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An experimental study of the measuring hydration film thickness
of clay particles with atomic force microscope probe
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Abstract: The thickness of hydration film of clay particles is the theoretical basis of swelling mechanism of
argillaceous expansive rock and soil. There are abundant data on the measurement of clay particle hydration film
thickness, but the study of the measurement of clay particle hydration film thickness by atomic force microscopy is
relatively rare, and the test method is not perfect. Based on the three-layer hydration membrane structure model
and atomic force microscope test technology, through the test and research on montmorillonite powder, mudstone
powder and mudstone rock slice, this paper puts forward the measurement method of the thickness of the
hydration film, the preparation method of powder sample and rock sample, and the statistical processing method of
the test data. The variation rules of the free water section, weakly bound water section, strong bound water section
and clay particle section of the hydration film thickness test curve are summarized. Through comparative analyses
with the existing research results, the rationality and feasibility of the testing the thickness of the hydration film of

clay particles by the atomic force microscope is demonstrated. Combined with engineering practice, the
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engineering significance and theoretical value of the quantitatively obtaining the hydration film thickness in

understanding the swelling mechanism of the argillaceous expansive rock and soil are discussed.

Keywords: hydration film thickness; clay particle; atomic force microscope; penetration test method;

argillaceous expansive rock and soil
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Table 3 Simplified table of hydration-swelling model for the argillaceous expansive rock and soil
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Table 4 Relationship between swelling parameters and hydration film

WK e LB
: s g N =) 5/ 1 Sl B4+ A =
R @éﬁiﬁﬁi@ﬁﬂﬁﬁ?mﬁﬁw*h%“”“ém“”y; SHLH IR 1 AR LI, 5 30k o NS R
iy DK RB AT RKRIRRACE, SRRttt 2 N5 0 KBS R
T R K g 1 () AR
s T EIRIECS CO AN (60%) AP T WIK-EIROIN L ORI T, RIS 5 K, 31K
b ek, AR RRE B MK S TR s
SE . DRI B 1K R+ 040 & LR Bk - WK T
SR AT, P R, ST A R WK - SRS A, R K K OO
AT ST B
R IR B, B A L . b R S P
e AN AR LA 5t RARREHS , BRI 000 IS TS KSUZI £ bt B B, fe R |

A P TR

WURLAIBH B F2c it ARl . — A E e L SR 2 b Y

ST LU 2 R B RREE, AT LA AL 7 - (v

5 Fit5EW

(1) 38 2 358 W 5% 30E B 5 7 g A B R A D
A8l - R KT R B A BT AT Y

(2) 3 F J5F 7 o Bl o) A 3K ) 285 A0k 2% T
MR 45 4 /K B JEE BE7E 14.18 ~ 14.77 nm Z[6], §9455 7K
JIES JEL BE 7E 25.12 ~ 28.88 nm Z ], i J&E B 7F 39.42 ~
43.65 nm 2 [H], FREA SCHR AR 45 5 K SO ] .

(3) 2T 3 J2 7K b BB 445 g A2 78 0 Ji 5~ 7 b ol
AR 25 R, 7K ph B P R 3K £ 0 oA ) pl K B L 5
G KEB . REE A KB B R URLEL 4 Y.

(4) J5F 77 S e ) A 3 28 1 S0k K ke g
P 77 9 85 A AT B, 6 RE i B SROAN 1R, 3 U8 TR ik
KA R B B I, AR A 5 U R Ak P A

{14 ol W2 R ATL 6 48 (36 1 D R A S 2k

(5) B - WORLAK AL IR 8 5 5 i A 5 L BHES 1
Aeffeit . A I A K AR IR K A AL
AW K 28O R B DD, X T IRAWESE R L WORLK £k
AR L AR IR AL B A B 3

& #E @k ( References ) :

[1] SR, BRfhisk, B0 . I MKk 1 oK oo A2 1 i 30 F 5%
(7). 7K 3C 3 i T2 b 53, 2016, 43(4): 108 — 112.
[ GUO Yongchun, CHEN Weile, ZHAO Haitao.
Experimental research of water-uptake process of the
expansive soil[J]. Hydrogeology & Engineering Geology,
2016, 43(4): 108 — 112. ( in Chinese with English
abstract) |



- 112 -

7K SCHb BT TR b S

5% 6 4

[2]

(3]

[4]

[5]

[EPRYUIR. & £ TR 4 Mo 07 3R M. & B 3w, 45,
. MR B A T2 e L, 1988: 105-116. [ Mitchell
J K. Fundamentals of soil behavior[M].GAO Guorui, et al,
trs. Nanjing: Southeast University Press, 1988: 105-116. (in
Chinese with English abstract) ]

BINE U/ e v o | PR Al Y- RS | 4 )
AT [M]. ZEAEAR, Bz —, 3. LR B AL, 1985:
152-168. [ B. U. Ocunos. The essence of strength and
deformation properties of clay-like soils and rocks[M]. LI
Shenglin, ZHANG Zhiyi, trs.
Publishing House, 1985: 152-168. (in Chinese) ]

AR, RRIE, W, . E K L TR BT A
[M]. B &2 VLo Bk 22 5 AR AL, 1992, [ LI Shenglin,
QIN Sujuan, BO Zhunzhao, et al. Studies on the

Beijing:  Geological

engineering geology of expansive soils in China[M].
Nanjing: Phoenix Science Press, 1992. (in Chinese) |

T2, FLAE. FRBRE - TR LA M. bt B2
R 41, 2006. [ TAN Luorong, KONG Lingwei. Soil
science of special geotechnical engineering[M]. Beijing:

Science Press, 2006. (in Chinese) |

L6]

[7]

(8]

[9]

v AR B (M. 20 b T AL R, 2013
[ GAO Guorui. Neoteric soil geotechnology[M]. Beijing:
Science Press, 2013. (in Chinese) |
B MK 0 B BIe T 5 J  RE R 3 AR
f 13 1 [D]. B #B - P4 RS A 3E K 4, 2019, [ ZHOU
Mengyi. Theoretical calculation method of swelling
capacity of expansive soil and its application in slope
engineering[D]. Chengdu: Southwest Jiaotong University,
2019. (in Chinese with English abstract) ]
DROST-HANSEN W. Effects of vicinal water on colloidal
stability and sedimentation processes[J]. Journal of Colloid
and Interface Science, 1977, 58(2): 251 — 262.
FAC . BT IR T 7 K R 1 AL R THT /K A 5 AR R ]
AHEAEF WG [D]. 40 B E &l K%, 2015, [ WU
Lun. Study on hydration film on coal surface and interaction
force between particles based on AFM[D]. Xuzhou, China
University of Mining and Technology, 2015. (in Chinese
with English abstract) |

HiE: KRR


https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4
https://doi.org/10.1016/0021-9797(77)90142-4

