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Effect of different media environment on dispersion of clay
and treatment with lime on the dispersive soil
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2 Geotechnical Research Institute of Hehai University , Nanjing,Jiangsu 210098, China)

Abstract: [Objective] The research was to study the effect of different media environment on disper-
sion of clay,explore the dispersive mechanism and find out the proper mixing ratio of lime to modify the
dispersive clay. [Method]) Based on the differences of physical and chemical characters between dispersive
clay and non-dispersive clay,the dispersive properties of the clay soil were studied under the conditions of
the different medium environment which simulated with the crumb test. The dispersive clay with lime was
treated,and the results of the treatment were judged by crumb and pinhole test to seek proper quantity of
lime. [Result] The results show that the non-dispersive clay presents dispersive property when it is in
high-natrium alkaline condition. When it is in NaOH and in Na, CO; environment, the corresponding critical
concentration is 0. 3 mmol/L and 0. 1 mmol/L,with the pH 10.5 and 10. 13,the concentration of Na™ 0. 3
mmol/L and 0. 2 mmol/L respectively. But when it is in NaHCO, , KOH,KHCO, ,K,CO; ,NaCl and other

*  [WFEH] 2010-10-09
[(FEETH] EEKARPARETUH (50979094) 5 PiILARMBHE K352 ARF T IUH (08) 5 YL A MFL 5 K2 FHIF & (06 ZR41)
[fEH A ﬁ (1985 —) & PRHT L FE M+, EE M + TR . E-mail:luxuejienihao@163. com
LEfEEE] EiEilf964—), B PP E A 8+, 582 T ENF A+ TR 55 . E-mail: dangjingian@163. com



5 530

PR A AN TR A S ER I X 6 A 3 F ) B ) B S BT 2 A T 209

neuter environment, the non-dispersive clay behaves normally. The dispersive clay’s dispersive property be-

comes weak as the salt solution consistence rises and behaves non-dispersive in the end. When it is in NaCl

and CaCl, media environment, the critical solution density is 5 mmol/LL and 1 mmol/L respectively. The

lime is an effective additive when the content of lime is up to 0. 25 g/kg with mass ratio, the dispersive clay

becomes the non-dispersive clay. [Conclusion) The study indicates that proper concentration of Na™ in the

alkaline environment could promote dispersive property;and appropriate concentrations of cation (including

Na™),in a non-alkaline environment can inhibit the dispersion. The lime is an effective additive for the dis-

persive soil.

Key words: non-dispersive clay;dispersive clay;medium environment;lime;treatment;dispersive mech-

anism
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Table 1 Physical properties of soil samples
UKL AL/ Y% , ; BRTHE RhE e sl
. < : I R A AR AP i 4 4y 2k 018]
R jé*i LEE Granulometric composition K%Y K% i (g - ;m 3) 7(&1/% ﬁsoﬁt
Number Dpeatic 0.075~ - Lliquid Plastic Plasticity the ptimi clas-
Gravity =>0.075 = <<0. 005 . .. Maximum zation e
mm 0.005 mm limit limit index . sification
mm dry density  water
YL 2.71 4.8 60. 2 35 35.5 18.6 16.9 1.71 17.8 1EE(&I§E§JJi
Low liquid limit clay
TX 2.71 6.8 89. 2 19 25.0 14.6 10. 4 1.76 15.2 ﬂQd&_EE@Ji
Low liquid limit clay
F2 #HidtENLEER
Table 2 Chemical properties of soil samples g/kg
v o VRSN g b M A HLBT
+ S Soluble sal o o .
oluble salt Med-dissolved  Indissoluble Organic pH
Number o m— N - S 2 i
COi~ HCO; (I SO7 Ca’*  Mg?"™ Na K+ salt salt matter
YL 0. 06 0. 34 0.02 0.01 0.03 0.01 0.05 0.02 0. 37 125.4 3.88 8.19
X 0.09 0.41 0.01 0. 00 0.02 0.01 0.18 0.01 0. 30 101.4 3.50 9.62
F3 HIKITHENT YRS W
Table 3 Mineral compositions of soil samples %
N s e 1 A R R S A A SR
Ly B 0T WA S E%timatcd%valuc Ofl_l
+ B Jegs Relative mineral content iliite and smectite
Numb Total T - . - —
e o Prgmiz e P £ ST RIZILCS A St
Illite-smectite Illite Kaolinite Chlorite 1/S Illite Smectite
YL 32.7 30.0 52.0 7.0 11.0 40.0 19.8 7.0
X 25.9 15.0 56.0 10.0 19.0 40,1 15.6 2.8
1.2 B HE CaCl, ¥ ABADUAS [ 1) A 50 R 858 45 0 AT 1
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NaOH 55, dE 8% + YL & pH=10.5.Na"
W BER 0.3 mmol/L i JF 4 38 8L 43 1k ; 75 NaH-
CO; ABEh, JE 4 B ZE + YL R R B4 8otk s 78
Na,CO, ¥ 5, JE4r 8% + YL 7 pH=10. 13,
Na' ¥ i 2 0.1 mmol/L B} JF & & 8 4 Sk, 7E
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Table 4 Crumb test of YL in sodium alkaline media environment
B EERD e/ (mmol « L™1) Concentration
Media Indicators 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 4 5 6 7 10 20 30
pH 9.7 10.0 10.3 10.5 10.6 10.7 10.8 10.8 10.9 11.6 11.7 11.8 11.8 12.0 12.3 12.5
NaOH oy Wtk : : : :
Dis . 1 1 1 I il il Il ik 1\l I\ v 1\l Il I Il 1
spersive
pH 8.0 8.2 83 89 85 85 86 86 86 9.0 9.0 9.1 9.1 91 9.3 9.8
NaHCO: )
R i T 1 1 1 1 1 1 1 1 1 1 ‘1 ‘1 1 1
1Sper51ve
pH 9.98 10.13 10.28 10.36 10.43 10.48 10.51 10.55 10.58 10.93 10.98 11.01 11.05 11.08 11.13 11.63
Na; CO3 %Hfl‘f’* ~ N - N
.~ 1 Il I Il 1T I\l N I\ I\l ik I il Il 1 1 I
1spersive
PR HOR S R AR T . 3B b £ OB R A K A RO B K R TS SR R AR 1. T £ R ROR

IS e A it o S T BRI 7 A A R A MR T DL SRR B s T 20 B v A R ol ] R R T A ] A s S R R R MR

10 mm 2247 V. o iovk £ 7 5 OV BRI

Note:; Judging standard of crumb test; | . Non-dispersive clay,th

sion in water. The water is clear,or a little cloudy but it will be clear soon;

IR AR . TR

ere’s no reaction, with soil disintegrating, and no colloidal partical suspen-

. Transitional clay,light reaction with soil disintegra-

ting, there’s visible colloidal partical near the surface of the soil; [l . Dispersive clay, moderate reaction, with evident cloudy colloidal

partical surrounded the soil,nearly 10 mm diffusion in the

bottom; IV. High dispersive clay, critical reaction, with volumes of colloidal

partical turning up in the whole bottom. The following tables are the same.

x5 ESHEFLE YLAERS Na" WHEENRFEDHERIKE
Table 5 Crumb test of YL in non-sodium alkaline media environment
PN EEYT e B /(mmol » L~1) Concentration
Media Indicators 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 4 5 6 7 10 20 30
pH 9.7 10.0 10.3 10.5 10.6 10.7 10.8 10.8 10.9 11.6 11.7 11.8 11.8 12.0 12.3 12.5
KOH ,
i ro1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ispersive
pH 8.0 82 83 89 85 85 86 86 86 9.0 9.0 9.1 91 91 9.3 9.8
KHCO: .y
B ro1 1 1 1 1 1 1 1 1 1 1 1 ‘1 1 1
ispersive
pH 9.98 10.13 10.28 10.36 10.43 10.48 10.51 10.55 10.58 10.93 10.98 11.01 11.05 11.08 11.13 11.63
K, CO:
Lo i ro1 1 1 1 1 1 1 1 1 1 1 1 ‘1 ‘1 1
ispersive
30 1 X R B B A5 R M R B . (D) & pH R Bwh, OH g &5 a HT i, Bl OH™ +
iE Y Na© [ AF 7 R e dE 26 o mny B2 IH &, H =—=H., O, i 135 f5 %% , i & Fh + POkL 19 A 5%

AR, pH G RE ar BOPE R R e 2 2R B
1 OH™ 5% £ R HoR A5 A il H B9 BB » %
R B R AR AR R UK 2 T I A AR AR AT B

QSMHQQM)+H+éﬁi%mﬂ 5% 0 o bE

RT3 R . A LI PR IE R A BB 1O Nao L 3R
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Table 5 Crumb test of YL in neuter media environment
AR kR e BE /(mmol « L7 1) Concentration
Media Indicators 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 4 5 6 7 10 20 30
Nacl A ro1 1 1 1 1 1 1 1 1 1 1 1 ‘1 ‘1 1
i1spersive
Noso, I (A SRS A SRR RS SN NS SRS SRS SN SN NS SRR SR SR
ispersive
/ )
keo R (A S K SR RS SN S SN SRS SRS S S SRR SR S
Ispersive
/4 )
K.so, K ro1 1 1 1 1 1 1 1 1 1 1 1 ‘1 ‘1 1
Ispersive
YA/
cact, PR [HE S R SRR NS SN S SN SRS SRS S A SRR SR S
ispersive
xR7T SHEFLE TXERENRAEDHOBERIKE
Table 7 Crumb test of TX in neutral media environment
i e br e/ (mmol « L=1) Concentration
Media Indicators 1 2 3 4 5 6 10 20 30 40 50 60 80 100
NaCl 3P Dispersive I\ I 1T il Il 1 I 1 I 1 I 1 I 1
A IR e e/ (mmol « L= 1) Concentration
Media Indicators 0.001 0.01 0.1 1 4 6 8 10 20 40 60 80 100

CaCl, 430 Dispersive I\ 1 m I

(2 H A 5 B 5 T LA A0 4 B0 - 1 4 b
i+ L5 O BF S ok 4 B0 4 30 A 20 SR U6 A4 B
TR . PR 2 R K A ROM TR B X
AT P FL P 5 0 5 T 5 VA o e A I 3
B F Al A B A KB Ca®' 19V W5 36
FAH AR R T T A BN+
2K* =%k +5 +2Na™, BB £ + Ca®t =% +
Ca’" +2Na, BIVAWT M9 K' 8 Ca™" B8 T 8+
UKL 110 Na® L /N T 0080 (1 15 25 6845 % )
ANNTTIRES T+ 0 43 b

A K A A S R R L IBE 45 7 K PR
B BB ek R R - IR R 7k R B 0 5 AR
TR AR RS S5 R0 — A T A B
Ve AT & R D B A —
SRR OS2I EL T SE e B o RS s O I 45
Wy 9 7R FELAS S22 LT 350 B A 4 300 T @7 pHL 1
B A TRERES . AR b RE 0 52 I A BRI O L
A M EE £ YL 9B A B T Ao £ TX A
T B2 I A7 AN 2 v B b A M I S EA
MERE YL 55 TX 8 4304k s P 1 1 22 5 7 0
TX A& G F b, AR, Na ™ S
O FLEAT 0 O (1 P B L DA R B B 4 SR ] O
A 7 SR B S 0 Na R LR I e 2
SIS 9 43 OME 5 T 7E TP PR S R L BB T T
DA A 43 M - 0 438

2
11 1 1 11111
2.2 AEAEARZBEMFHISBENBRIAR

AN R R TX 4 oo i Lt 56
POl g 45 R 0% 8, 3R 8 W LIFE M, 78 5 fL il 5
TR B RN 0~2.0 g/kg I 2otk TX £45%
BN EE A KB ER T 2.5 g/ke B IR BA
HAR T WP s AR B P A KB R 0~
1.0 g/kg WF. etk TX R B 20 P+ s A1 K48
N 1.5~2.0 g/kg BRIy i PEE £ 5 42 A KB
H=2.5 g/kg i RBOGAR L.

AR SRR TX P A —E R E
AWK %R S BOPEAS B R GE L SR A KB
N 2.5 g/keg WL TX iy 20 BIUCE £ 5% 48 AR 0 Brk
T EEREFBALKMIMAT KR Ca®' A
T AR R R L FEAR T Na© b i ke
ol 350 T ok 22 (e S | s ATREA R T 9 23
o WA B A IRAE N CaCO,y A — 7 B L 45
VERD AT F 48 w8 - BT 20 BUPERE

A R T 22 B R ARG B A R R A L H
I 2 o e b R aR L (A A e R S A
E N RS N LR e S A B K KA B ]
KIB AR, T EAKBE 2.5 g/ke IR 77
AUPE £ AR B 3 B PR L 25 R TR S e P I
FEAG 45 B X LA A2 T AR L2 50 1 S5 o ) i 2 7 1L
TR T b S B fE il 19 2R A KB R L 10~15 g/kg
MH.
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Table 8 Results of pinhole test and crumb test of TX soil samples added different amount lime
L% Pinhole test EHGR E Crumb test
AT o
BR/  EH/kPa 54 P , - B A& s
kg ) kb R L mm KW HIELR AL s 2
° . Hole Clour Result . Result
pressure Time . description
diameter
, A YUK figg 5 AR PR R A BEAR KR
b I A ot JA
0 0. 05 5 3 EZF‘(LP‘ }}ﬁﬁr{ti Soil disintegrated and diffused quickly in J}ﬁ&ﬁi
Turbid Dispersive the bottom Dispersive
; A YUK fig 5 AR P R A B AR KR
3 I\ ) SN
0.5 0. 05 5 2~2.5 FH&“. J}ﬁﬁﬁi Soil disintegrated and diffused quickly in J}ﬁ&ﬁi
Turbid Dispersive the bottom Dispersive
; A YUK figg 5 AR P R A BAR K
; paeiy SN A
1.0 0.05 5 1.2~1.5 FH&“. }?ﬁk #,{ Soil disintegrated and diffused quickly in J.}ﬁ& T’#“k
Turbid Dispersive the bottom Dispersive
; A HeoK i S5 D A R R -~
v paeiy o I |
1.5 0. 05 5 1~1.2 H—YEE. J}ﬁi#+ Soil disintegrated with little turbid sur- ﬁ£r¢+
Turbid Dispersive rounding Transitional
; " A HeoK i S5 0 A R R -
V& paeiy o I |
2.0 0. 05 5 1~1.2 H—@f J}Hkﬁj: Soil disintegrated with little turbid sur- ﬁ&ﬁi
Turbid Dispersive rounding Transitional
. . Bk i 5 HEFRAE R L K 6535 L .
pe ey N A )
2.5 10. 2 5 1 {‘%(ﬁk j”:ﬁ?ﬁ V#j“ Soil banked up in the bottom after disinte- ﬂ:ﬁﬁi H:j:
Clear Non-dispersive . . Non-dispersive
grating, with clear water
- " A HeoK it S5 HE B AR R 7K € T I »
g g AN AN
3.0 10. 2 5 1 {‘%(ﬁ( jlaﬁfﬂ V#i Soil banked up in the bottom after disinte- jlsﬁ!ﬂ H:j:
Clear Non-dispersive . . Non-dispersive
grating, with clear water
; " A HeoK S S5 HE B AR R 7K € T I "
s g preTy A=
5.0 10. 2 5 1 (‘%(‘ﬁfl jEﬁFﬂ ﬁi Soil banked up in the bottom after disinte- jl;ﬁ}ﬂ lﬁj“
Clear Non-dispersive . . Non-dispersive
grating, with clear water
7 3 F S e vy "
i esbmcier DRVKBORBUEIRIGE KGR e
6.0 10. 2 5 1 . . . Soil banked up in the bottom after disinte . .
Clear Non-dispersive . . Non-dispersive
grating, with clear water
Q:I: . 21(3):21-25.
3 =H e Wang G P. Clay mineral and dispersive clay []J]. Journal of

DA BiEr g b, & pH B FE 24 /9 Na ™ [6] i 77
RS R A EERER, ZH— A0, &
W R PR 7 (% Na™ ), 85 pH (A 4 Joi 25 55
RN = 1 SO D 0 1 - Tl el (=
T 0 H PR A 5 IR B RE I 0 L ik L B
8 5 R R B

DA E W B B R AR G5
A SR A S RE DR RAR, FERRT +
TRy Bk & B Na™ &M pH fH.

K R AR, KB R 2.5 g/keg
X A BOPE S  TX BB W3 Ve . H7E
SEhR TR, EH EHWUE A KB R 10~15 g/kg
HH.

(5% xk]
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