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Temperature Effect on Gelation Time for Nano-sized Silica Sol Grout

WANG Pengcheng, LI Shuchen, ZHAO Shishen, LI Jinglong, LI Yang
(School of Qilu Transportation, Shandong University, Jinan 250000, China)

Abstract: In order to reveal the characteristics of nano-sized silica sol grout for fractured rock grouting and the temperature effect on
the gelation time for nano-sized silica sol grout, the influences of accelerator dosage and temperature on the gelation time were
investigated. The results show that the gelation time decreases exponentially with the increase of accelerator dosage and temperature.
The gelation time equation of silica sol grout with respect to the temperature effect was proposed. The real-time consistency equation
and real-time permeability equation were derived. To design the grouting parameters, the amount of nano-sized silica sol grout and
accelerator could be confirmed, and the target penetration length and formation conditions were confirmed. Finally, the grouting
pressure was adjusted and the grouting time was calculated.
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Table 1 Gelation time with different accelerator dosage

Mass ratio  CaCl, concentration/(mol'L™")  x  Average gel time/min

9:1 0.200 61.9 1231.95
9:1 0.225 55.0 545.98
9:1 0.250 49.5 264.78
9:1 0.275 45.0 76.48
9:1 0.300 413 32.88
9:1 0.325 38.0 18.57
9:1 0.350 35.4 14.10
8:1 0.200 55.0 482.60
8:1 0.225 48.9 213.77
8:1 0.250 44.0 92.58
8:1 0.275 40.0 23.10
8:1 0.300 36.7 16.38
8:1 0.325 33.9 13.62
8:1 0.350 31.4 10.42
7:1 0.200 48.1 166.38
7:1 0.225 42.8 43.60
7:1 0.250 38.5 22.15
7:1 0.275 35.0 14.05
7:1 0.300 32.1 12.15
7:1 0.325 29.6 7.18
7:1 0.350 27.5 12.88
6:1 0.200 413 39.75
6:1 0.225 36.7 14.60
6:1 0.250 33.0 11.38
6:1 0.275 30.0 10.72
6:1 0.300 27.5 9.97
6:1 0.325 25.4 13.02
6:1 0.350 23.6 20.27

x is mole ratio of SiO; to CaCl,.



2 48 5 2 W

FMRE 25 GO IR Bt I T F) 38 Wi [ < 233

B 1 AN RV R S sl ) o B A L e
ISF 1] B P9 JSE PR AP A o 1] 1 g &5 SR A U
w4, SHIES AR, RS RIE
AR RAEIE RIS IS TR ) S B B, R

IS T IR IR i s AN TR b 2 R STt I 1) A2 A R
FEARBL, et 1) B B3 ) CaCly IR EHE K5
FRRORAD . EARERNRE, MRS 71 & 61
I, e ) 2R B 2 EohEs, HAAR R,

40t
E30F
g30
Q
=
320} /v
v\ v
10} —v—
1 L Il I 1 I 1 L 1 L 1 L 1 L
200 250 300 350
Molar concentration of CaCl,/(mmol-L™")
(b) 6:1
00— T T 1T
500F
.8 4001
£ L
Q
E 3001
& 200 .
1001 \
L ..
L, T——e——e
200 250 300 350
Molar concentration of CaCl,/(mmol-L™)
(d) 8:1

1 AN - o 770 i L Il ) 22 A KL

1500—————7——T 111
1250 m
.£ 1 000f
£ L
o
£ 7501
= L
O 5001
2501
I [ T B Mo | » .
200 250 300 350
Molar concentration of CaCl,/(mmol-L™")
(a) 9:1
200 T T T T T T T T T T T T T
A
150F
R
E
£100F
©
@)
50r
L ﬁf . %4/.# .
200 250 300 35
Molar concentration of CaCl,/(mmol-L™)
(c)7:1
Fig. 1

WREEIS A1 5 S50 x NV CR WL 2, Appisg
FBE x BEK, MOEHRCEERT IR RE AN, BRI )
PG FEAT RN A -

T,=ae" +p 2)
L@, T W x FIHERNE: av B kBTG
NS, HHZ pH SR EMEM. o I 032, B
01993, kL 7.5, XQG)E ten=20 CHIE. A
HER IR J7 250 526.84, HiEMFKREC R4 0.991,
2.2 REXREEET ) iR I

TP X B I R) S (R I 45 R LR 2, 45
P M WL 30 B HURER ISR -5 I R
JE bl 8:1, I s CaCly FI¥E 4 0.25 mol/L,
Bl x=44, PTG 20 CPIYMEERT1H] 4 95.05 min, il
3 40 C T34 I 18]k 13.04 min, L =T 40 C
Ji R I [ B AT e ok 22 T 0 % 81 o i 5 T o
PR ] TR A 2 PR AP . IR0 25 SR 4 R A0 R
B T, A3 BB TR R, WaR(3).

Regular patterns of gelation time with different mass ratio of silican gel to acceterator

T, =539.31een/118) 4] 98 (3)
A, Tiem MAERORE N BB ], to AR 20
QG)E x=44 TP, B2 N, Hhik 2
W, TR IE TR R AT KT 40 'C A il
LRI J7 %0 6.64, THEMISERE R4 0.995,

1 400

R*=0.991

1200

1 000

8001
6001

Gel time/min

4001
200

0 ~
L | L | " | L | PR Y | L | L | L
20 25 30 35 40 45 50 55 60 65
Amount of substance ratio of SiO,/CaCl,
2 g TR SR IS T 5 e 0L M %

Fitting curve of the influence of accelerator dosage on

Fig. 2
gelation time



.+ 234 - (HERR Eh2 4R J Chin Ceram Soc, 2020, 48(2): 231-236 2020 4
R2ORESBOERT B IR 45 R R K, =5.67¢" =" 40,02 %)
Table 2 Gel time at different temperatures S o 5 B R YL [ TR Ut R 7] 28 3 4 2
Temperature/'C Average gel time/min . 5
15 142.19 AL N (6)e
20 95.05 T'= K xT, (©)
25 57.20 5 UAERIWFFUHIEL,  ABIFTTE R R 1] 40
z‘; ij TR RE T R R R S, IF g — 1N
. o MR E DR BN [ 20
45 1122 R (©) %0, HE I Hh x> kIn(-8/ a)
50 9.96 TE 20 CHAFEN, THEAA, HoE SE0h x>31. 1%
@ WCTREH N, BB K n N /) 100 5
[ R2=0 995 120 min. X, x RIEHTERHCY 31~45.
oF SRR T RUR B AR SR AP, o
ook SR g N ETRIN R R S U R T REDIIBUSiIEA1hi o3
ENN; RILEBIAAL R P A5 H ARG -
E L 24 FEBRRKIRSEAFERKESERKERRR
S ok Fe T B SCHUAS R RE N T & A 5, JT gk
ol : RS S A AR 5
o . Funehag %5145 H T eI IR — YE LIRS

10 15 20 25 30 35 40 45 50 55
Temperature/'C

3 R RERTRBEI 18] iU A h 2
Fig. 3 Fitting curves of the influence of temperature on gel
time

23 EEREE TR

Shen i ¢ I 4 KAk 5 JI 2 80P JI it P ) 5
TR FUUC S AR B I EE), Pedrotti £ O T Rk
VS S HA) S B I T FOUIM ARSI, 2% 18 1 ok )« ot BB
g R P45 DR ZO BRI TR PR S o I 22400 s
TN FR RS Bl I TR 7 A 5 W0 FE) 1 A PR SR 48— 2K
1321 7 QI BRE A A SOE 3k
731 23 B e I ] it il 32 PR AR A A o (HL v
AT USSR x SR PIAS e R R 4 i
R

H AN TR RE T AR R Tt I 1) 22 A o 342 AT 1]
(1, DRI [ 2 S8 x S51F N, AR
NI 18] 5 3 20 “C BRI 18] ) EEAELAR A5, o
AR@)e REUTNERAAE B IRE, HEZHHK
Rl 1) 50 3 e Mot I DG 2R A VU EE ), R
WA IR SR, PRI S P

T T

tem
e — @
T, « T tem=207TC

tem
A TNAEE ten BAEE x S0 N RRER ],

Eem tem=20"C =90.05. &%%%ﬁ Ktem ygyﬁlg;ﬂ%”ﬁ?\%&y
Ktem :T;em /Ttem tem=20T ’ JH\IJ%/E'\EQ(:;)E‘;{%EQ(S)O

B, WLE 4o SRR IRALA PR AR, g TR
WIER S BB SETTRE

jrea—))

Hy = poll+e © ] @)
ApT, 1. e +e"h

I=p [P0 L__ln(L) (8)
6y Ty 7 &+l

K g RACREERIRIKBINFL ;. 1 2BE K,
po FEREWIRIB AR IABISE s y R ENSEG T
FEMERETEAZIN 6], RS AR A B FEE B A5 (K e 1)

Ap REVER I IBEIE ;s b 2R BITEL

K4 ZORRER R AE R BT SR A
1-D fracture grouting model of nano silica sol grout

Fig. 4

TRV I W ) ot E B I P 94, = 2l (R
AFTFALA Newton HiAK. ml FHHLHH L RAZIN 1)1
ADLAE T RE N T — 20 S535K(6), AT S
WK S L 23 30 SEBIE KL A 5



2 48 5 2 W

FMRE 25 GO IR Bt I T F) 38 Wi [

° 235 -

t 1

(=)
Uy =pll+e T 2] ©)

ApT [t 1, e+

IzbJ%%iJF—;mk?ZTITJ (10)
At p=5. T 2(6) T BRI IE i 24 x
5 tem P55

X(6). RO KAV ESH x, tem MK, tem
AR I 2 A e e, R IR s R AR A I
W2 S 500 S A B mT S MR kv e 5
WSS R, DA RIERIGH, PR
AXTHEERKIE T I,
2.5 3NIEE

S SCRR18]H A H T — AR IR BB IE K
RIS R, Hob, p=1.23 mm, Ap=0.5 kPa, up=
6.8 mPa-s, kT THUE N 360s, x BUEHN 33. HF
LU EZH0 A(10), )15 BIRER IR IB B K S
MITHEEE R, W S iR, A RZBEKE N
57 m, WWHARZZBEKEY 58 m, A[&1H 4,
REIRI 4 R BB, IMRAE T R e 2K e
B SRR B 5
2.6 IELMIKITIR

P TR0 285 SR T 1 s gt T ) i sk 71045 1 119 AR Ak
SEAER o BEAG AR FE R, eI R] 2
;NS B NI T () [T IS P N 4 - /S
x>kin(-B/a) . UIERGRERABIE L, 2 x<31
R Gy T E AP NE P W = R i
FEAEZURYTVE , [FIFERILSAE Masakuni (RS 44
A3 AR IEN . AT AR N S R 2 B3
SEUREE AR, T H I T R0 45 AR AR i
B4k

m Results in reference [18]
—Calculated penetration length

Penetration length/m
U2

1 | | 1 1 1 | | 1
0 50 100 150 200 250 300 350 400 450 500
Time/s

5 SHIIBIBK A A SRIEL

Fig. 5 Validation of the real-time penetration length equation

3 £

1) BFFC T GR35 100 00 P Jig gt I i) S At
P, BRI I ) B 0 K 2 R Soib,
(i) B R 58 T[] B 25 T v R FR Ok, R L
(1 o s 1) o 3 e s 751 7 S A T Y

2) 5 tH T RE R R R I A R P e St I [
PEA, BIANSEL x G R AE NI e ]
(s, WK 20 'Cy HAREIKEE24 10~120 min
i, x AR VSR Ty 31~45, R E6 FPo g2 3 W ) |
WA e Ut st 1) B A R AR A I %, LR IA
A& R PUEAR TR AUE, st vk FRIZ, IR
B R 25 .

3) 4 TR R I R B ) S I R A
AL BIE KA. SIS T 9K bt
Bl RSB B SR I IA 9 KA I B
W E S x, FHfE HARBIE R S 2 454
5 i PR TV IR v SR e v S ]

SE R

[1] MORRIS C A. Silica sol as a nanoglue: flexible synthesis of composite
aerogels[J]. Science, 1999, 284(5414): 622-624.

[2] HENN R W, SOULE N C. Ultrafine cement in pressure grouting[M].
Reston: American Society of Civil Engineers, 2010: 15.

[3] PERSOFF P, FINSTERLE S, MORIDIS G J, et al. Injectable barriers
for waste isolation[R]. California: Office of Scientific & Technical
Information Technical Reports, 1995.

[4] BOLISETTI T, REITSMA S, BALACHANDAR R. Experimental
investigations of colloidal silica grouting in porous media[J]. J Geotech
Geoenviron Eng, 2009, 135(5): 697-700.

[5] GALLAGHER P M, CONLEE C T, ROLLINS K. Full-scale field
testing of colloidal silica grouting for mitigation of liquefaction risk[J].
J Geotech Geoenviron Eng, 2007, 133(2): 186-196

[6] CHRISTIAN Butréon, GUSTAFSON G, ASA Fransson, et al. Drip
sealing of tunnels in hard rock: a new concept for the design and
evaluation of permeation grouting[J]. Tunnel Underground Space Tech,
2010, 25(2): 114-121.

[7] FUNEHAG J, FRANSSON A. Sealing narrow fractures with a
Newtonian fluid: Model prediction for grouting verified by field
study[J]. Tunnel Underground Space Tech, 2006, 21(5): 492-498.

[8] AXELSSON M. Mechanical tests on a new non-cementitious grout,
silica sol: A laboratory study of the material characteristics[J]. Tunnel
Underground Space Tech, 2006, 21(5): 554-560.

[91 FUNEHAG J, GUSTAFSON G. Design of grouting with silica sol in
hard rock — New design criteria tested in the field, Part II[J]. Tunnel
Underground Space Tech, 2008, 23(1): 9-17.

[10] EL TANI M, STILLE H. Grout spread and injection period of silica

solution and cement mix in rock fractures[J]. Rock Mech Rock Eng,



236 - CREMR £R 2741

J Chin Ceram Soc, 2020, 48(2): 231-236

2020 4F

(1]

[12

(13

[14

2017, 50: 2365-2380.

AHEVE, FR O, A 27 VSR TR R R O o LR 19V R AR SR AT
R[], FHHAH], 2017(5): 9-11.

ZHAO HY, SHI K B. Jilin Water Resourc (in Chinese), 2017(5): 9-11.
IRV AR AT IR T A B ) 5 S R e R A AL R[], 22
T MR, 2016.

BU S M. Strength characteristics and modification theory of loess

modified by Nano silica sol [in Chinese, dissertation]. Lanzhou:

Lanzhou University, 2016.

ARV AR WO A PR Ak 9 T v V5 328 O e A U ] 5 5 R AT
FUD]. ARIMTT: H E LK, 2018.

PAN D J. Permeation law and long-term solidification stability

evaluation in loose coal with silica sol grout [[in Chinese, dissertation]].

Xuzhou: China University of Mining and Technology, 2018.

RSP IR ) 2 5 TF R B B TR AL T e SR R B (1],
TRAFPESHER, 2017, 49(2): 1-16.

XIE H P. Adv Eng Sci (in Chinese), 2017, 49(2): 1-16.

[15]

[16]

[17]

(18]

[19]

SHEN P, HANKINS N, JEFFERIS S. Seclection of colloidal silica
grouts with respect to gelling and erosion behaviour[J]. Geosciences,
2017, 7(1): 1-12.

PEDROTTI M, WONG C, MOUNTASSIR G E, et al. An analytical
model for the control of silica grout penetration in natural
groundwater systems[J]. Tunnel Underground Space Tech, 2017, 70:
105-113.

DONGJIANG P, NONG Z, CHENGHAO Z, et al. Long-term
mechanical behavior of nano silica sol grouting[J]. Nanomaterials,
2018, 8(46): 1-12.

FUNEHAG J, GUSTAFSON G. Design of grouting with silica sol in
hard rock—New methods for calculation of penetration length, Part I[J].
Tunnel Underground Space Tech, 2008, 23(1): 1-8.

TSUJI M, OKIHARA M, NAKASHIMA H, et al. Latest rock grouting
technologies under sea water in Nordic countries and Japan[R].
Osaka:6" East Asia Forum on Radwaste Management Conference,

2017.



