80 MAR 226 | Sealing conposition and its use The present invention relates
to the use of a conposition for sealing rock and soil. The invention al so
relates to a nethod for cutting off the flowof liquid in a Ieakm@&g

or cavity. The invention also relates to a method for prepari i ng
5 conposition and a seal i ng conpositioniobtai nable from said nethod.
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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 soil 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
liquid 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. 1t is aiso 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 fo above.
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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 microge! formation. The S-value of the silica sol
has been measured and calculated according o the formulas given in ller, R.K. & Dalton,
R.L. in J. Phys. Chem. 60(1958), 955-057.

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 8iOg 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 siiica 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 56 nm, and most
preferably from about 12 to about 40 nm. Suitably, the silica parficles have a specific
surface area of from about 20 to about 800, preferably from about 40 to about 230, and
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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), to a conventional non-
medified silica sol under agitation and heating. Suitably, a diluted sodium or potassium
aluminate solution corresponding to an aluminium modification of from about 0.05 fo
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 particies 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 medified silica particles suitably have an Al,O; content of
from about 0.05 to about 3 wi%, preferably from about 0.1 to about 2 wi%. 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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and most preferably from about & to about 20 minutes in rock sealing. In scil 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 sifica sol in an aqueous solution in a conceniration from about 1 to
about. 30 wi%, preferably from about 2 to about 15 wi%. The silica sol, to which the

30 gelling agent suitably is added, suitably has a sllica content of from about 1 to about 70,
preferably from about 20 to about 60, and most preferably from about 35 to about 50
wi%. A high silica content in the silica sol may in many instances be favourable due fo
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
wi%. A high silica content minimises shrinkage and maximises long term sirength. The
weight ratio of silica to gelling agent depends on the application and may vary depending
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organic solutions efc, but the method is principally adapted to cut off flow of water and
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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 grouling, 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 compaosition. This way of preparing
the sealing composition, however, necessitates a sufficiently stable sealing composition
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cavity. T[T?écﬁ%tbﬁ(ﬂomgé{‘ﬂtﬁa rbaqsap@aq gr‘?%’é'lgtu 'thj rﬁg&g’ﬁf&fg?&ﬁb% H-!ha8r|ﬂg@t1|‘ro}now of
e.g. wat %Fneao?ﬂweaéééﬂ@glaomﬁésﬂdm@smab@rmn|a«bosto1 mtnutmis} aboot 1 bgtﬂ’ PFﬁefﬁﬁWhod i s
principally adapted to cut off ter .an t 5 The
seal i ng é"@ﬁ‘p@%‘?‘-th%ﬁ“'?#ﬁ?s A §B°L5e§d ngé‘ﬁ?%%eoméeqhg% eq{é%%g‘?r% %gbfﬁcg@[& 0f2
means of .ot heryiEetiotaksHcle asalbet H@rv@vérl tigs meﬂmﬂwﬁth%brels%@ist"‘@“t@é‘fts of
the material constitutin thelea rt.or d the
seal i g cerisasry poreTIRIIY AR FBEERO B0 RTE 2LaHE D SE e FregsE i o o e
earlier eQOyRe: %trﬂetPé%eT‘ﬁ@%eét@nQﬁame tstiiterbly |fmﬁ:urnpmoat ddotabotib b9 barm s
met hod i s preferably adapt egw{;(éét%}%used in the sealing of soil. 30

Accor di ngraferabidrash bt 2da @ the silica sol and the gelling agent
are mxed i megdiat&ling b@j‘n%d%ntbﬁj %Cblrlﬁdﬂpallyn atibptsd C‘kompe:wide thyiemwridi thg

"i mredi ate" neans from about eco r, gbout
0 to abosgtbssfage defRigventing ieﬁkié?e 8 Wajfoﬁ ;j. '?f’gs? 'Eg i dgd]q‘écﬁ\fe% fﬂ?érgorigﬁgﬂom tion
|'s ofyen SLaf n?r E&ﬁpéé?n@ﬁ iftd-d.g.nQ BAvityNguchAeE 08 dmmgactahkplmpamla]hertw expnirol
enbodi ment, tThe sealing conposition na% al sp rorlle' Btgcgﬁg:h
process |Qipl&1dwaiﬂ5ée?é6ﬁ@e:®@dnéﬁnﬁ%l%y {8 rg:@rqﬂa}?t BreT Fa
Wi thin 3Q ‘éto?ém?éi Ru&r ihas St Mohe dienéslenBrane ts:li@nparﬁdﬂes irvihy sbita sol
prepari ng e seal 1 ng conposition, however, necessitates @Sahcffl Ccl ?nt |y

st abl e swfromgakmuh‘p@stm wbout 0ONTVAFeating EOMpREItioRs FPRRINEE GU8
subst anti al ]gceolul,gg ltggiglf& J-uggudﬁq %lcgg‘crédp(gert | on The injection t| me of
t he seal |aﬁ%° ‘Q‘} ﬁé

from about m nute to about rheur,

prefetmbly fr G"fmealbwttloﬁ bﬁﬂ@uﬂ'ﬂs %Cmﬁ%t"f o ke ﬁﬁ‘f‘@%s thet dh¢ SPEE: B¥
/penet rat | on gaterﬁg I‘Sb\?(lggé 25160 (arRHE Sfe WoiltB HeBghr@ak at @ depaRer@l fRsin tHdoymever,

the nmet hdgd" esent 1 nvention 1s 5 particularly benefici aé for dept hs
from abouithsche of ﬂhmpltes@ﬂ ieanties, anst el éﬂafbmpdl‘ﬁcéﬁ'ﬁrﬁb%‘t"omé h&08¥atR 130

metres. The f%J(ﬁ}Lﬁ]ECh oiﬁ‘? o %%%Q%ﬂdéd@& gl Mclhéecf M%&h@%oée P tab eiim&OTHEA |

preferabl out 25 bar. The sealing conp05|é|on IS

pri nci palfbijowidnptamiples wit fwthaelllbﬁratﬁs apy ’ihﬁ deseribed jpantiPa ceaY B PEABTRGH | ng

| eakage of.. wa !erm g% S%S@i rock involves insertion of the 10 sealing
conpo t.‘%ﬁ‘ Hhtd av such as am crocrack especially to control

groundwat er | eakage e.g, in tunnel s. By the term"mcrocrack' is usually
meant a cavi ty Examole 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
25  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 fransducer, a
battery powered data-logger, a signal processing software were used. The load frame



having a dianeter |lower than 20 ~Lm As the dianeter of the silica
particles in the silica sol is fromabout 10 to about 100 nm sealing
conpositions containing such silica particles are of course s@ifit bk eftor
injection into mcrocracks. 15 The invention being thus described, it wll
be obvious that the same may be varied7in many ways. Such variations are

not to befdi'c&@&hdﬂfbsé@'e&iéﬂﬁﬂ@h{ohté% ﬁér@éﬁifdhéctﬁinsq‘he ﬁ'ﬁﬁ'ﬁ%%fﬁé hideeaPn&zent
i nventi on, al |, suc r't:cggr@hecfatl ons, as wou vious to one skilled

in the arl '5? ine ehapadn H%"F* éjdm'\ﬂﬁtﬁhﬁ’llqaﬁés §€'@Jtﬁ%!’96fbyt‘ﬁé'9613aw’ﬂ#>h The
f ol | owi nglogdaine! lesd-nedd wﬁlhtfdt l@ﬁy tmhérﬁﬁérbat(@eetbowbnbhﬁ ﬂfesp%sélﬁ’é Heaﬁ%hb% may

be perfor pe of It. Seal 1 ng

conposi ti %'er'f‘sngki P@V\L?yé'ﬁ‘gﬁ*réﬁﬂ‘f ﬁ%mdlgiapiersmq&pa@ﬁe!bhaqa tzamcstwdmﬁﬁo kaTdslﬂ de
whi ch pasicagldar faded prabtathkes He é’é)eri% i9fidhih Etre%%erﬁtﬂe' SEREL ag{ggﬁ’]‘é‘:t S

as 25 defined in the tabl es bel ow. The amount of sol-utron a
40 g sol RESWre-head.| Toengrssiacy oiRE . fherHea@-@ﬁ!bdeIﬂwmsO heka: 3he displacemem2

hours to eMabYErdak @est}dkeg:abé‘él@‘of%ﬁ{ g‘gére?fbgtohthel éhtﬁé?@gﬁg%mfigﬁg LieQf the

conpositions was exposed to an’increas erature o anot her

set was eXpbsdactry ’fa TBRK 84" oTheodafedeaasr ased fqvéhag@tmg deyfelaried togabhitay
conposi t i\graticHieas@ldetdrphilica 9unr¥ghﬁe{@ o?wl:lﬁ:bﬁs o ntltBF's Eb#}t}rﬁ!@usl

particles 30 was made by Sear's rmethod for cal cul at’l ng t e specific 20r f ace
ar ea. 19 heluging dhe toek dhgraempressioniasts pvare eerednsd enly farsampias eiee dugeg 28
accor di ngic, 116 rRURLLARcSANE2 sbs S Oin TamdBr oo mr@wr?ﬁélng&i%
strength was determ ned for the sealing conpositions. hi's” was

conpr essiYHNGeES Werg prsiiianed ima pehwill 2 plase hetipre Iba sealingngrwioshion WGBSS@EB ane
di anet er sSR! ’p?é)se”, r r |l e
is placed 'lﬂ)égp%een ”&@pletgearlaoo(é:‘gpf%bﬁné!@!— %]fhﬂasam sur eé%e%uggfgm%@s(gl‘%ég%n%%ﬁp

t r ansducétt pHa10.anly @?%/Glﬁﬁﬁéﬁ@@nadﬂ‘@fﬂ% @g@@ed ta vedten Befque deslingi thy sohpkar e
wer e @e%ergggpér%gﬁforn@ﬂ% 4806 7 forces the pressure-head to nove
in vertical direction I's of same type as used in machine shops
for controlled vertical dri I I | ng. The load is controlled by weights, which
| oads the | oad-head w thout any transm ssion (dead wei ght). The
pressure-head consists of arigid steel cylinder with 50 nmdianeter. The
| oad-cel | has a capacity for 300 kg. T#hle 5 | oad-cell forns a plane surface.
The sanple 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 st{Csrpogtipati (Farti¢les THwriece areaof ftSheansitargth t|Shesdsicargtals
t est ed |made with the|diameter |value {on product (kPa), 55 °C, (kPa), 20°C, pH

following sols: |(nm) base (m%/g) pH10,672h |12, 672h

Sol 1 17 77 68 326 -

Sol 2 12 76 88 640 475

Sol 3 11 70 100 218 -

Soi 4 7 70 108 250 70

Sol 5 5 45 75 48 38

20

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

having an S-value according to the invention resuits in a higher gel strength after 672
hours than the composition prepared from the comparative silica sols 3-5, both at
ambient tem;ﬁerature 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



by the factory to max 0,4% The data-|ogger used for the tests is devel oped
to nonitor vibrations and defornmations during field conditions. The | ogger
nonitors continuously 10 during the test. The conpression tes sqn@ée@
performed only for sanples cured during 28 days. The noul d-c? 0si ze
was 50 mm di aneter and 25 nm height. Thg nmould cylinders were positioned
ina pot with a plane bottom The seatdypgoconposition was then poured up
to the upper end of the cylinders. AT Sanmples were cured in 200 C water
bath = at pH 10. Owly the cross sections where exposed to water. Before

t esti ng, ~the—sappl-es 15 re—s ted HenMOU| GobRidsBidéEfengtabl € 1
20 Comgjosqcf@% LSt Cg;%i o Sul Pace at g %ﬁ%ﬂﬂ@ hagieRlosst 1 Snoth made
with the It Sal b prodyct (kPa), ? ? 20C, pH foll ow ng

sol s: (nrr ??Qj?g)p P05 65% 12 —ff2h—Sot 117710@3’6‘801‘1"1‘2%75
S0131170 1Q Sol-e+#4 108250.17 S645545754839—1n td'BB I —Tt—Ccanbe sgaen
that the ol ng—conpgsi-ti-ons—mde CEom stHeca——sot ) havrng—an—S—vagge
accor di nge¥ g t he invention rzgu'ts LRta—hi-gher gel1 strength—after—672

hours thaPlthe conpasiltion pﬁz ar ed "Bt om-the ccnﬂaa'gQ Fye—si-H-ea—set-$r3-5,
bot h at %I ent termélrafurp ﬁ\d at 4 pl—l of 12 {\Ah;ra—\ accelerates—the

agei ng of the products) 25 and at a pH of 10 and a tenperature of 55 C

(which al so regylihsie i itaah at &endBs thE scBlirRCeSApositfls prepared from the silic
5 sols with an S-value in accordance with the present invention impart higher compressiv

strength than the sealing compositions made from the comparative silica sols 3 and 5.



30 MAR 2006 8 Table 2 Conpositions Particle Surface area on Conpressive
strength made fromthe dianeter S-val ueproduct base (n2/g)(kPa)/max | oad
fol l ow ng sol s: (nm S01635904048 Sol t 17776850 S01212768845 S013117010011
S0155457511 In table 2, it can be seen that the sealing conpo ﬂ;M&BéﬂB
prepared fromthe silic 5 sots with gn S-value in accordance wth the
present invention inpart higher conpressiv strength than the sealing
conposi tions made fromthe conparative silica sols 3 and 5. 3 D MAR 2M6 9
Claims 1 - Use of a sealing conmposition for sealing rock or soil, wherein
sai d sealing 5 conposition is obtai A8 by ni xi ng a silica sot having an
S-val ue hi gher than about 72% and at Least one gelllngtaggnt 2. P@thod
for cutting off liquid flowin a |eaking part or cavity by inserting a
seal i ng co?rpo Siti ‘ﬂé’éeéh@e%ﬂ"i'pr?@’“%%é@@'%gdﬁchﬁflsﬁ@ viisreih saidisealng ni xi ng a

silisa %GMpBQNdMQobtémaae\b@|nﬂﬂn@b gihed sdi Hﬁﬂn@ﬁl@glvamg%:ig%@ﬁthﬁﬁ g&fisr‘?zoo
gelling %enl | n 0 the |eaking part or 10 cavity . prepari ng
a seal i ﬁg Brﬁ%@F NYAIBY ni xing a silica sot having an S-val ue hi gher than

about 72% and2 at Niethsd fo@ﬂ&ttlwaf h ﬂ@Jl@ﬂ@Mﬂ a &aklwﬁtpaﬂ@r B8RO by Mg £/ aim 3,
wher ei n %% ca..sot mxed' ih situin a

o na SR S PEaITT ol el ot par O b Bhiaabindysnring 2 Sep Solheyiad

| eaki ng apar-taluellighoar ticaavatioyit 72% and at least one gelling agent, into the leaking part or
10 cavity.

3. Method for preparing a sealing composition by mixing a silica sol having an
S-value higher than about 72% and at least one gelling agent.

4. Method according to claim 3, wherein the silica sol and the gelling agent are
mixed in situ in a leaking part or cavity by separately injecting the silica sol to said leaking part

15 orcavity.

5. Seating composition obtainable by mixing a silica sol having an S-value higher
than about 72% and at least one gelling agent.

6. Sealing composition according to claim 5, wherein the S-value is higher than
about 75%.

20 7. Sealing composition according to claims 5-8, wherein the silica sol is an
aluminium modified silica sol.

8.  Sealing composition according to any of claims 5-7, wherein the composition
has a silica content from about 35 to about 50 wt%.

9. Sealing composition according to any of claims 5-8, wherein the gelling agent

25  is selected from potassium chioride, sodium chloride, calcium chloride, magnesium chloride,
magnesium nitrate, magnesium sulfate or mixtures thereof.

10.  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.

30 1. Sealing composition according to any of claims 5-10, wherein the
composition has a gelling agent content from about 0.2 to about 5 wt%.

35



5. Seating conposition obtainable by mxing a silica sot having an S-val ue
hi gher than about 72% and at | east one gelling agent. 6. Sealing
conposition according to claimb5, wherein the S-value is highgy mirEi06 about
75% 20 7. Sealing conposition according to clains 5-6, wherein the silica
sot is an alumniumnodified silicagpt. 8. Sealing conposition according
to any of clains 5-7, wherein the conposition has a silica content from
about 35 to about 50 wt% 9. Sealing conposition according to any of clains
5-8, wherein the gelling agent 25 is selected from potassium chloride,

sodi um chl or| aI cium chl oride, nggne5| um chl oride, magnesiumnitrate,

magnesi um sul’ at e e&ﬁhng,pr;(rpa?%tgont Resosdnd toamy %é'élm%@'%dﬁ'iﬁig'ﬂth%ﬁ“f@c&ﬂbr ding to

any of cdraprizes SHifs pélbhﬁé@hé\nﬁd‘@sﬁéﬁf@%ﬁﬁé:té)ﬂea e sbolEidd a\b%ufsﬁﬁ\ﬂ
devi ati on of %hegartl cle size di SﬁJ buti on Iower t han about

numbers. 30 1 SAIPHGORBNEE REOHING CAYioh G Sirlg %er@néhems 5- 10

wheré®i ncariymositioo e aivteigh rdtiasof siligebarticlgs RARMING @QBAIERAIM SBANUBNIWS 4@ t O
about S%H\q% 35 3 0 MAR 2006 10 12. Sealing conposition according to any of

cl ai s 1l, wherein the silica sol conprises silica particles having a
speci fi ¢ surfldce Seaing toroposiivouscebedingtoadng wf c!aﬁms Ma,g(vheréha theSeaI i ng

' h
compos: L ARG 85l <18 BANGBL LR T8, hdfn JELE Drd e B o ShAL o7 1o

about 3@nm. 14. Seal i ng conposition according to any of cl al ms 5 13,
wherein the conposition contains silica particles having a size within the
range of from about 12 to about 50 nm



