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cut-off agent is prepared by mixing e.g. colloidal silica, inorganic salt, and a water-soluble

urethane polymer.
However, the strength of these agents has shown to be insufficient in several
applications, particularly where the agent during injection and gelling is exposed to a high

25 water pressure. Especially unstable agents have during the ageing phase resulted in a
fairly low long term strength. Sealing agents have also been used for sealing sail to
prevent leakage of contaminants in subterranean areas like buried sources, waste dumps
etc. US 5,836,390 describes a method of forming subsurface barriers where a viscous
liguid comprising e.g. polybutenes, polysiloxanes, and colloidal silica is injected.

30 It is desirable to provide an environmentally adapted liquid cut-off agent having a
high long term strength, especially in the field of sealing rock, where the cut-off agents
may be subjected to high water pressure from groundwater. It is also desirable to provide
durable products which resist washout forces and having a low permeability, i.e.
impermeable to water and other liquids.

35 It is an object of the present invention to provide such products solving the

drawbacks of the prior art referred to above.
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composition according to the present invention has a low permeability, which indicates
20 good sealing characteristics.

The “S-value” characterises the extent of aggregation of the silica particles in the
silica sol, i.e. the degree of aggregate or microgel formation. The S-value of the silica sol
has been measured and calculated according to the formulas given in ller, R.K. & Dalton,
R.L. in J. Phys. Chem. 60(1956), 955-957.

25 The S-value is dependent on the silica content, the viscosity, and the density of
the silica sol. A high S-value indicates a low microgel content. The S-value represents the

amount of SiO» in percent by weight present in the disperse phase of the silica sol. The

degree of microgel can be controlled during the production process of silica sols as
further described in e.g. US 5368833.

30 According to one preferred embodiment of the invention, the S-value is higher
than about 73%, preferably higher than about 74%, even more preferably higher than
about 75%. Preferably, the S-value is lower than about 90%, and most preferably lower
than about 85%.

The silica sol comprises silica particles suitably having an average particle diameter

35 ranging from about 3 to about 150 nm, preferably from about 12 to about 50 nm, and most
preferably from about 12 to about 40 nm. Suitably, the silica particles have a specific

surface area of from about 20 fo about 900, preferably from about 40 to about 230, and
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60
1

sols. Boron-modified silica sols are described in e.g. US 2,630,410. Aluminium modified
silica sols, sometimes also referred to as aluminate modified silica sols, can be prepared
25 by adding an appropriate amount of aluminate ions, Al(OH)4, to a conventional non-
modified silica sol under agitation and heating. Suitably, a diluted sodium or potassium
aluminate solution corresponding to an aluminium modification of from about 0.05 to
about 2, preferably from about 0.1 to about 2 Al atoms/nm? surface area of the silica
particle is used. The aluminium-modified silica particles comprise inserted or exchanged
30 aluminate ions, creating aluminosilicate sites having a fixed negative surface charge. The
pH of the aluminium-modified silica sol can be adjusted, preferably by means of an ion
exchange resin, suitably to a pH ranging from about 3 to about 11, preferably from about
4 to about 10. The aluminium modified silica particles suitably have an Al,O3 content of
from about 0.05 to about 3 wt%, preferably from about 0.1 to about 2 wt%. The procedure
35 of preparing an aluminium modified silica sol is further described e.g. in “The Chemistry of
Silica”, by ller, K. Ralph, pages 407-409, John Wiley & Sons (1979) and in US & 368 833.
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di lution of a6dig 120, preferably from about 2 to about 60, more preferably from about 5 to about 40,
and most preferably from about 5 to about 20 minutes in rock sealing. In soil sealing, the
25 gel time usually ranges from about 5 minutes to about 24 hours, preferably from about 10
minutes to about 6 hours, and most preferably from about 15 minutes to about 3 hours.
The ingredients may be mixed at ambient temperature. The gelling agent is
suitably added to the silica sol in an aqueous solution in a concentration from about 1 to
about 30 wt%, preferably from about 2 to about 15 wt%. The silica sol, to which the
30 gelling agent suitably is added, suitably has a silica content of from about 1 o about 70,
preferably from about 20 to about 60, and most preferably from about 35 to about 50
wt%. A high silica content in the silica sol may in many instances be favourable due to
reduced transportation costs of silica sol.
The silica content in the sealing composition suitably is from about 1 to about 60,
35 preferably from about 15 to about 50, and most preferably from about 30 to about 45
wt%. A high silica content minimises shrinkage and maximises long term strength. The

weight ratio of silica to gelling agent depends on the application and may vary depending
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25 The sealing composition may also be inserted to a leaking part or cavity by
means of other methods such as jet grouting, in which at least a part of the material
constituting the leaking part or cavity is removed to add the sealing composition and then
reset to the same point from which it was earlier removed with the sealing composition
incorporated therein. This method is preferably adapted to be used in the sealing of soil.

30 According to one preferred embodiment, the silica sol and the gelling agent are
mixed immediately before injection. In this context, the wording “immediate” means from
about 0 to about 30 seconds, preferably from about 0 to about 15 seconds. This way of
mixing the ingredients of a composition is often referred to as in-line mixing.

According to one preferred embodiment, the sealing composition may also be

35 prepared in a batch process in advance and used suitably within 60 minutes, and
preferably within 30 minutes before insertion of the composition. This way of preparing

the sealing composition, however, necessitates a sufficiently stable sealing composition
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il in such quanti at no further, gelli a n 0
forma sealqohlgeec\dﬁ%_dg? t9aknto peicaled; ﬁ'og‘f‘?ge'bp[g‘f’ éﬁ%ﬁ%d & edipgr;eeslr%ﬁ?i t (ﬁ)}Q/eE ﬁ'e %
i nventiof, soh&lfyHehbfdhl$6H ddpthsTrimabo@Ioys ioglent 6tintstres, frefakibhgfrpraraboot
cavity. The nethod can generally i rrBart cutti 6‘3 .Off of any | i %lug 5BI of
e.g. water miriabeidSumetss. (teoRiSCtionPresRire SHipRY; D Femeeleuli P %m method i s
pri In_ci pal | %@%?a‘bﬁ)ﬁﬂorh%bewz fdoolit 25&f water and aqueous sol utions. 25 The
sealing co

osition may al so be jnserted to a | gakin art ., or Vit
means of ot her meteo@82lNgec FOMROFHRN d§ RItCHRE!Y iarﬁjeaﬁﬁdcﬂ) E\D[m\f'%easqa%zér%a%t mc/ﬁ
the material psGaRstihbt HidvBRirgBatRRKIf MhtBaThe Gealr@Véftryck mvoleaminedrtibo cddhe t he
seal i ng conposition and then reset to the same point from whi htgt |
ear | i er 10 enspalicn wortposien SBIRI Pisly & GRWDSISEFbPS AnBBTRBR%Y e%SPFﬁ'Sﬁ%i n.C&?ﬁ?’s
method is prefaiailyicadRRt 89, iPthRelSBY totethemseadrack) inbsumtly meaB0a cavity
According t0 one preferred enbodi nent, the sili cjra s%{. and .t%e.rg I Ii.ln gent
are mixed havingch dieeejeripesitean 20 se AsiNe Fiamelsr oF g licy parte 8‘m§\%ﬁ'h°§ s
"1 mmedi at e” iigﬁ)ﬁpgb&gg@ L?ﬁglmgﬁmgo tg&,%@_&ﬁﬁg SnFRARAE Tontaihdigesurhl silicar garticibo ut

0 to about seconds. ay of  mxing the ingredients of a conposition
i s often redreraf ecurse saitablerfor Inigstian JatnEicragaeiSdi ng to one preferred

enbodi mgpt , the sgal in&gntﬁiﬁm&ﬁ%} :tl';1 I dé@%‘)ﬁbﬁéi,si@ vRE be BbvRUE RR4tEHe | Jante hedyChe

process in advance and used sultably wthin 60 m nutes, and r]g:f erﬁbl}/
Wi thin 30 nvarietes msef ovaysi Sy \tarighonsrare st Kobrrgrtded s ?Ps’“\wg%/ ryp the gist
preparing I irlvtbn, BAWENISIuchNR6ERGHb &S wadukubé iobiiens ity
stabl e seal %ﬂﬂg%%%pé@."gﬁ?fbgér?%&% 03/ 033618 PCT/ SE02/ 01723 6 Eﬂ?% can be_
stored wit hout skildssinathei ait ageintensgdunthe inchidedoviin ther SGORE 111D 72 Fhe ' M©
injection [ ne of || ifh S QTR SHt RN teSdsséribab Inveftiopnnay b tpetfonmadit e
to about 1 o&é@lp?ﬁ%&élﬁ%g@y lm?}eom about 5 mnutes to about 30 m nutes. The
injecti @8 / piet limttingthelegsrr ofdri es of course with the |eak to be seal ed.
However, the nmethod of the present invention is 5 particularly beneficial
for depths fromabout 0.5 to about 50 netres, preferably from about
Example 1

Sealing compositions were prepared from a salt solution of 1.7 M sodium
chloride which was added under agitation to 200 g of different silica sol products as
295 defined in the tables below. The amount of salt solution added was 40 g solution in all
compositions. The compositions were aged up to 672 hours to evaluate the long term
shear strength. In table 1, one set of the compositions was exposed to an increased
temperature of 55 °C and another set was exposed to a pH of 12 to accelerate the ageing
of the sealing composition. The calculation of the particle diameter of the silica particles
30 was made by Sear’s method for calculating the specific surface area. The shear strength
test was performed with the fall cone test according to the Swedish Standard SS 02 71

25.
Also the compressive strength was determined for the sealing compositions.
This was made by compression tests in which a load-frame, a pressure-head with the
35 same diameter as the sample, a load cell with a plane surface where the sample is
placed between the load-cell and the pressure-head, a displacement transducer, a

battery powered data-logger, a signal processing software were used. The load frame



5 to about 30 netres. The injection pressure suitably is fromabout | to
about 50 bar, preferably fromabout 2 to about 25 bar. The sealing
conposi tiwo 3318 nci pal | y adapted to provide barriers i nPCASEosubsurf ace
for preventing | eakage of water. The sealing of rock involves insertion of
the 10 sealing conposition into e.g. a cdvity such as a m crocrack,

especi al | ykfcmcmerpoéssgraah&uﬂ/mmelleakﬂigd ,directipn. Frhelfnameeb of sdye type dscusad
ps the.d am DR Ehess BF AL Bef PRl R & EBhEp =W hebARANB T o

t o about 10@Jadsnthesleau-|hagd mhpmarlyltmmsm(asma(daamye@hﬁmm bresaurpetretadcdoesnstsar e
of course s f or i Nt.o M. Crocr 5 The inpven i ng
Chus descr; Benon el pyirdePEi BOu bR, 2FE Radbsh hon 2 RoatV o 300 eiry®
ways. Suéh icadicatl |fom$ araneosurface b&he esgamptéexs sais:awddmiweemmm fcadmeﬂlhzmdgifmt
and scope of the e inventio nd, all such i,C woul d Dbe
DA s o L e e AR R
scope of thnfamﬂdaxcershasmetrolfa)d:dpamtmgf & xamplteservarl df trﬁeJad:tbelrtrarisHu&trrveetsetebtew
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1.7 M sodi uvnbrathbh@randedemmdmomsiuanigjéldldundmmoagl Tat iloggetr an@@itdrg cohtinuously

amount 0P <aEnBdrs Ol EbareRlen 3 Tels bl A EiRIBE PP AL FeRg

conposi ti ondayser‘renea:geuldtqghridmrﬁzaehms 50tmrrednah1e$éraartd125 InernghdighitmThe haeauld
strength. In, table h 0s osed to a
Thereased  DuhBgE e %8FoRE i dnd MinatHRTE bR e BAE B ot R Vas s ¢ o
accel erate pheedgpittnthe ofperiead e cyndaspAlssdrhples wﬁmcmh ¢r|ulze‘t Comatef bathe

Cal cul at i ngat e BpBibf e Rty Sea0R, whee et b wERr cagb oriag (Redples”’

per f or ned wivtle delpardted from@herrbelsitcyamms;.dl ng to the Swedish St andard SS 02
71 25. Also the conpressive strength was determ ned for the sealing
conpositions. This was nmade by conpression tests in which a |oad-frane, a
pressure-head with the 35 sane dianeter as the.sanple, a load cell wth a
pl ane surface where the sanple is plac bt?e ween the | oad-cell and the
pressure-head, a displacenent transduc battery powered data-|ogger, a

si gnal processi ng software were used. The |oad frame WO 03/ 033618
PCT/ SE02/ 0 6’7’3 -
omposntlons Particle |S- Surface area Shear strength | Shear strength

made with the |diameter |value |on product (kPa), 55 °C, (kPa), 20°C, pH
following sols: |(nm) base (m%g) pH 10,672h |12, 672h
Sol 1 17 77 68 326 -
Sol 2 12 76 88 640 475
Sol 3 11 70 100 218 -
Sol 4 7 70 108 250 70
Sol 5 5 45 75 48 39

20

In table 1, it can be seen that the sealing compositions made from silica sols

having an S-value according to the invention results in a higher gel strength after 672
hours than the composition prepared from the comparative silica sols 3-5, both at
ambient température and at a pH of 12 (which accelerates the ageing of the products)

25 and at a pH of 10 and a temperature of 55 °C (which also results in a faster ageing

process).

30



forces the pressure-head to nove in vertical direction. The frane is of
sane type as used in nmachine shops for controlled vertical drilling. The
| oad i s cwntisobieesl by wei ghts, which |oads the | oad-headP@irtSEozo17any
transm ssion (dead weight). The pressure-head consists of a rigid steel
cylinder with 50 nmdiameter. The |oad-ceBl has a capacity for 300 kg. The
5 load-cell fornms a plane surface. The BabipRe is situated between the

| oad-cell and the pressure-head. The accuracy for the load-cell is within
0.1 kg. The displacenent transducer has a stroke capacity of 5 mm The
error of t Mpddi@nst r anvdrichy WdS-ahst e8urfioe drhe ohact pegmpiesaibik sbeagih The
dat a- | oggelmua&ehomake t he dizgsdter | § devel opeduttdaseiiint/gy | (kPejimakiaads and
def or mat i ofyslislAd BAsT | el|ghrapndi tijons. The | ogger nonitprs continuously 10
during the[ggst. The conpressi @s|testoopere perfornedopnly for sanpl e48
cured duri [@p48  days. [he noulg-[cyli nders size was 68| nm di anet er an80p5
mm hei ght . gt moutd— cyrindersjowere gesitioned in agept wth a plane4s
bottom Thesgeatimg compositionwas el poured up1po|the upper end of|the
cylinders. [&gfjiz—sanptes vere curgd in 28[C water bathysat pH 10. Only the
Cross sect refs—where—exposedto ter—Before testing, The sanples 15 were
separated fromthe noul d-cylinders. Table 1 Conpositions Particle S-
Surface area Shean tableehdtdandiresgensthaiihgtsealingnerRmpasitions mESRAreGEPBIthG SiliGR on

product fkP 'S i ' jon(j r COfRpERSSINE]
10, 672 % 1%),3 %’ggﬁgss,ol(’%'ﬁ%” ?g&’géar%?é” '{hqg%%\gééi&gt ?’gé@{?né@ A7 S0 811 70,
100, 218 Soétrengtiriban (8 Sting comgesitprs masieriom thesepmpenative SliggIselse and Scan be
seen that the sealing conpositions made fromsilica sots having an S-val ue
according to the invention results in a higher gel strength after 672

hours than the conposition prepared fromthe conparative silica sots 3-5,
both at anbient tenperature and at a pH of 12 (which accel erates the
agei ng of the products) 25 and at a pH of 10 and a tenperature of 55 C
(which also results in a faster ageing process). 30 WD 03/033618

PCT/ SE02/ 01723




8 Table 2 Conpositions Particle S-value Surface area on Conpressive
strength nade fromthe dianeter product base (n2/g) (kPa)/nmax | oad

f ol | owi ngweaB®33efsm) Sol6 35 90 40 48 Soll 17 77 68 50 BETITBENR01783 88 45
Sol3 11 70 100, 11 So0l5 5 45 75 11 In table 2, it can be seen that the
seal i ng conpositions prepared fromthe sifica 5 sols with an S-value in
accordance with the present invention inpart higher conpressive strength
than the sealing conpositions nade fro Ehe conparative silica sols 3 and
5. WD 03/033618 PCT/ SE02/ 01723 9 C ai %:ﬂf—? Use of a sealing conposition
for sealing rockior Bed bf aweeliej corspiditiotielal segingaooipos sbil, avharsin claidasesdibg e
by mxing a silica so

| . havi an. S-val ue higher th bout , 72% 5, an
"Cast one. gRITPIRIABRPETELIRY RisiReroFietd TUne e Sva e o itan 2 LG 2
| eaki ng par andat leastidng delling agedtt i ng a  seal i ng conposition, said sealing
conposi tion bei ng obtai %%? by mixing a silica,sqgl hayin n.S-.val ue
hi gher than aboug' 72‘»?%& CP%’Q%to)ﬁﬁgq%ﬁW Hbazﬁfgﬁ'ﬂg p?’%f)Bgﬁﬁé qyégﬁﬁrﬁrbg a
part I or CaV$ée¥]ing 1édbnboshibhhedld fsealiny epaposigpnabsiaq| dbtenatderbysiixingna beflicai sdl ng
a silica so avi ng, a - val ye hj ha bout 72%and at, | east on
gel ling age'lﬂft“{'ngl?n %EYBE%'%QE‘?HFW ﬁé}gfqgrzﬂ%t 3’?%‘?@@#&?@?&%’”&?@6% Ilrﬁgihes%?%ﬁ%d
the gellingpagentaitye mnixed in situ in a |leaking part or cavity by
separ atql y 1 njecting tjéuje %i lica sol to said IeaEi ng moart or.. cavg]%.. 15 5.
Seal i ng '8onposi t Pon MBRA AABrEPHNSA R731G9 £ODPPRIRQD BYMUHag Avdicg poshadng,an
hi gher t hansalpiét higttisditatit T2RShden Rkagedid gedinggryent. 6. Use according to
claim1l1, nethod 2.",:ccol(/ld{ na to ﬁj ai s 2-%, geal I‘E% .I.cogglosidtt' on gccorditn to
claim5, wherein®the gthp Rrice 9P iR St WERELLBE Sllivg 60! 3nd tog eling 44T r?geto
claims 1 ormikedneshoth feaking pag of 6avalybydepatatilyibjedtidg the, silica sol to said leaking
part or cavity.
15 5. Sealing composition obtainable by mixing a silica sol having an S-value
higher than about 72% and at least one gelling agent.
6. Use according to claim 1, method according to claims 2-4, sealing
composition according to claim 5, wherein the S-value is higher than about 75%.
7. Use according to claims 1 or 6, method according to any of claims 2-4, 6,
20 sealing composition according to claims 5-6, wherein the silica sol is an aluminium
modified silica sol.
8.  Use according to any of claims 1, 6-7, method according to any of claims 2-
4, 6-7, sealing composition according to any of claims 5-7, wherein the composition has a
silica content from about 35 to about 50 wi%.
25 9. Use according to any of claims 1, 6-8, method according to any of claims 2-
4, 6-8, sealing composition according to any of claims 5-8, wherein the gelling agent is
selected from potassium chloride, sodium chloride, calcium chloride, magnesium chloride,
magnesium nitrate, magnesium sulfate or mixtures thereof.
10.  Use according to any of claims 1, 6-9, method according to any of claims 2-
30 4, 6-9, sealing composition according to any of claims 5-9, wherein the composition has a
relative standard deviation of the particle size distribution lower than about 15% by
numbers.
11.  Use according to any of claims 1, 6-10, method according to any of claims 2-
4, 6-10, sealing composition according to any of claims 5-10, wherein the composition

35 has a gelling agent content from about 0.2 to about 5 wi%.



20 sealing conposition according to clainms 5-6, wherein the silica sol is
an alumnium nodified silica sol. 8. Use according to any of clainms 1,

6- 7, nethwo oaoswigling to any of clains 2- 4, 6-7, sealingPcargEosotzon
accordl ng to any of clainms 5-7, wherein the conposition has a silica
content fromabout 35 to about 50 wt % 2509. Use according to any of claims
"1, 6-8, net hod1acccwsi; ai‘cg;otdihgam))ergfofclaanm @41 dnetbo@aceedihg rpanyorfmising i2on
according t

th |
pot assi um c%l g geal@gd?wo(’smogr?cifgr I nt%leﬁ% c(’:efh+l%)8% d%q?n‘wm%m S[ﬁ% %ﬁ%%%odr o
magnesi um né¢dnfipxises silteg pasiclesrhavhd atspecific surkdceraesa tréreraboiit 40310 abbs’reZI@cmﬁg di ng

Seal i mg_ conposi 1Fon SEASHE P ey ool i heod Grdrdlia @ n brbiaibe:  on

has a rgl a4, 6.¢2 ssealidgicdmgesitiat aocordihg ttbenpaiftdaiine 5512 evitbirgin rthbt;l:bmpnsm@v\er

than about 15% €, Aceor di n any. ..of i -10,
met hod accofdi %‘ﬂgpgp@ﬂb E)?'“‘ial %ﬁ@szm %' ai;&ﬂtftg F%L& 408%@& v accor di ng
to any of cl ai ms4.5- Ilse afda;ercmgltotdmg ottolartmsﬂ t6-03, maﬁodhaezcoadlggatd am;gofa:@ns 2-

content fro ut 2 to ahput 9% V\DOB/O 361 / SE 0 12.
Use accor dljr'?gba ?% ?n%P°@P8?'ﬁ%” gocqsding 1o 3oy i & aé'@é%r@cr‘%hetr% é%pg%g?rﬂm
2- 4, 6-11, codrhd $ijcaopeded having @eaemﬂthmghem@ewfcﬁbmmum abomjz-ﬁbarrei n
the silica sol conprises silica particles having a specific surface area
from about 40 to about 230 nR/g. 13. Use according to any of clains 1,

6- 12, nmethod according to any of clains 2- 5 4, 6-12, sealing conposition
according to any of clains 5-12, wherein the conposition has a weight
ratio of silica particles to gelling agent from about 400:1 to about 10: 1.
14. Use according to any of clains 1, 6-13, nethod according to any of
claims 2- 4, 6-13, sealing conposition according to any of clains 5-13,
wherein the conposition contains silica particles having a size wthin the
range of from about to about 12-50 nm



