [ e o L B e K R )
[D]. P K&K, 2018. [ MING X K. Study on
the characteristics of loess pore throat and water film
flow in Weibei of Shaanxi Province [ D ]. Xi’ an:
Chang’ an University, 2018. (in Chinese) ]
PRI, A AL, 46 3 RO B L AR S
KZES MR For [T]. A+ TR 24, 2013,
35(4): 691 —696. [ CHEN Q, XIANG W, CUI D S,
et al. Adsorption of nitrogen and water vapor by
sliding zone soils of Huangtupo landslide[ J]. Chinese
Journal of Geotechnical Engineering, 2013, 35(4):
691 - 696. (in Chinese) ]

W EE. R b 25 5 B b 45 5 KOk bR B0 i BF
LT BEHEARE TR, 2017, 17(6) : 92 - 96.
[ YANG Q. A study on influence of bound water on
viscosity coefficient of clays during consolidation[ J].
Science Technology and Engineering, 2017, 17(6) :
92 -96. (in Chinese) ]

TR, XU, TR, 4. 0 B K IS RE JEE 4 E 3
A Z WL BB 7 B —— Rk R R
Mg R EILT]. SRR H BT, 2016, 37(1) .
135 - 140. [WANG W M, LU S F, TIAN W C, et
al. A new method to determine porosity and
permeability cutoffs of tight oil reservoirs by using
thickness of adsorption water film; A case study from
the Damintun Sag, Liaohe oilfield [ J]. Oil & Gas
Geology, 2016, 37(1) : 135 - 140. (in Chinese) ]
R P, RS BOE R A UK IR 3 AR
W R oK TR B AT [ ). R B T A B 2 4R
1999,26 (4) . 389 - 391. [ XIANG Y, XIANG D,
YANG Y C, et al. Study of gas recovery and water

film thickness in water drive for tight sandstone gas



45 4

K 3T o T

- 149

[12]

[13]

[14]

[15]

[16]

[18]

recovery [ J]. Journal of Chengdu University of
Technology, 1999,26(4) : 389 —=391. (in Chinese) ]
MORIN R, SILVA A J. The effects of high pressure
and high temperature on some physical properties of
ocean sediments [ J ]. Journal of Geophysical
Research, 1984, 89(B1) . 511.

GEE M L, HEALY T W, WHITE L E.
Hydrophobicity effects in the condensation of water
films on quartz[ J]. Journal of Colloid and Interface
Science, 1990, 140(2) . 450 —465.
AT B e, RSL A B ST B A A K 2K
BIAUARRE 43 ()] & TREH, 2014, 36(5):
942 -948. [WANG TH, LI Y L, SU L J. Types and
boundaries of bound water on loess particle surface[ J].
Chinese Journal of Geotechnical Engineering, 2014, 36
(5): 942 -948. (in Chinese) |

SRR . Rl A 0 W% B 5 A KR RS I S s
P [J]. A TR, 1984,6(6): 84 - 93.
[WU F C. Some characteristics of adsorption-bonded
water measurement and seepage of clay soil [ J].
Chinese Journal of Geotechnical Engineering, 1984 ,6
(6): 84 -93. (in Chinese) ]

BRI, XEB%, kk. B S5 G K BB 1T S BT
FOI]. WIS I, 2013, 30(6): 1 -
4. [XIE G, DENG M Y, ZHANG L. A study on the
influence of electrolytes on clay bound water [ J].
Drilling Fluid & Completion Fluid, 2013, 30 (6) .
1 —4. (in Chinese) |

UG, RE SC, SRR, BRI AR T2 545 LB
NAp oy i AR E [J]. Uk Ae Rk, 2008, 25
(2):273 -280. [LI H B, ZHU J Y, GUO H K.
Methods for calculating pore radius distribution in rock
from NMR T2 spectra [ J]. Chinese Journal of
Magnetic Resonance, 2008,25(2): 273 - 280. (in
Chinese) ]

M2, B 5T BRI R AR 5 R0 F 7K
MRS T]. PEBEBORFLY, 2014,
44(3):295-305. [TIAN H H, WEI C F. A NMR-
based testing and analysis of adsorbed water content
[J]. Scientia Sinica: Technologica, 2014, 44 (3):
295 -305. (in Chinese) |

NING LU, WILLIAM J LIKOS. Unsaturated soil
mechanics[ M]. New York: John Wiley & Sons Inc,
2004 67 -92.

fmiF, BE®R, Hark, % BEi 12 04
WA O LR A B et 7 ik [T sk Wy 3o
IR, 2005,48(2): 373 ~378. [HE Y D, MAO Z Q,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

XIAO L Z, et al. An improved method of using NMR
T2 distribution to evaluate pore size distribution[ J].
Chinese Journal of Geophysics, 2005,48(2) . 373 -
378. (in Chinese) |

PICKETT G.  Modification of the Brunauer—
Emmett—Teller theory of multimolecular adsorption
[J]. Journal of the American Chemical Society,
1945, 67(11) . 1958 - 1962.

ISHIZAKI T, MARUYAMA M, FURUKAWA Y, et
al. Premelting of ice in porous silica glass [ J].
Journal of Crystal Growth, 1996, 163(4) . 455-460.
YONG R T, TAYLOR L O, WARKENTIN B P.
Swelling pressures of sodium montmorillonite at
depressed temperature [ J]. Clays and Clay Minerals,
1962,11(1) . 268 —281.

PNE R, FIEE 4. BET S00ME Mk It
L R m AR 2R [T]. dE4 R 7, 2001, 24
(1):7-8.[PENG R Y, ZHOU P H, WANG T J,
et al. Discussion on the error of measuring specific
surface area of powder by BET nitrogen adsorption
method[ J]. Non-Metallic Mines, 2001,24 (1) . 7 -
8. (iin Chinese) ]

TRE N, 2 5] 5%, 2%, 45 o R P OTRR S &K A
MR B A [T ] K SCHL BT TR Jb T, 2014, 41
(3): 53 -59. [XING X L, LITL, LI P, et al.
Variation regularities of loess shear strength with the
moisture content [ J ]. Hydrogeology & Engineering
Geology, 2014, 41(3): 53 =59. (in Chinese) ]
JAEGER F, BOWE S, VANAS H, et al. Evaluation
of "H NMR relaxometry for the assessment of pore-size
distribution in soil samples[ J]. European Journal of
Soil Science, 2009, 60(6): 1052 — 1064.

BRI R A AR R S T O R R AT S (7]
LA BE A4, 1996,18(3) @ 41 - 46. [ QTAN
Y X. Properties of a planar electric double layer under
reservoir conditions of oil reservior [ J]. Journal of
Jianghan Petroleum Institute, 1996(3) . 41 —46. (in
Chinese) |
TOKUNAGA T K. Physicochemical controls on
adsorbed water film thickness unsaturated geological
media [ J ].
47. W08514.
CHENG L D, LIU W Z, LI Z, et al. Study of soil

Water Resources Research, 2011,

water movement and groundwater recharge for the loess

[ 1.
Transactions of the ASABE, 2014, 57(1) . 23 -30.

YREE. T £ 4

tableland  using  environmental  tracers



