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wat er penetration and the ingress of chlori R ns dissolved in
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for example, US 4,118,242, US 4,310,486 and US 5472501). However, its

disadvantages are poor workabillity and relatively high surface water absorption due fo

the capillary action of fine capillary pores which result in high sorptivity of the concrete

and therefore potential high chloride/sulfate build up at the splash and tidal zones of

marine concrete structures. Furthermore, the high water absorption will result in a

concrete which is water-fight but not damp-proof and will fail to meet the commonly used

project specification of a water absorption of less than 1% of the concrete when it is

tested in accordance with BS1881 : Part 122,

Hydrophobic compounds, such as calcium stearate, silicon, wax or bitumen emulsion
are aiso commonly used as waterpraofing admixtures of concrete, to impart a
hydrophobic coating to the capillary surfaces as well as blocking some pores. However
such compounds have the disadvantages of reduced compressive strength (typically 10-

15% lower than the plain concrete) and reduced effectiveness under high hydrostatic
head.

Therefore, for a durable waterproofing concrete both low permeability and low
absorption to water are sought. One solution is to make separate additions of silica



-2- fume and hydr ophobi ¢ conpound during the production of the concrete.
However, this requires additional m xing/dispersing and the hydrophobic
conmpound i s usually added as an emulsion in order to achi eve a honbgeneous
m X. The pre-enul sifying of the hydrophobi c conpound and the conpli cated
dosi ng procedure make such a procedure inpractical and uneconom cal for use
on construction sites. It should also be noted that the enul sion can only
have limted use in cold environnments,because it is generally not frost
resistant. Furthernore, the enulsifié?’nay reduce the hydrophobic action
and cause excessive air entrainnment and | oss of strength. Anot her
approach is disclosed in US 4,762,867. This describes the use of an
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ester, andcoriunétel Synthetiopelymierdispersion is very expensive and has an adverse effect
on the compressive strength of the concrete, it is not practical and has only limited
usage. It is therefore not generally used by the construction industry for large scale
waterproofing concrete production.

According to the present invention from one aspect there is provided a waterproofing
additive for cement and/or concrete, comprising at least one pozzolanic material
modified with at least one hydrophabic material.

The pozzolanic material preferably comprises one or more pozzolanic components. The
pozzolanic material preferably comprises one or more of silica fume, microsilica and
metakaolin. The sllica fume may be densified or undensified silica fume. The microsilica
is preferably refined natural microsilica and is preferably amorphous. One particularly
preferred composition for the pozzolanic material is a mixture of silica fume and
microsilica, most preferably in approximately equal amounts by weight.

The hydrophobic material is suitably a hydrophobic compound, preferably an organic
or organometallic compound, most preferably of a long chain paraffinic acid. The
" hydrophobic material may be a paraffinic or fatty acid ester, e.g. butyl stearate. The



- 3: hydr ophobi ¢ conpound nmay be a soap, especially a netallic soap of a
paraffinic acid, e.g. calciumstearate, nagnesium stearate or al um ni um
stearate, or an organic soap of a paraffinic acid, e.g. an anmonium salt.
The hydr ophobi ¢ conmpound may be oleic acid, a wax emnul sion, siloxane or a
silicon emul sion. The or each pozzol anic constituent of the additive may
be nodified with one or nore hydrophobic materials. Preferred waterproofing
additives are m xtures of at |east one pozzolanic material (e.g. silica
fume, mcrosilica or netakaolin) with3t | east one hydrophobi ¢ conpound, or
possi bly two or nore hydrophobi c conmpounds of different types. The

conbi nation of such materials has been observed to enable better -m xi ng and
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fypes. The combination of such materials has been observed to enable better mixing

and a freer flowing powder nature of the finished product, as well as increased shelf life
thereof.

The pozzolanic material is preferably modified by spraying and/or blending with the
hydrophobic material, suitably in a high speed/shear mixer. The mixing operation
preferably results in an intimate, and preferably substantially fully mixed, mixture of the
pozzolanic material and the hydrophobic material(s).

The total weight of the hydrophobic material(s) in the waterproofing additive is suitably
in the range from 5 to 30% of the weight of the pozzolanic material, preferably § to 15%
and most preferably around 10%.

A particularly preferred composition is an approximately 1:1 mixture (by weight) of
densified silica fume and microsilica modified with approximately 10% (by weight of the
combined pozzolanic constituents) of butyl stearate. Another particularly preferred
composition is metakaolin modified with approximately 10% (by weight) of butyi
stearate.

According to a second aspect of the present invention there is provided a cement mortar
or concrete comprising a waterproofing additive according to the first aspect of the
invention. The cement mortar or concrete preferably comprises an amount of the



or concrete conprising a waterproofing additive according to the first
aspect of the invention. The cenent nortar or concrete preferably conprises
an anount of the -4-

wat er proofing additive such that.the pozzolanic nmaterial of the additive is
present In the cenent nortar or concrete in an anount in the range fromb5
to 15% of the weight of cenent, and nost preferably fromaround 8 to 10%
The cenent nortar or concrete preferably has inproved water inperneability
(suitably less than 10 mm after 28 day4-when neasured in accordance with
DI N 1048) and/or reduced water absorption (suitably | ess than 1% when
measured in accordance with BS1881: Part 122), preferably whilst retaining

accept abl e conpre55|ve strength. Thus, the waterproofing additive is
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val ue but P?n in finely divided formin the presence of nvisture,
react chem cally W|th cal cium hydroxide at ordinary tenperature to form
conpounds possessing cenentitious properties.

According to a third aspect of the present invention there is provided a method of
preparing a.waterproofing additive for cement and/or concrete, comprising modifying a
pozzolanic material by spraying and/or blending with a hydrophobic material. The step
of spraying and/or blending is performed using a high speed/shear mixer.

According fo a fourth aspect of the present invention there Is provided a method of
preparing cement mortar or concrete ¢comprising mixing cement, sand and water with
a waterproofing additive according to the first aspect of the invention and/or
manufactured in accordance with the third aspect of the invention.

In ASTM C618, a pozzolan is defined as a siliceous and aluminous material which, in
itself, possesses littie or no cementitious value but which will, in finely divided form in the
presence of moisture, react chemically with calcium hydroxide at ordinary temperature
to form compounds possessing cementitious properties.

The present invention will now be described by way of example only, with reference to
the following embodiments which are illustrative and not limiting.

EXAMPLE 1 - Waterproofing for Cement Mortars

The mixture proportions of the cement mortars in this example are based on the



The present invention will now be described by way of exanple only, with
reference to the foll owi ng enbodi ments which are illustrative and not
limting. EXAMPLE 1 - Waterproofing for Cenment Mortars The m xture
proportions of the cenment nortars In this exanple are based on the -

- 5- foll ow ng conposition: cement (OPC): water sand : waterproofing
additive: liquid superplasticizer in the ratio of 1. 0.38: 2.61: 0-0.08:
0.01-0.02 (by weight) respectively. The waterproofing additive conprises a
pozzol anic material (e.g. silica funmesSrefined natural microsilica or

nmet akaol in) nodified wth a hydrophobic material (e.g. an organic or
organonetal lic conpound such as butyl stearate, calcium stearate, another
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The silica fume that was used was a commercially available product having a typical
composition as shown in table 1 (with constituents indicated by weight in %):

Table 1: Typical Compesition of Silica Fume

Composifion SiO, 80, C Fe,0, CaO0 MgO0 Na,0 KO

Usual range 8595 0.1-05 1.0-6.0. 0.104 0105 0110 0110 01-10
Typlcal 8094 10max 30max 03 0.3 04 1.0max 1.0 max

Both densified silica fume (as supplied by Scancemn Materials Pty Lid, Australia) and
undensified silica fume (as supplied by Elkem Materials, Norway) are suitable. The
typical density range for the densified silica fume is 500-650 kg/m® and for undensified
silica fume is 250-400 kg/m®.

The microsilica that was used was a refined natural amorphous silica (as supplied by
Microsilica New Zealand Limited, New Zealand). The fypical composition is given in
table 2 (with constituents Indicated by weight in %):



typical density. range for the densified silica fume is 500-650 kg/nferr]
and for undensified silica funme i's 250-400 kg/nferr]. The mcrosilica
that was used was a refined natural anorphous silica (as supplied by
Mcrosilica New Zeal and Limted, New Zeal and). The typical conposition is
given in table 2 (with constituents indicated by weight in %:

-6 - Tabl e 2: Typical Conposition of Refined Natural Mcrosilica
Conposi tion Sigerr] SJerr] d LO Al kal i cont ent Bul k
Density Typi cal 90.8 0.15 -@-001 2.2 0.012

700kg/ nferr] The metakaolin that was used was a commercially avail abl e

product produced by high tenperature treatnment of kaolin (as supplied by

ECC I nt ational . UK or Engel ha Cor.por ation, USA). The typical
corrpositq-rl""'@ﬁtzig"'p (%WH%'“?%W’@“?‘W&"FH{“@M uents indi cated by weight in
% : Table 3: Typical Conposition of Metakaolin Conposition Si %err]
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Typi cal . . . . . . : - The
sel ected, pozzol ani ¢ Mejey | ahs,‘swe SoP’ 0ggsseqd gy SPrayi ngegng dl ending with
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produce a surface nodified Waterroofi ng additive for cement and concrete.
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wat er pr defmpegatuttreatmentiof kablin (aseupplied bydoGCriatesnational, UK or Engelhard
Corporation, USA). The typical composition is given in table 3 (with constituents
indicated by weight in %):

Table 3: Typical Composition of Metakaolin

Composition Si0, ALO; Fs03 Ca0  MgO K0 Na,O

Typical 5255 4042 0646 001 0204 06-24 <01

The selected pozzolanic matetials were processed by spraying and blending with one
or more hydrophobic compounds in a high speed, high shear mixer to produce a surface
modified waterproofing additive for cement and concrete. The preferred hydrophobic
compounds are butyl stearate, calcium stearate or other metallic soaps of paraffinic
acids which are commonly used as waterproofing additives in the cement and concrefe.
Other sultable hydrophobic compounds inciude oleic acid, wax emuilsion, siloxane and
silicon emulsions, but with reduced effectiveness.

Cement mortar mixtures in which a range of hydrophobically modified pozzotanic
materials with cement, sand, water and superplasticizer were prepared in a Hobart
mixer. The liquid superplasticizer was added to adjust the mix to a constant workability
(flow). The mortars’ compressive strengths were tested according to ASTM C109 and
the water absorption was tested by a modified method according to BS 1881 : Part 122
at 7 days. The results (including results for a control sample with none of the

hydrophobic material) are summarized for each of the chasen pozzolanic matetials in
tables 4, 5,6 and 7.



Qt her suitabl e hydrophobi c conpounds include oleic acid, wax emnul sion,

sil oxane and silicon emul sions, but with reduced effectiveness. Cenent
nortar m xtures in which a range of hydrophobically nodified pozzol anic
materials with cenment, sand, water and superplasticizer were prepared in a
Hobart m xer. The liquid superplasticizer was added to adjust the mx to a
constant workability (flow). The nortars' conpressive strengths were tested
according to ASTM C109 and the water absorption was tested by a nodified
met hod according to BS 1881 : Part 127 -at 7 days. The results (including
results for a control sanple with none of the hydrophobic material) are
sumari zed for each of the chosen pozzolanic materials In tables 4, 5, 6

and 7. . -7 - Tabl e 4:
Test Results of Cenent Mortar with Modified Densified Silica Fune

Hydr ophaiabié 4: Test Results off G&mént Mortr itk Mddified Séreified SiléwFume Si | oxane Silicon
Conpound—-—Nene—SFea-&%e—&-e&p&pe—-Aekd—-EmF&heﬁ———-Enm-si on

S@reSW¥%%rength M days 83&“’83 Queicgs gk Ostbgane  swed° ) 470

52. 5 @ 2%ork?Y tearate O05tBarath0- Reid  Erfidsich  70- @mufnS 710
74. 0 \/\m‘pr absqrp-

Compressive

Strength (MPa)

@ tday 36.0 350 310 240 245 17.5 7.0
@7 days 635 630 54.0 520 490 525 46.0
@ 28 days 685 705 61.5 700 645 710 74.0
Water absorp-

tion @ 7 days

(%) 220 058 0.68 184 156 1.55 209

Table 5: Test Results of Cement Mortar with Modified Undensified Silica Fume

Hydrophobic Butyl Calcilum Oleic Wax Siloxane Silicon
Compound None Stearate Stearate Acd Emulsion Emulsion
Compressive

Strength (MPa)

@ 1day 368.0 345 31.0 300 350 70 3.0

@ 7 days 635 685 60.0 66.5 66.0 62.0 86.0

@ 28 days 68.5 720 66.0 700 69.5 75.0 74.0
Water absorp- _)

tion @ 7 days

{%) 220 065 0.80 141 148 143 1.69




tion @7 days (% 2.20 0.58 0. 68 1.94 1.56 1.55

2.09 Table 5: Test Results of Cenent Mortar with Mdified Undensified
Silica Fune Hydrophobic But yl Calcium deic WX Si | oxane
Silicon Conpound ' None Stearate Stearate Acid Enulsion
Enmul sion Conpressive Strength (MPa) @1 day 36.0 34.5 31.0
30.0 35.0 7.0 3.0 @7 days 63.5 68.5 60. 0 66. 5
66. 0 62.0 66.0 @ 28 days 68.5 72.0 66. 0 70.0 69.5
75.0 - 74.0 Water absorp- tion @B~ days (% 2. 20 0.65
0. 80 1.41 1.46 1.43 . 1.69 Tabl e 6: Test Results
of Cenent Mortar with Mdified Mcrosil | ca Hydr ophobi c But ylI
Cal cium_ O eic. _Wax Siloxane Silic

Table 6: Test Resuits of Cement Mortar with Modﬁ' ed Mlcrosillw

Hydrophaobic Butyl Calcium Oleic Wax Siloxane Silicon

Compound None Stearate Stearate Acid Emulsion Emulsion

Compressive

Strength (MPa)

@ 1day 38.0 36.0 35.5 295 330 1.5 12.0

@7 days 665 63.0 §9.5 545 620 435 54.0

@ 28 days 760 780 730 780 710 73.5 76.5

Water absorp-

tion @ 7 days

(%) 212 063 0.78 161 170 1.43 204

Table 7: Test Results of Cement Mortar with Modified Metakaolin

Hydraphobic Butyl Calclum Olelc Wax Slioxane  Silicon
Compound None Stearate Stearate Acid Emulsion Emulsion
Compressive

Strength (MPa)

@ 1day 33.0 32.0 305 33.0 330 1.0 2.5

@ 7 days 62.5 63.0 64.0 65.0 64.0 60.5 §6.0

@ 28 days 650 675 64.0 710 68.0 71.0 72.0
Water absorp-

fion @ 7 days

(%) 2.30 0.58 0.63 1.29 1.42 1.53 1.66

The above study shows that the waterproofing addifive can effectively reduce the water



Conmpound None Stearate Stearate Acid Enulsion Enmul si on

Conpressive Strength (MPa) @1 day 38.0 36.0 35.5 29.5
33.0 1.5 12.0 @7 days 66. 5 63.0 59.5 54.5 62.0
43.5 54.0 @28 days 76.0 78.0 73.0 79.0 71.0 73.5
76.5 Water absorp- tion @7 days (% 2.12 0. 63 0.79

1.61 1.70 1.43 2.04 Tabl e 7: Test Results of Cenent Mortar

wi th Modified Metakaolin Hydrophobic . But yl Calcium deic
Wax Sl oxane Silicon Conpound -8-None Stearate Stearate Acid

Enmul si on Enmul sion Conpressive Strength (MPa) @1 day

33.0 32.0 30.5 33.0 33.0 1.0 2.5 @7 days 62.5
63.0 4 0. . , 8 S : 67.5
os 0  absorgtiongf e Berrthy Wnie gty nq ot e uvehes i on the 28 cive
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due to the different sources of cement available at the different times of testing.
Therefore comparison should be restricted to within each group of tests. Pozzolans

modified with butyl stearate showed the best combined performance in term of strength
development and water absorption. '

Similar mortars could be prepared using a mixture of more than one waterproofing
additive. More than one pozzolanic matetial could be used, and the or each pozzolanic
material could be modified with the same or different hydrophobic materials or with more
than one hydrophobic material.

EXAMPLE 2 - Watetproofing for Concrete

The effectiveness of the waterproofing additive on concrete is demonstrated by the
following study.

The modified pozzolanic material employed in this study was densified silica fume (as
described in detall in relation to example 1) modified with 10% butyt stearate. Other
pozzolanic materials modified with butyl stearate are expected to perform similar or
better as shown in the cement mortar studies. Two typical water to cement (w/c) ratios
of 0.36 and 0.45 were used in this study and the dosage levels of the modified sitica
fume (MSF) were at 5% and 10% by weight of the total binder (cement + silica fume)
content. The concrete mixture proportions and the test resuits are shown in tables 8
and 9, one table for each of the water : cement ratios.

The concretes were prepared in a concrete drum mixer. The cement (OPC), densified
silica fume and the liquid superplasticizer (high range water reducing agent: HRWRA)
were oommerclally' available materials. The fresh properties and strength of the



absorption of the cement while generally no or little adverse effect on the
28 days conpressive strength was observed. In fact, in many cases increased
conpressive strength was observed. The fluctuation in the strength data of
the plain nortars was due to the different sources of cenent avail able at
the different times of testing. Therefore conparison should be restricted
to within each group of tests. Pozzolﬂns nodi fied with butyl stearate
showed t he best conbi ned perfornance‘in“tern1of strength devel opnent and
wat er absor pti on. Simlar nortars could be prepared using a m xture of
nore than one waterproofing additive. Mre than one pozzol anic materi al
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shown i NT4bkes; TesMREEulERE Cadicrété (eHt@S cemémt=0.38)i cal water to cenent (w c)
OBt Gt STatvaRCIe ro—-ev-e of

) F2t he tot al
bi nder (cenment + silica fune) @oMSFyt. The coski%te ni xtureat@@%portions and

t he testM - he
) iﬁﬁ;ﬁ%ﬁﬂn -
wat er: cenent ratlos. The concretes were prepared in a concrete drum

m xer. TRABCH@ent (OPC), densi4d%d silica funmd®nd the |iquft®
super pl agafdykgier (hi gh range wpdger reduci ng agget: HRWRA) wegee commercially
avai | abl gto%[kgfl als. The fresh.‘&yaopert I es and"§é3rengt h of t}&fm

Water (kg) 151 151 151
Modified Silica Fume (kg) - 21 42
HRWRA (L/100 kg Binder) 1.2 1.3 2.0
Results

Initial Stump (mm) 155 200 200
Initial Setfing Time (hrs:min) 7:45 Not tested 11:00
Final Setting Time (hrs:min) 8:35 Not tested 1315
Compressive Strength (MPa)

@ 1day 47.0 355 30.0
‘@ 3days 64.0 . 58.0 53.0
@ 7 days 725 70.0 68.5
@ 28 days 78.0 79.0 78.0
@ 586 days 78.5 84.0 82.0
Water absorption (%) _
@7 days 1.83 0.86 0.85
@ 28 days 1.80 0.76 0.59
Water penetration

@ 28 days (mm) 15.0 3.0 1.0
Rapid Chioride Penetration

@ 28 days (Coulombs) 2889 1130 479




-10- concrete were tested according to the guidelines set in BS 1881.
The water absorption was tested at 7 and 28 days in accordance with BS 1881
Part 122. The water penetration was tested at 28 days according to DIN
1048 and the rapid chloride penetration test was carried out at 28 days

according to ASTM 1202. Tabl e 8: Test Results of Concrete (water

cenent =0. 36) Materials Pl ai n VSF- 1
VBF- 2 (no MSF) at 5% at
10% M xture Proportion OPC (kg) -11- 420 399
378 Sand. (kg) 786 786 786
St one (kg) 1063 1063 1063
Wat er 151 151 151
Modi f i e%ﬂ‘? Eﬁ“ﬁfﬁ'ﬂ“ﬁgj’"m‘?(‘“‘ﬂ“°°f“°"‘=°-45) 21 42 HRWRA
(L/ 100 kmjatesiisier ) Plain 1. 3MSF-1 M8FQ Results
Initial Slunp (MM o 200
Initial Sefting Tipe (hrs:m n)&o“’w%f! at‘r’“/'i%lot tested at 10% 11: 00
Fi nal SeMbdweyProportion hrs: min) 9:35 Not tested 13: 15
Corrpressbp@(@t)rengt h (NPa) @ laghay g1 47.0 342
35.5 0 @3 day_? 64.0 58.0
53.0 @ 758nd ko) 82 75 5 782 70.0 782 88.5
@ 28 dayStone (kg) 76. (057 10579. 0 1087 78.0 @58
days W 76.5 84.0 2.0 Water
absorpti or?te { ).@7 days 171 1. y?? 17 0. 86
0. 85 @2@@“@*’“’“@(@ = 1.80 19 0.76 38 0. 59
Wat er peHRWRA (100 Bihdér) days (nojp 125.0 14 3.0
1.0 Rapi a a'“lt;crivc Pefet+ati-on .

Initial Slump (mm) 130 140 108

Initial Setting Time (hrs:min) 5:30 5:25 6:00

Final Setting Time (hrs:min) 6:45 7:00 7:25

Compressive Strength (MPa)

@ 1day 325 3158 27.0

@ 3days 495 47.0 44.0

@7days 57.0 §7.5 56.5

@ 28 days 65.0 | 68.0 64.5

@ 58 days 65.5 70.0 69.5

Water absorption (%)

@ 7 days 2.28 1.02 0.78

@ 28 days 2.20 0.99 0.70

Water penetration

@ 28 days (mm) 25.0 6.0 16

Rapid Chloride Penetration

@ 28 days (Coulombs) 2841 1763 712

The results show that the compressive strength of the concrete modified with 5-10% of
the particular waterproofing additive can be maintained or increased by up to 4% and
10% at 28 days and 56 days respectively. The water permeability, water absorption and
chloride permeability are drastically reduced. Even at a water/cement ratio of 0.45 and
an addition of 5% modified silica fume, the water penetration was only 6 mm, which is



@ 28 days (Coul onbs) 2889 1130 479
Table 9: Test Results of Concrete (water: cenment = 0.45) Materials

Pl ai n VBF- 1 VBF- 2 (No
VBF) at 5% " at 10% M xture Proportion OPC (kg)

380 361 342 Sand (kg) 782
782 782 Stone (kg) _ 1057 1057
1057 water (kg) 171 171 171
Modi fied Silica Fune (kg) -12 - 19 38 HRWRA
(L/100 Bi nder) 0. 1.2 1.4 Results
Initial Slunp (MM 130 140 105

Initial Settlng Tinme (hrs:mn : 00
Fi nal Sdaf ibelpwithe gq),rrgmn(ayeragenpenetrahon as speqiﬁq;b in ENV206 for water 25

?C,:i.rrgr es smﬁ@nﬁéﬁlﬁ@%@g‘%@ @T g%;%aébsomtlon can also be coagoléi% o below 1%.

47.0
44.0 @7 days 57.0 57.5 56.5
c%ig daYSifferent waterproofi ng gdgﬁi'éeg or mixtures of a%;ti\(f@ af described for eﬁ@“ﬁé\,@ ) g 58
absor pt i could b$ uged irepmeparing concrete as for this exafiple. 1.02
0.78 @ 28 days .20 0.99
0.70 Water penetration @28 days (m*r) 25.0 6.0
i7g3RaDIMRLE SieWEtéﬁSE:ﬁiﬂon@aﬁclé(é’S (Coul onbs) 2641

One of the addifional benefits of the novel waterproofing additives described above is
the reduced water sorptivity of the modified concrete. The sorpfivity test is in fact similar
to the surface water absorption test. The only difference is that the specimen in this
case s not fully immersed in water, instead only the bottom face of the test specimen

- is placed in contact with water. In this way capillary suction can be directly visually
menitored by observing the height increase of the wetted areas, or by measurement of
the weight gain. The following example demonstrates the sorptivity behaviour of the
concrete under capillary forces.

The concrete mixture proportions used for the test were the same as given in example
2 with 10% addition of modified silica fume. Additionally, a concrete with 10%
~ unmodified silica fume was prepared for comparison. The concrete was cuted for 28
days and core samples having dimensions of 75 mm in diameter and 75 mm in height
were taken. The samples were coated with an epoxy resin over the length of the
longitudinal faces and were dried In an oven at 106°C for 3 days and cooled in a
desliccator for 1 day before the test. The test specimen was placed in contact with water
at the bottom surface of the cylinder and the weight gain of the specimen was measured
after 30 and 80 minutes and 24 hours of water contact. The specimens were split into

two halves after 24 hours and the height of the wetted areas were measured. The
results are shown in table 10.



The results show that the conpressive strength of the concrete nodified
with 5-10% of the particular waterproofing additive can be naintai ned or

i ncreased by up to 4% and 10% at 28 days and 56 days respectively. The

wat er perneability, water absorption and chloride perneability are
drastically reduced. Even at a water/cenent ratio of 0.45 and an addition
of 5% nodified silica fune, the water penetration was only 6 nm which is
-12- far below the 20 nm (average) penetration as specified in ENV206 for
wat er i nperneabl e concrete. The water-4@sorption can also be controlled to
bel ow 1% D fferent waterproofing additives, or mxtures of additives, as
described for exanple 1 could be used in preparing concrete as for this
exanpl e. EXAMPLE 3 - Water_ Sor t|V|t of Concrete One of the additional
benet i ¢ sTae 1hEomBRraen wvéeraom@ Epperete-Siiga Ettpe Genfrna Sonareienin
reduced Madmastmp’hmmty of the rmdlfled concrete The sorptlwty test is
in fact " - A : 3 e er-ence i s

that the ] Vo Arero st ead only
the bottWiSRalie of the test03§pe00#ien is 93$6ace§45n cont actomthoﬁt er. In

DSEr Vi ng

eft i
t he hei ght mcregse of the vvetted ar eas,_or bé measur enent . of iﬁe wei ght
gai n. Th@ 34PRown ng exanpl &Xemohirat est¥he 38 ptivity fhavi 88r of the
concret e@®min capillary faaes.75 The chacret® m xture @®poriBons used
for the holfy € the sane qag i in eyl 78 Wi th 10%qddi gijon of
nmodi fi ed@ﬁf Ica fume. Addi tisc?nal ?fé] a concretg W th 10% unm)dl fied silica
fume was Hplabysf weltpdrasea conparison. The concrete was cured for 28 days and

core sarr@gehdwm di rensiggns 0§3 75 mMmag di ggeter and 7 mm ae hei ght

it is evident that the sorptivity of silica fume concrete is still very high, due to the
presence of fine capillary pores. The hydrophobically modified silica fume is highly
effective in reducing the capillary suction of the concrete, which is highly beneficial for
a durable concrete so as to prevent rising damp and formation of efflorescence, reduce
the build up of chloride and sulfate concentrations at the tidal and splash zones of
marine concrete, minimize freeze-thaw damage and reduce algal growth on the
concrete's surface.

In summary, the improved waterproofing additives described above have been observed
to provide an improved and economical solution to produce highly durable water
impermeable and damp-proof concrete which is able to overcome the disadvantages
of the relatively high water absorption of waterproofed concrete containing sliica fume
and the reduced compressive strength, relatively high water permeability of
waterproofed concrete containing hydrophobic compounds. It was found that
waterproofing concrete can be produced with the addition of a modified pozzolanic
composition to meet the water impermeability of concrete as specified in ENV 206 and
the water absorption of less than 1% tested in accordance with BS1881 : Part 122.

As described in the examples above, pozzolanic materials are used as carriers for the
hydrophobic compounds and therefore a pre-emulsifying is not necessary, providing a



were taken. The sanples were coated with an epoxy resin over the | ength of
the |l ongitudinal faces and were dried in an oven at 105C for 3 days and
cooled in a desiccator for 1 day before the test The test speci nen was

pl aced in contact with water at the bottom surface of the cylinder and the
wei ght gain of the specimen was neasured after 30 and 60 m nutes and 24
hours of water contact. The specinens were split into two halves after 24
hours and the height of the wetted areas were neasured. The results are
shown in table 10. -14 - -13 -
Tabl e 10: Conparison of Water Sorptivity of Pl ai n Concrete, Silica Fune
Concrete and Concrete with Modified Silica Funme Concrete

Pl ai n SF- Concr et e VBF- Concr et e WC Rati o

0.36 0. sHbstantial agivagtage ayer the prior art. The pozeplanappaasm to adias 3 TgRciRROr®: n
2.5 4. 0
23 fler b& reacﬁng withthé hydratlon prco%cté o{@ﬂ%ﬁ Q%Oul‘rﬁgo Horfh insoluble pret:lpli:amt%2 o
1o 2 17wt;|ch reduce the porosity andmee pore size ofdhe cementpaste-2At thesame timp the 51

ivity

oF si | | (abeiibed hikiiophobic compoling is bollVed 10 iR toerd ind dffwatcliniial ¥
capi | | argf meroeacrefdnanﬂymmpﬂwurapﬂabic lapeti dtithel condretessdrfave arel thegdlls of
effectlv in r.educ ction o he.concr te, ichois
oty LBl HAL: Baras whith 1538 an efecivB BRined Bogiost ARIBR SioR o MR THE 1o
for mat i ofowsl vﬁtétmmhgemﬁvésedamibh | ébﬁabbue Ive [beeh folhd to peovidel ashighigt e
concentra I ons at t Spl as Z0 ILhe congrete, I m ze
fr eeze- t RAVANBARAYS gﬂ'ﬁ@“ﬂ!“g@"ﬁwﬂﬁi’ﬁﬁl W@%&HH‘F@(‘%& e?ﬂf’fg“ﬂ?
gg?;?\f/g ap?d%? W&éﬂiﬁawﬂé%%ﬂsuah Willrprooting GRERes R vet) Suaightsrvaraen

and does not differ from the normal use of silica fume in concrete production. In fact,

. the workability of fresh concrete containing the said novel watetproofing addifive has
been found to be better than the normal silica fume concrete, as the hydrophobic

compounds act as an internal lubricant for the cement particles.

The present invention may include any feature or combination of features disclosed
herein either implicitly or explicitly or any generalisation thereof irrespective of whether
it relates to the presently claimed invention. In view of the foregoing description it will
be evident to a person skilled in the art that various modifications may be made within
the scope of the invention.



to provide an inproved and econom cal solution to produce highly durable
wat er i npermeabl e and danp-proof concrete which is able to overcone the

di sadvant ages of the relatively high water absorption of waterproofed
concrete containing silica fune and the reduced conpressive strength,
relatively high water perneability of waterproofed concrete containing

hydr ophobi ¢ conpounds. It was found that waterproofing concrete can be
produced with the addition of a nodified pozzol anic conposition to neet the
wat er inperneability of concrete as sd8cified in ENV 206 and the water
absorption of |ess than 1%tested in accordance with BS1 1

As described in the exanpl es above, pozzolanic nateri alsTﬁi‘“luﬁmMﬁﬂH“‘
carriers for the hydrophobic conpougﬂiuﬁﬁf therefore a pre-emul sl twi g I*s
not necessary, providing a -

-14- substanti al advantage over the prior art The pozzol an appears to act
as a reactive pore filler by reacting with the hydration products of the

cenent tb form Awaternrpefing additive foncemeant and/oraphsiete, compsisingi at eash ane he
pore siz ; TéJE? :Rﬁf?éd%p‘ &?{ﬁw&l : zﬂ@ﬁéir bed hydr ophobi c
conpoundﬁ?égo%ré@e tE)nm gra Eﬁthgf\?%rst the arngf?/\%{Pg'} interface of the

concrete and form a hydrophobic |ayer at the concrete surface and the walls
of the capillar j ch f n eciiv arfi aj,nst il.lary
suction ©f wat e?A. %&%iﬁ%%? ﬂé‘ﬁ%%ﬁo‘ﬁ%‘h&%hﬁ?ﬁ@e@ %@%ﬁ] Hb%l pg%%‘g%'l"ﬁave
been f ounvitdrial pomptises ané iog aore of sitich Agne Unicissilical i tetakaoly.i di ng concrete
with both water | nperneable and danp- proof characteristics. The use of
such wat erproofing additives is very straightforward and does not differ

from thegnor mal AlsmtérprédfingCaddiive asiclaiisd & laithOZlUwhéih thé pb2sdlanithe
wor kability of fresh concréte containing the said novel waterproofing

addi tive a3l semprises silica furae gadimalerasiliénd- t he nornmal silica fume concrete,
as the hydrophobi c conpounds act as an internal lubricant for the cenment
particles. The present invention may include any feature or conbi nation

of featudes di sd oaterpreofinghadditiveasi clginied in glaim 3xwhersin ithe pozzelanic

ol ai mod TR cseres, MmarmRR Rl Bl gBieRoE sieh Rk Snd fibeSiEa B3 Cen!
to ﬁ' per sefgitkilled in the art that various nodifications nmay be nade
within

5. A waterproofing additive as claimed in any one of claims 2 to 4, wherein the
silica fume is densified silica fume.

6. A waterproofing additive as claimed in any one of claims 2 to §, wherein the
microsilica is refined natural microsilica.

7. A waterproofing additive as claimed in any preceding claim, wherein the
hydrophobic material is a metallic or organic soap of a paraffinic acid.

8. A waterproofing additive as claimed in any preceding claim, whereln the
_hydraphobic material is calclum stearate.

9, A waterproofing additive as claimed in any of claims 1 to 6, wherein the
hydrophobic material is an ester of a paraffinic acid.



the scope of the invention. 1. A wat er proofi ng
addi tive for cenent and/or concrete, conprising at |east one pozzol anic
material nodified with at |east one hydrophobic material. 2. A
wat er proofing additive as clained in claim1, wherein the pozzol anic
material conprises one or nore of silica furre mcros
3. A wat erproofing additive as clained in claim2, wherein the

pozzol anic material conprises silica fume and m cr05|,l |lm‘“wuﬂl“ﬂ ll!l“l“

wat er proofing additive as clainmed in-ciéai m 3, wherein t

material conprises apprOX| mat el y equal anounts of silica fime and

m crosilica by weight A wat erproofing additive as clained in any
one of ci&umsZ n t.he silica fune is densified silica fune.

6. wat er &ws%qm@@aa iaddifve-as elaimed in any of wlakme bio 6 whetsin the 5,
wher ei N fiftophdbi® fidtéridl id Butybétearfle Nat ural mcrosilica. 7. A

wat er proofing additive as clalned 1 n any preceding claim wherein the

hydr ophobic material is a netallic or organic soap of a paraffinic acid.

11. A waterproofing additive as claimed in any of claims 1 to 6, wherein
the hydrophobic material is oleic acld, a wax emulsion, siloxane or a silicon emulsion.

12. A waterproofing additive as claimed in any preceding claim, wherein the
pozzolanic material is modified with at least two hydrophobic materials.

13. A waterproofing additive as claimed in any preceding claim, wherein the
pozzolanic material is modified by spraying and/or blending with the hydrophobic
material(s).

14, A waterproofing additive as claimed in any preceding claim, comprising from
5 to 30% of total hydrophobic material(s) by weight of the pozzolanic matetial.

15. A waterproofing additive as claimed In claim 14, comprising around 10% of
total hydrophobic material(s) by weight of the pozzolanic material.

16. A cement mortar or concrete comprising a waterproofing additive as claimed
in any preceding claim.
17. A cement mortar or concrete as claimed in claim 16, comprising from 5 to

15% of the pozzolanic material by weight of cement.

18. A cement mortar or concrete as claimed in claim 16 or 17, having a water
absorption in accordance with BS1881 : Part 122 of less than 1%.

18. A method of preparing a waterproofing additive for cement and/or concrete,
comprising modifying a pozzolanic material by spraying and/or blending with a



8 A wat erproofing additive as clainmed in any preceding claim

wherei n the hydrophobic material is calciumstearate. 9. A

wat er proofing additive as clainmed in any of clains 1 to 6, wherein the
hydrophobic material is an ester of a paraffinic acid. 10.

A waterproofing additive as clainmed in any of clains 1 to 6, wherein the
hydr ophobi ¢ naterial is butyl stearate. 11. A wat erproofing additive
as claimed in any of clains 1 to 6, wherein the hydrophobic material is

ol eic acid, a wax enul sion, siloxane -of7-a silicon enul sion. 12. A

wat er proofing additive as clainmed in any preceding claim wherein the
pozzolanic material is nodified with at | east two hydrophobic materi al s.

13. A wat erproofing additive as clainmed in any preceding claim wherein
t he pozzBydaphobigmatedal. i s nodified by spraying and/or blending with the
hydr ophobi ¢ materi al (s). 14. A wat erproofing additive as clained in
any preceding claim conprising from6 to 30% of total hydrophobic

mat eri al 28) by vemgthodfas plaimed An|clairc 18awherein the step of sprayingiaadfaroof i ng

i or | 1 PNy BRfiRAed uihg oo SERAERRTnReg T 0 o forel vdrophonie

21. A method of preparing cement mortar or concrete comprising mixing cement,
sand and water with a waterproofing additive as claimed in any of ¢laims 1 to 15.

-

L



16.. A cenent nortar or concrete conprising a waterproofing additive as
claimed in any preceding claim 17. A cenent nortar or concrete as
clai'med in claim16, conprising from5 to 15% of the pozzolanic material by
wei ght of cenent 18. A cenent nortar or concrete as clainmed in claim
16 or 17, having a water absorption in accordance with BS1881: Part 122 of
| ess than 1% 19. A nethod of preparing a waterproofing additive for
cenment and/or concrete, conprising nodifying a pozzolanic nmaterial by
sprayi ng and/ or blending with a -18-

-17 - hydr ophobi ¢ materi al . 20. A nmethod as clainmed in claim19,
wherein the step of spraying and/or blending is perfornmed using a high
speed/ shear m xer. 21. A nmet hod of preparing cenent nortar or
concrete conprising mxing cenent, water with a waterproofing
additive as clainmed in any of clains 1 to 15.

WATERPROOFING ADDITIVE FOR CEMENT AND CONCRETE
COMPRISING MODIFIED POZZOLANIC MATERIALS

A waterproofing additive for cement and/or concrete comprising a pozzolanic material
(such as silica fume, refined natural microsilica or metakaolin) modified with a
hydrophobic material (such as butyl stearate, calcium stearate, oleic acid or a silicon
emuilsion).



