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Experimental study on effects of different cations on stability of slurry
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. .1 . 1 -2 . 2 2
SUN Jin-xin , ZHONG Xiao-chun', FU Wei”, LUO Jin-hai*, DENG You-chun
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210024, China; 2. China Railway First Group Co., Ltd.,

Xi'an 710068, China)

Abstract: In view of the problem that the high-salinity stratum intrusion during construction of submarine tunnels by the slurry
shield will lead to the decrease of the stability of slurry, this study aims to investigate the effects of different salt solutions on
the stability of slurry via colloidal flocculation mechanism by adding salt solutions into slurry and testing change of the
parameters such as bleeding rate, zeta potential, characteristic particle sizes and seepage discharge of the slurry. The results
show that compared with that by adding fresh water, the slurry by adding 1% salt solution in which the quality of water is 15
times that of bentonite, the zeta potential of slurry decreases, and its characteristic particle sizes and seepage discharge increase.
The salt solution affects the stability of slurry mainly by decreasing its zeta potential, which promotes slurry particles to
flocculate and to dilute the slurry. When the mixing ratio is more than 5% and keeps to increase, if the salt solution is NaCl, the
zeta potential changes a little and then keeps steady, and the characteristic particle size d;o of the slurry continues to increase,
while dspand dgs remain basically the same. The particles of slurry coagulate, and the slurry remains stable and does not bleed.
If the salt solution is CaCl, or MgCl,, the zeta potential decreases continuously, the characteristic particle sizes d;o, dsp and dgs
remain basically unchanged, resulting in flocculation and bleeding. Ca*" and Mg®" have a greater influence on the stability of
slurry than Na'. Therefore, when using the slurry shield to excavate the subsea tunnels in different sea areas, the effects of
groundwater on the stability of slurry should be considered in accordance with the chemical type of groundwater.

Key words: slurry shield; bleeding rate of slurry; zeta potential; salty solution; flocculation; slurry seepage discharge
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1.1 RIEAHR

TRIGFT FH I o e B 1, AR (e
N BRI E AT AR JC/T 2059—2011) I
T R 48 HOREE 77 72 FLAE v K B AK PR 0
(21 mL/2 @). RETH 28 NaCl 4044, CaCl, 7
Mrati Jx MgCly 73 BT 4t 3R 50 /K R FH 55 [ 4R 5056
2 (ASTM) D1141—98 FruERCH], Sk 2E &

R 1 Pron. 38K+ NaCl FIRE KT 2%,
MgCl, IR EEZ] 0.5%, CaCl, FIIREZIN 0.1%.
#=1 REEKNULERTEE

Table 1 Chemical compositions of test seawater

LRy SRl %
NaCl 24.53 70.1
MgCl, 5.20 14.9

Na,SO,4 4.09 11.7
CaCl, 1.16 33

Ve HO AL IR O R R  ERRRRR TT 4 b
1.2 HBRENFELRZAE

W 3R o b 4 R0 SR K R 1000 mL 75 55 43 31
BLHIAR BN 1% NaCl ¥~ MgCl A CaCl, ¥
o

I L L BoRAK=1 1 15 KR E RIS
K, Ak 24 W E K & . WE 4 AR N 2000
g Mk, B0 1 h 73l M FH A IR K . WK WEE
N 1%M NaCl ¥ . MgClL AT CaCl, Y&, 6N
NPV o7 s 2R 5 2 5% 15% 5 30% 5 50%
SR 1002 BURIRAHXS E T S IRIW SR
(25°C IR K 6 4 25 $) . 100 mL 5 & . MS2000
RO R & AR S H IR I Tt
FHPE L 4 h WK Uk A A IR YB3 &
PR SEANE o 0 EER RHERIAT dios dsos dss 73

W 2.12, 553, 11.82 pm, HRECHLWIE 1w,
100
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Fig. 1 Grading curves of initial slurry
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Fig. 2 Schematic illustration of experimental apparatus
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MeClL VBB N LK T 15%0, Ve 28I F 26 Bk v
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Fig. 3 Change of funnel viscosity of slurry under intrusion of
different solutions
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Table 2 Specific gravities of slurry after adding different solutions

(g/om’)
B WK K 1%NaCl 1%MgCl, 1%CaCl,
0 1.031  1.031 1.031 1.031 1.031
5 1.029  1.029  1.030  1.026  1.026
15 1.029  1.028  1.025 1.024  1.024
30 1.025  1.028  1.022  1.023  1.024
50 1.022  1.028  1.019  1.021 1.020

2.3 HEBRRERNIREREMEI

M 4, 5 7 LAEH, RIS AR BN A
1% NaCl R B /K 15 Sk B R &1 50%,
VA RFFREE , 4 h WAZKZEN 0%, A H KR ;
1M 4 AR P B N IIRIE N 1%11) CaCly iR L B1IA
PRI TRE 15%I), 4 hbKERN 1.5%, BB
LF] 30%, VA RYERE RS E, I EEN, 4 h
WKZHRIER) 17%; 10 4R HE B NIREN 1%I1)
MgCl, A IR R 15%K, 4 h WkREIA
4.5%, HBALIER] 30%, Ve FFEARRELERfa e,
HIL E BT, 4 h WKFILF] 21.5%; 4Rk 5
NHEK I LA R TR 15%0F, 4 h KRN
0.5%, BN LIEF] 30%H, Je 2K MK ERAHN 10.5%.
2.4 HBRBRNIRE S BAIRM

¢ HAV B S R A4 R AR ELHE SR B 51 K R
el R AR e I E AR, A 6 ATLUE Y, J
WHIUE ¢ AL (BRZEXHED 29 mV, NaCl iEE AN
EboA 5%0, ¢ AL RS 23.1 mV, 248 A LA 50%,
¢ BN HERELE 23 mV £ 4 . CaCly iRk MgCl, i
BNEH 15%0F, ¢ BALEN 182 mV, HFEE AR
BN, ¢ BAAEIREIL, SBAHN 50%E, ¢
ALY EAKT 10 mV, /N T3 AR E NaCl )
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Fig. 4 Bleeding of slurry after intrusion of different solutions with
concentration of 1%
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Fig. 5 Curves of bleeding rate of slurry under intrusion of different

solutions
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Fig. 6 Curves of zeta potential of slurry under intrusion of
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Fig. 7 Curves of characteristic particle size d|o of slurry under

intrusion of different solutions
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Fig. 8 Curves of characteristic particle size ds of slurry under

intrusion of different solutions
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Fig. 9 Curves of characteristic particle size dgs of slurry under
intrusion of different solutions
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