Process for the production of integrally waterproofed

concrete [err] 5 This invention relates to a procesg 8)0 e_,@cffjuet(i?
of’ at | east |argely honpbgeneously waterproofed concrﬁé\ (int egral
wat er pr oof ed concrete) by the incorporation of aqueo %m:rl Jildns

cont ai ni ng organosilicon conpounds into uncured concrete m xes 8gor
art inpregnation processes 10 are knowt i n whi ch such. enul si ons re
brushed onto conCggb&ess £SHOMRRNPRLAUCELoNBL LI QRIranT thstaygéasﬁeahereof
( EP- B- 0538 555, EP-B-034081 EP- A- 0234024) t ough good
results, for exanple with regard to t hecheyelte /of penetration of

noi sture, are achieved in this manner, 15 the process is associated with

probl enms. One such problem is that the user nust apply the enul sions
carefully to provide a continuous |ayer on the concrete surface.
However, defects in the concrete are not discernible from t he outsi de.

Nonet hel ess,5 t KBjs cbneentinte Gsdsdion 0pdi RYRCesy) f6r &her preduchasnratti ve
i quids such thaty Pg%)%eﬂ ogg&ffhomo e ‘é@ﬁsggrxtﬁ? xsooqi%d' ggg_ggeggs_ured
chemi cal

Mor eover, ageing o Crete surface exposure
thermal and al Janfeghabl ¢ abatsdrpasefedieakensté hsoy Zﬁlehyid:rcapbobiacipnobﬁct Ive

| ayer. This neans that, the | ayer, nust be renegwed at reqgul ar
aqueous emulsions containing organosilicon compounds into
uncured concrete mixes. Prior art impregnation processes

10 are known in which such emulsions are brushed onto concrete
components, so waterproofing the surface thereof (EP-B-
0538 555, EP-B-0340816, EP-A-0234024).

Although good results, for example with regard to the depth
of penetration of moisture, are achieved in this wmanner,

15 the process is associated with problems. One such problem
is that the user must apply the emulsions carefully to
provide a continuous layer on the concrete surface.
However, defects in the concrete are not discernible from
the outside. Nonetheless, they constitute possible points

20 of entry for destructive liquids such that protection of
the surface is no longer ensured.

Moreover, ageing of the concrete surface by exposure to
chemical, thermal and also mechanical stresses weakens the

25 hydrophobic protective layer.

This means that the layer must be renewed at regular
intervals. However, a prerequisite for this renewal is that
the surface to be treated must first be subjected to costly

cleaning, for example using a high pressure water jet.
30



intervals. However, a prerequisite for this renewal is that t he

surface to be treated nmust first be subjected to costly cl eani ng, for
exanpl e using a high pressure water jet. 30 _

2 The object of the invention is accordingly to provide a process by
means of which concrete conponents or caoncrete structures may

effectively be protected from corrosi on 2 W t hout requiring costly,

repeated neasurge L®jReeULE EHESinvehdd i gt :hgeorc?in LS JRRL Al g0 be
taken in this connection that i ncorporation of these protective

chemi cal conpol¥segsedy meanstofieghrinie donerabekadripongntaf cxorenetretsi xes,

for exanple 1Q wth regard to_viscosity.and, with regard to thagse
properties inflUENeING < tPSXg?ﬁg%?EﬁV%%Qq9§rpg?ﬁﬁﬁ?% Oh SIFEABY-O1 hese

parameters are witthoupaeh8fring codtle, PrepRBtelNYEN UL P WHdRS <2 tR5RCESS
for the production 15 of integrally waterproofed concrete, which process

S char a8t @4ofegtiipnthat an aqueous enul si on cont ai ni ng .
hydrol ysabl e organosilicon conpounds is added during production or
optionally thereafter to a m x contai ning water prepared from per se
known i nor gani Caated mopti afabl e P&kaiald thiepebhhessi®f Qigani c
constituents and the mx is then allowed to cure to formthe concrete.

incorporation of these protective chemical compounds does

not degrade the workability of concrete mixes, for example

10 with regard to viscosity and, with regard to those
properties influencing strength such as for example

porosity, these parameters are not impaired.

The present invention provides a process for the production
15 of integrally waterproofed concrete, which process is
characterised in that an aqueous emulsion containing
hydrolysable organosilicon compounds is added during
production or optionally thereafter to a mix containing
water prepared from per se known inorganic and optionally
20 small proportions of organic constituents and the mix is
then allowed to cure to form the concrete.
Emulsions of this type are known per se, but in the prior
art are used only for waterproofing surfaces.
Aqueous emulsions which are suitable for the use according
25 to the invention may be found, for example, in the
description of EP-A 0234 024, EP-B 0340 816 or EP-A-
0616 989. The aqueous emulsions disclosed in these patent
applications also constitute part of the present invention.
These emulsions preferably contain hydrolysable

30 alkylalkoxysilanes of the general formula (I) in a quantity



Enul sions of this type are known per se, but in the prior art are used
only for waterproofing surfaces. Agueous emnul sions which are suitable

“for the use according 25 to the invention nay be found, for exanple, in

t he description of EP-A 0234 024, EP-B 0340 816 or EP-A- 0616 989.

The aqueous enul sions disclosed in thesespatent applications also

constitute part of the present invention. These emul sions preferably

contai n hydrol ygabl ec 30 &t ky] atk@tysiel @Besneftéhel grreakyf gemdha (1) in a
quantity ) 3 of 1 to 70 wt.%
relative to thém@deaPngquantity of the enul si on. Furt her

xanpl o navi ng SAUTER Garyst O e Sfiethi i hionn noflinibe ¥, Toald"

ol eates and optemlalifyebsf f 61 ngcamples Wastiagcasn. HMberalusl oF ttheseo 20,
enul si ons, care should preferably be taken to ensure that the dropl et
size [sic] 5 igf PRREIGHERROEIFI I IEToMISALRES PRAVRRIGONRMY Buffsringr of

0.5 to 10 [errlﬁmsltapéeearﬁﬁ&w@gi:xg? ThRO b §8E6ns | N0,AY 2hRATq 10 Particle

size is 0.30 to 1I.T [err]m one particular e ment, the enul sion
contains 1 to prefeg@bly.be paledrerablenshireotbatwhédfdwdplat lsdast [ehe]
:lkylalkoxy3|l%>et L %gga ggfif%og(gggggindslén water have a diameter(gﬁerr])
0.5 to 10 um. In a particularly suitable case, the average
10 particle size is 0.30 to 1.1 um.
In one particular embodiment, the emulsion contains 1 to
80 wt.%, preferably 1 to 60 wt.%, of at least one

alkylalkoxysilane of the general formula

15 (R,),

[(R10)4—(a+h)Si'(CH2)c] bX (1) 4

in which

20 R, R, mean C(,-C, alkyl, optionally branched,
R, means C,-C,, alkyl, linear or branched, in particular

C,-C,, alkyl, phenyl,

a means 0 or 1,
b means 1 or 2,
25 ¢ means 1 to 18,
X means H, Cl, Br, I, NH,, SCN, CN, N,, NHR, N(R),,
N(R);, aryl, in particular
H, Cl, NH,, SCN, NHR, N(R,), N(R,) with the
meaning of R as above, phenyl, if b = 1
30 alkenyl, in particular -CH,-, ethylene,

trimethylene or tetramethylene, if b = 2



[err] [(Rerr]OJferr] - (atb) Si-(CHerr])[err] J[err]X

() in which 20 R, Rerr] nean err]-Cerr] alkyl, optionally

br anched, R3 neans Clerr]-Clerr] alkyl, linear or branched, in
parti cul ar Cerr]-Cerr] alkyl, phenyl, a neans

0 or 1, b neans 1 or 2, 25 c nmeans 1 to 18, X means

H d, Br, I, NHerr], SCN, CN, Nerr], NHR NRJ[err],

N(R) 3, aryl, XKrmeaicul & where x = 1toé H O, NHerr], SCN, NHR
N(Rerr]) , N(R[err]) V\nththe meani ng of R as above,
phenyl, if b =1 if b = 2 apfyenyll S Yarticular -CHerr]-,

et hyl ene, r or tetranethylene, if b =2

4 X means %?S lettrhé)h?%g%h?(ﬁés(i if b =2 and
c =1to 6, X neans if bM—thoahdneaﬁingpo 12, preferably 1 to 6,jf b =
and ¢c = 1 to 12, preferablg/ 1 to 5 andlnsteag of or in
addition to dne of the nd mStead of or inpdfitders 5Bt R CF ntBrti cul ar
1to 20 wt.% known suerE@BﬁE@blﬂ PadtQ i 005 88 we.s,

or ganosi |l i con conpound of” the general fornula 10

preferably 1 to 5 wt.% of an organosilicon

compound of the general formula

10
(R,) ,
(Rq)s-(mm)_Si - (CHz)p[OCHz'CHz]r ORs (IT)
15
(R;)

in which
R,, R, mean identically or differently C,-C,, alkyl, linear
or branched, in particular C,-C,, alkyl, phenyl
20 R, means C,-C, alkoxy,
[OCH,-CH,], OR,
[OCH,-CH,] .~ [CH,-CHO}, - [CH,-CH,0] H

CH,
25 where s = 3-50, t = 3-25
R, means H, C,-C,, alkyl, C,-C,, alkenyl, C.,-C,

cycloalkyl, C,-C; aralkyl, if p = o [sic] and
r = 0 corresponds to OR;:
30 - [OCH,~CH,] .- [CH,-CHO], - [CH,-CH,0] . H

m means 0, 1, 2;



(Rferr])[err] [err] (Rlerr])[err]-(mtn)
St - (CHerr])[err] [CCH err]-CHerr]][err] ORlerr] (rr)y 15

[err] (Rlerr])[err] i n which Rl err]
Rlerr] nean identically or differently (Jerr]-C2[err] alkyl, |inear

or branched, in particular err]-Cerr] aI kyl, phenyl 20 R err] neans
Cerr] C[err] al koxy, [OCH[err] CHerr]] [err]
ORerr] 11%1%’\/1&1%[@5&“(m+1{)0ﬂ[qr6]r ehGierr] - [
CHerr] - CH[err]O] [e ]H

CH err] 25 where 6, wirslp # ¢ Bmdh) = 0, 1 Beer hpphass, H,

Cerr]-Cerr] alkyl, C[errl) Cgerr] al kenyl, Cerr]-Cerr]
cycloal kyl, & M&&%rr],Yar 3if p=o [SIC] and

r = 0 correspondsyda O €rgh:in tgéér between 0 an

[OCH[err] CHerr]][err]-[CHerr]-CHJ [err]- [CH[ER‘R] CH[ERR]o][ERR]H

m neans 6, 1, 2; and water in a quantity from 1 to 955wt.%,n neans
0, 1, 2 providi ng t hat (mt+ where p

[err] O (mn) =0, 1 or Bkﬁf?ﬁiﬁy%r%“ rekfs?> WEot- f’h?p%’%he r neans

an integer between 0 and 5&uanélt1es by weigh@nddadad rtd, N odsguHa tthef rom 1

to 95 wt. % preferably from1 to 7 .% wherein the
quantities by weight add upikoigOohgn @ldowed to cure tO form the
concrete.
10

Preferably, n-octyltriethoxysilane and hexadecyltriethoxy-

silane are used as compound (I).

In addition to the compounds of the formula (I), the
15 emulsions may also contain the partial condensation
products thereof, fof example dimers, trimers or other
oligomers thereof, as are generally known to the person
skilled in the art.
The pH value of the emulsion is preferably adjusted to
20 approx. 7.S5.
In a particular embodiment, a buffer substance is added to
the emulsion in a guantity of 0.1 to 5 wt.%, relative to
the total quantity of the emulsion.
The buffer substance is, for example, sodium hydrogen

25 carbonate, sodium carbonate or trisodium phosphate.

In a preferred embodiment, 0.2 to 8.0 wt.%, relative to the
total weight of the emulsion, of one or more known anionic

surfactants are also added to the emulsion.



mx is then allowed to cure to formthe concrete. 10
Preferably, n-octyltriethoxysilane and hexadecyltri et hoxy- silane are
used as conpound (1). In addition to the conpounds of the fornula (1),
the 15 enulsions may al so contain the partial condensation products
thereof, for exanple dinmers, trinmers or other ol igoners thereof, as are
generally known to the person skilléd in the art. The pH value of

the enul si on iphdreffyatley p@acilsesaadaﬁ@age&@@pnﬁé aﬁ éverage ﬂ)é‘r@lcle
particul ar enbodi nent, a buffer substance is added the emul sion in

a quantity of @r]d:tctp]&n/vtdl%nertehrabfve 30 to 1.1 lpen. tot al quantity of the
emul si on. The buffer substance is, for exanple, sodium hydrogen 25
carbonat e, sodi um carbonate or trisodi um phosphate. In a preferred

enbodi ment, 0. fhé(bﬁhiﬁign(ﬁbcb%ﬁithEOtEhérEhventlohob?Elﬁﬁé #lsd he
emul si on, of one or nbre known ani onic surfactants are so added to
t he enul si o5. contalns 0.1 to 1.0 wt.% of a known thickenerg forTeh:eambqaerse

h d I e
030 to 11 [ efri tnd 1 BETCRITABES G Crvar 0 9ERERROLHE! ot B0YI Thal 1 y

al so relative to the total quantity of the emulsion.

In one specific embodiment of the invention, silicon-
10 functional surfactants of the general formulae

R,

I

Ts - O - 81 - 0 - Ts (VII)

15 R,
oxr

OR,

Ts - 0 - Si - (CH,), - O -~ Ts (VIII)
20 |
OR,

in which R,, R, and p have the meaning as above and Ts
corresponds to:

25 (CH,CH,O) .-R, n = 3-15,

(CH,CH,0) , R, n

[
W
1
[us]
un

- (CH,CH,0), - (CH,~CHO),(CH,CH,0) H m
30 l n
CH,

3-50
3-25

L]

are used.



5 contains 0.1 to 1.0 wt. % of a known thickener, for exanple fromthe

" class of cellulose or starch derivatives, |ikew se relative to the
"total quantity of the enul sion. In one specific enbodi ment of the
i nvention, silicon- 10 functional surfactants of the general fornulae
R2 Ts - O- Si - O- Ts (M1) 15
R3 or ore 7 . Ts-0-Si -

(CHerr])p - 0 inTs preferred enfoddilmbn2) in particular also in[€hé&]case
OR3 in which Rlerr], Rerr] and p have the neaning as above and Ts
corresponds to: of2emulEiprs rqanledning) phery -k |silanes, for example n

= 3- 15, . "
T il at UR e e bbb gy i e
CH err] CH err] epfiedr $hextly hbeflore 3sBOwBfch is capable of breaking| €hé]

§1 = 3-25 ) CH3 . are used. )
7 In a prefefiel BARDS Nt P9ty ther Sicl BPndF sl Fhensledued of
e

mul si ons cont abfiRgyshPiteShal cidednNed ihprotS A WlRigh [sic]l the

effectiveness of the silanes on neutral, weakly acidic or

alkaline, in particular problematic, surfaces.

10 A homogeneous distribution of the emulsion used according
to the invention in the concrete mix has, of course, proved
to be most successful. However, ideal conditions cannot
always be assumed under real conditions of use on
construction sites.

15 It has, however, been found that the advantages of the
waterproofed concrete produced according to the invention
are achieved even in the event of largely homogeneous
mixing of the concrete constituents with the organosilicon
compounds according to the invention.

20
The emulsions used according to the invention are
advantageously added to the finely divided inorganic and
optionally organic constituents of the concrete mix

together with the water necessary for the production of

25 this mix.

The concentration of the emulsions amounts to 0.1 to 10, in
particular 0.5 to 7 wt.%, relative to the cement present in
the concrete mix.

30



containing derr] and.C[err] al kyl ene groups, an acidic catalyst is
.added shortly before use which is capable of breaking the 5 Si-O bonds,

but not the Si-C bonds, in the clained al koxysil anes, in order to

i nprove through [sic] the effectiveness of the silanes on neutral,
weakly acidic or al kaline, in particslar problematic, surfaces. 10 A
honogeneous distribution of the enul sion used according to the
invention in the: aRRCIRED Founlatha®f tKOWRE adoPMeHy to €1 Q%JQg:tion
successful. However, ideal conditions cannot al wvays be assuned under

real conditi onso%fth?s@WSionScGﬁétﬁmﬂg}mrymili¢§nI¢omndmw§sr, been
found that the v t erproof ed, concrete produce
rﬂg: %&%&%w&ﬁ:eﬂ??oof the conD ré?&gngf‘ﬁoF%éo‘é‘%/e]rﬁs d‘faslsargel y

according to the inventron are-acnr eved _ gel
honogeneous ideadilyy holoyke608Ly £t By fEirilndge Wbek Whé Not Neheorgangsi | i con
conpounds according to the invention. 20 The emul si ons used according

to the invenPi fPHFEte Mixdy aAYARERIRT xRl ieyedhsel bty W \Watder
inorganic and g3 QPR LY-08 g2 0 t oncret.e .m
together with the walldter %g)élgségry Iﬁ%% ﬁéeﬂ é’%%glu%t %ﬁ}]g%rg_i%uf mjgt}}ﬁ"{f‘
The concent r at | argagfostiid ceomuksmpasndspunts to 0.1 to 10, in particul ar
0.5to 7 wm.% relative to the cenent present in the concrete mx. 30
The liquefying action of the emulsions may in certain cases
10 be used to reduce the water content in the concrete mix to

be produced, which has an additional advantageous effect on

the development of strength and density.

In one important use, the concrete mixes produced according
15 to the invention are applied in the form of shotcrete onto

load-bearing members, in particular made from concrete.

Destructive salts do not penetrate though this protective
layer into the structural concrete.

20
The structural concrete may be optimally tailored to its

supporting function since the protective function is

assumed by the surfacing layer.

25 Subsequent application of this surfacing layer may,
however, also be of significance, if, for example due to a
change in use, a structure is subjected to an unforeseen

exposure to a destructive substance.

30 There are also important applications which demand

waterproofing through the mass of the concrete components.



8" It has been found that the use according to the invention of the
enmul si ons cont ai ni ng organosili con conpounds does not nerely water proof
the concrete throughout its nass, i deal | y honogeneously. Even during
wor king of the fresh 5 concrete m x, advantages are achieved relating to
better . flow behaviour in conparison9with a standard m x w t hout
organosil i con conpounds. The liquefying action of the ermulsions may in
certain cases 10 be used to reduce the water content in the concrete mx
to be produced, which has an additional advantageous effect on t he
devel opnent of Such earplicatdogendneyude, for exgmplenpbridae decksit he

concrete m xes_pro ceq:accordin 15, 1o the inven%ion are applied in the
tunnel e ranqes 8n exits or waste water P% es
form of shotcrete ont Oad-"Deari Ag nenbers, T n particul ar made from

concrete. Destructive salts do not penetrate though this protective
| ayer into the structural concrete. 20, The structural concrete may be
optimal ly t& | 97eRl $¥reds the cousyeEei RiXes RUAMTes ACECTAENSr &P et ve

function is,  APSHEESh Akaldia SWiERSHBO AYhler weT,SUbSBAENL,APPI | cat | on

of this surfacing layer wever be of signifticance, if, for

exanpl e due toceefficidratgand coneiderablycreatdrs reslhiseahed to an

unf or eseen exposure to a destructive substance.
chloride penetration than untreated concrete.

10 Unlike improvements achieved by external treatment, these
properties are durable as they are not determined by wear

phenomena at the surface.

Integral waterproofing, as described in this document, has
15 not hitherto been considered by the person skilled in the
art because, according to the prior art, the organosilicon
compounds used would have been expected to be hydrolysed or
condensed due to the strongly alkaline conditions in the
concrete mix so greatly impairing the effectiveness of the

20 waterproofing compounds.

Applications are also conceivable in which the hydrophobic

characteristics of the concrete produced according to the

invention are strengthened by a prior art (DE-PS 2751714,
25 US-PS 4,661,551) external treatment with organosilicon

compounds or the emulsions described.

The cited patent applications are a constituent part of the

disclosure of the application.



30 There are al so inportant applications which demand wat er pr oof i ng
~through the nass of the concrete conponents.

9 Such applications include, for exanple, bridge decks, t unnel
entrances and exits or waste water pipes. 5 Once cured, the concrete

m xes produced according to the inveption exhibit distinctly | ower
wat er absorption coefficients and considerably greater resistance to
chl oride penet ratduprddhan untreated concrete. 10 Unli ke inprovenents
achi eved by external treatnent, these properties are durable as they
are not determ ned by wear phenonena at the surface. I nt egral

wat er pr oof i ng, .@as Q?Sckh% hIS docunent, has 15 not hitherto been
consi dered by the person's |PF8 in the art because, according to the
prior art, the organosilicon conmpounds used woul d have been expected to
be hydrolysed or condensed due to the strongly al kaline conditions in
t he concPet e miSilemegtyrel 9 i rﬁ%ﬁi’f]itﬁgeﬂ:h@xﬁﬁ ¢ viEfesd .6f ofh&he20
wat er pr oof i ng conpounds. ﬁ&ﬁg: Qs are al so conceivable in which
t he hydrophobic characteristics of thHé concrete produced according to

t he i nvention are strengt heneshiInnea sprrifactant {ddoRBry’eb/the 25
US- PS 4, 661, 551) ext ernal treatnent w th or an03|I|con
formula (I1) (EP-B-0538555)
(1 wt.% of the emulsion)
10 Silane type B: hexadecyltriethoxysilane (50 wt.% of
the emulsion)
silane surfactant according to the
formula (II) (EP-B-0538555)
(1 wt.% of the emulsion)
15
2. Testing of the concrete articles was performed in
accordance with the methods specified by the Swiss

association of engineers and architects: SIA 162 (1993)

SIA 162/1 (1989, concrete structures: materials

20 testing).

3. Composition of the concrete mix

Sand, 0-4 mm [kg/m’] 829
Aggregate, 4-8 mm [kg/m’] 368
Aggregate, 8-16 mm [kg/m’] 645
Portland cement, CEM I 42.5 [kg/m’] 350
Water [kg/m’] 175
Silane emulsion (active content 51%) 10.5

Table 1



conmpounds or the enul sions descri bed. The cited patent applications

are a constituent part of the di scl osure of the application.

© 10 Exanpl es 1. Conpounds used: 5 Silane type A
octyltriethoxysilane (50 wt.% of the enul si on)
silane surfactant according to the 11 formula (11)

( EP- B- 0538555) (1 ‘W . % of the enul si on) 10
Silane type By, heﬁﬁ%ﬁﬂi d eehexysh! @bsck& W . % of
t he emul si on) sil ane surfactant according to the

formula (11) (EP-B-T&88H55) Slump | Aix bontettof Density
emul sion) 15 3.

Tegting of the concrete arfiqles per flor i
accordance with the®Ret hods specified by t he [ Sq V@a asségggﬁngn of
engi neers and ar ctgCt 51 PhAe 1ok 50) 39.5 |of Aty T (198935 omclete

PO ' 3.

structures: materijals |} testing). Conposition of the
concrete m x tawgde B-4 mm [ kg/ nferr]] 829
2 Silane emulsion, 41.5 3.0 2375
type B
3 Standard concrete 36 3.2 2383
Table 2

Slump, which characterises flow properties, shows that
5 concrete mixes 1 and 2 produced according to the
invention flow better and are thus more readily
workable than the standard mix without silane emulsion.
The mixes according to the invention also exhibit a
lower air content, such that the concrete produced

10 " therefrom is less porous.
5. Resistance to chloride penetration

Resistance to chloride penetration is tested with a 3%
15 NaCl solution. To this end, four sides of a concrete

cube are coated with epoxy resin.

An uncoated side of this cube is then immersed for
24 hours in the salt solution and capillary liquid

20 absorption measured.

The test cubes are then dried for 24 hours at 50°C.



Aggregate, 4-8 mm[kg/nferr]] : 368 Aggr egat e,
8-16 mm[kg/nferr]] 645 Portl and cenent, CEM I
42.5 [kg/ nferr]] 350 Water [kg/ nferr]]

175 Silane enul sion (active content 51% 10.5

Table 1 4. Properties of ffxesh concrete Test

Slunmp Air content . Density no. [c

[ %4 [ko/ dnferfddis Sequence is pgkkéﬂﬁe§nﬁéﬁééﬁédly un891°a v1rt@af%&
2373 type 2 | ane emnul Si on, 3.0
2375 comayi;mlthalue is acaieveﬂan@'étrer d@nduaerSe the36 3.2

2383 Tabl e cte fl
chows that 5 o CpBrEsated Ronsr R, Ak taehs o Sk PRergtroR 7
invention flow betigprand angfiyswhdiée: tfw@cmp&egnated coEkadd enddan the

gert|es

standard m x wi thout silane enul sion. The m xes according to the
i nvention al%o exhfbferhed only appsmar ai kaé®Bntent, such that the concrete
produced 10 therefromis | ess porous.

6. Water absorption coefficient of concrete

Test Water absorption coefficient
no. [kg/m*h’*]
1 Silane emulsion, 0.084
type A
2 Silane emulsion, 0.112
type B
3 Standard 1.31
concrete
Table 3

10 The water absorption coefficient of the concrete article
produced according to the invention is distinctly lower

than that of the standard mix.



5.” Resistance to chloride penetration Resi stance to chloride

penetration is tested with a 3% 15 NaCl solution. To this end, four

" sides of a concrete cube are coated with epoxy resin. An
uncoated side of this cube is then i mersed for 24 hours in the
salt solution and capillary liquid 20 absor pti on neasured.

The test cubes are then dried for 24 howss at 50[err]C " - -

constant valve i 5 achieved Arter 15 days. the - oMIIMERIVAREN A1

article exhibited absorption of approx. 9 kg/nferfr] ¢ whil% tshe*

i npregnated concrete had 5 absorbed only approx. 1 kg/nferr]. 6.
Wat er absorpti egrepefdigignt of concrete Test

Wat er absorption coefficient no.

[kg/r{err]h[err]] 1 Si | ane enul si on, 0.084

Eggg g‘ 5 1. éroceg‘élﬁ%te gﬁ@;:p?o(&ﬂction of integraiggiargterproofed
concrete Tabl ecénerdife ,The wat er absorption coefficient of the concrete
article

characterised in that an
emulsion containing an aqueous organosilicon compound
of the general formula

10 (R,),

[(R,0) 4. (aurySi- (CH,) ] ,X (1),
and optionally the partial condensation products
thereof is added during production or optionally
15 thereafter to a mix containing water prepared from per
se known inorganic and optionally small proportions of

organic constituents, wherein

R, R, mean C,-C, alkyl, optionally branched,
20 R, means C,-C,, alkyl, linear or branched, in

particular C,-C,, alkyl, phenyl,

a means 0 or 1,
b means 1 or 2,
C means 1 to 18,
25 X means H, Cl1, Br, I, NH,, SCN, CN, N,, NHR, N(R),,
N(R),, aryl, in the latter case in
particular phenyl, if b = 1
alkenyl, in particular having 1 to 6 C
atoms, if b = 2
30 X means S, where x = 1 to 6

if b =2 and ¢ =1 to 6,



produced according to the invention is distinctly Iom “tham that . .of the

standard mi x. ll’ tent
Cl ai s 5 1. Process for the production of integrat I yc /’
concrete, characterised in that an enul si on” cont ing an

aqueous organosilicon conpound pf the general formula 10
(Rlerr])[err] a [ ( R[err]CIerr] (a+b) Si - ( CHerr]
[err]][err]X (1)X means an&icpbhbnaéayindie partial condensation products

t hereof is added during pr oductlg é ogéi on_all3£ 1; thereafter to a
m x contai ni ng water prepared r B Qe tknown I nor gani ¢ and

optionally small proportions greferably 10f@adli ¢ constituents, wherein

R, Rerr] mean (err]-Cerr] alkyl, tlonaIIy branched, 20 Rl err]
means d err]-C| angd|the kydx g rté’@rn gglbwa@cmopunen to form the

particul ar C%err] %errit al kyl , phenyl, a neans 0 or 1,

b means or 2, C nmeans 1 to 18,

2. Process according to claim 1,
characterised in that
the emulsion contains hydrolysable organosilicon
10 compounds and ionic or nonionic surfactants

{emulsifiers).

3. Process according to claims 1 or 2,
characterised in that
15 an emulsion is used, the disperse phase of which has an
average particle size of 0.3 to 1.1 pm and a width of

the particle size distribution of < 1.3.

4. Process according to claims 1 to 3,
20 characterised in that

an emulsion is added which contains 1 to 80 wt.%

I
preferably 1 to 60 wt.%, of at least one alkoxysilane

of the general formula

(Ry),
25
l (Rlo) a- (a+b)Si" (CH,) c] pX (1),
and optionally the partial condensation products
thereof and instead of or in addition to one of the
known surfactants in particular 1 to 20 wt.%,
30 preferably 1 to 5 wt.% of an organosilicon compound of

the general formula



25 X nmeans H d, Br, I, NHerr], SCN, CN, Nerr], NHR
N(R[err], N(R) 3, aryl, in the |atter~tase in

particular phenyl, if b =1 war. 1 ﬁ\\ﬁ\\i\\\“ ‘\l;\\\(g\\&;\\;;ﬁ:' ar

S[err] where x = 1to 6 =1to 6,
14 X nmeans W t hout neani ng if b=2andc
=1to 12, (R,), preferably 1 to 6, and the mx is
then allowed to cure to forfithe 5 concrete. 2. Process
according to clai mgl) 3o tmemy ~S1 - C(Q{Zaggﬁﬁzsgﬁz]irrbﬁshat (¢he enul sion
contai ns hydrol ysable organqsilicon 10 conpounds and ionic or nonionic
surfactants (emul s(' fi' ers). 3. Process according to clains 1
or 2, characterised®™ that 15 an enul sion is used, the
di sperse phase of hiwHidas an average particle size of 0.3 to 1.1
[err]mand a wi dth_ of ..the particle size distribution_of [err] 1.3.
R,, R, mean identically or differently C,-C,, alkyl,

linear or branched, in particular C,-C,,
alkyl, phenyl,
10 R, means C,-C, alkoxy,
[OCH,-CH,], OR,,
[OCH,-CH,] .- [CH,-CHO], - [CH,-CH,0] H

CH,
15 where s = 3-50, t = 3-25
R; means H, ¢,-C,, alkyl, C,-C,; alkenyl, C,-C,

cycloalkyl, C,-C,, aralkyl, if p = o [sicl]
and r = 0 corresponds to OR;:
- (OCH,-CH,] .- [CH,-CHO], - [CH,-CH,0].H
20 m means 0, 1, 2;
n means 0, 1, 2 providing that (m+n) = 1 or 2, if

p =0, where p# 0 {(m+n) = 0, 1 or 2

applies,
p means 0, 1, 2, 3;
25 r means an integer between 0 and 50,

and water in a quantity from 1 to 95 wt.%,
preferably from 1 to 75 wt.%, wherein the

quantities by weight add up to 100%.

30



4. Process according to clains 1 to 3, 20 charact eri sed in_that

an enmul sion i s added which contains 1 to 80 wt. y 1to
" 60 wt% of at |east one al koxys-il ane of t “‘\m !{“\Mﬂ

(Rlerr])[err] 25 [efd]

(atb) Si - (CHerr])[err]] [err]X () ‘an optlonally t he
partial condensation products - thereof and instead of or
addition to one-ofPx¢ress accordiklmm slaimciéants in particul ar 1 to 20

w.% 30 pr ef abI lto o of an organosilicon conpound of
the general formul%@ ehara beriddd i £ra? 15

(Rlerr]) an (&hersiod ary hséﬂ“‘ﬂ)ucﬁl cont(ﬁﬂ[sal’sl’l]l)i.behl’—functlonal

[CCH err]-CH err][err] ORerr] (rn) i n which

Rlerr], Rerr] rrea’ﬁm}'%)%‘?iirbteﬁ IQf GPedgﬁﬂéFé%th]éer] Clerr] al kyl,

l'inear or branched, in particular Cerr]-Cerr]

al kyl, phenyl, 10 R err] ans Cerr]-Cerr] alkoxy,

OCCH err]-CH err err err

%OCH%err} CH%errH[s- %?]?[Q[e(?r]]%f)errf [CH[err] CH[err]d]V[Ié[r)r] H
3-25

CHerr] 15 where s = 3-50,
nmeans H derr]-(err] al kyIRs Cerr]-Cerr] al kenyl Cerr]-Cerr]
10 or
OR,
|
Ts - 0 - 8i - (CH,)), - O -~ Ts (VIII)
|
15 OR,

in which R,, R, and p have the meaning as above and Ts

corresponds to:

(CH,CH,0) ,-R, n = 3-15,
20
(CH,CH,0) , R, n = 3-15,
- (CH,CH,0), - (CH,—CHO),(CH,CH,0),H m = 3-50
n = 3-25
25 CH,
6. Process according to claims 1 to 5,
characterised in that
an emulsion is used which contains 0.2 to 8.0 wt.%,
30 relative to the total weight of the emulsion, of one or

more known anionic surfactants.



.c_ycloalkyl, Cerr]-Cerr] aralkyl, if p =o0 (sic]

and r O corresponds to OR[err]:

(OCH[err] CH err]] [err]- [CHerr]-CHO[err] - [CH err]- CH[err]O] [err] H
20 m means o, 1, 2 n rreans 0,71, 2 providing that

S or 5 2 o eo” = > D A

1, 2, 3; 25 7. Prpcaeansccordmgltme{}@nmbetlv@@nGO and 5D,
and water in a qua]

from
preferably from1l ?’Sr? tﬁfl@e& ertgrll the
quantities by wei ght asddidpca®alPbtPis added to the emulsidn PRFREESHse.

according to claim4, characterised in that an emul si on

i s used which contains silicon-functional surfactants of the
general forgulge . R.e . -0- S -
O - Ts gul rdcess accord%Qg|30 one or EBLe of the preceﬁ%?% 10 or
OR2 claimsQ - Si - (CHerr])[err] - 0 - Ts (M11) 15
OR[err]

characterised in that
the emulsion is added to the concrete mix in a quantity
of 0.1 to 10 wt.%, preferably of 0.5 to 7 wt.%,

10 relative to the cement.

9. Process according to one or more of the preceding

claims,
characterised in that

15 the emulsion is added to the concrete mix together with

the water.

10. Process according to claim 1,
characterised in that
20 a concrete mix containing the agqueous emulsion
containing organosilicon compounds is produced, the mix
is worked, allowed to cure and the surface is then

provided with a prior art waterproofing treatment.

25 11. Concrete mixes which contain per se known inorganic and
optionally organic constituents and the aqueous

emulsions according to claim 1.

12. Use of concrete mixes

30 according to claim 11 as shotcrete for the production

of surfacing layers.



inwhich Rlerr], Rerr] and p have the nmeaning as above and Ts

~corresponds to: (CHerr]CHerr]O [err]-Rerr] ~

n = 3-15, 20 (CHerr]CHerr]O [err] R[err]

n = 3-15, - (CHerr]CHerr]l]OJferr] - - :

|(Cl—l[err]-Cl-lo)[err](Cl-l[grr2]5012-|[5err]O)[err]18 - m= 3- ST"""”"HH"H , I, .
n = 3- :

Process according to cI ainms 1 to 5, char acterfsed i M’wﬂl

an enulsion is Lgse %h contaijns.- 0.2 to 8.0 w.% 30 relative to

the total weighto effifSTBhe 'B*x%%e or nore known ani onic

surfactants. accordlng to claim 11 for the proddctiord -of %t%%%%ral

according to clainms 4 to 6, characterised in %at an acidic

catal yst is added W“W@eél‘n‘fal-si on before use. 5 8. Process according to

one or nore of the preceding cl ai ns, characterised in that

the enulsion is added to the concrete mx in a quantity of 0.1 to

10 wt. % preferably of 0.5 to 7 w.% 10 relative to the cenent.



9. Process according to one_or nore of the preceding cl ai s,

characterised in that 15 the emul sion is added to the concrete m x
together with t he water. 10. Process according to claiml,
characterised in that 20 a concrete m x containing the agueous

enul si on cont ai ni ng organosilicgg conpounds is produced, the m x
is worked, allowed to cure and the surface is then provided with a
prior art watcPROORSSNEOR B NPRODUCT PN KIF IRFRGRAIL YiWATERHROOIFRIONt ai n
per se known i norganic and OploneRelrkey organi c constituents and the
aqueous enul si ons according to claim 1. 12. Use of concrete
m xes 30 accordlng to claim 1l assymracarete for the production

of surfacing &% 13.. Use_of Cre accordlng to
claim1l for esp%g Ge o% ?la% uéfhPaProch%d%ﬁ%ﬁgﬁi?r%duCtl

homogeneously waterproofed concrete (integrally

5 waterproofed concrete) in which an aqueous hydrolysable,
emulsion containing organosilicon compounds is added before
curing to the fresh concrete mix prepared from water,
inorganic and optionally organic constituents, which
emulsion contains at least one alkoxysilane and optionally

10 an organosilicon compound acting as a surfactant.



