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INTRODUCTION

Concrete coatings is an extensive subject (hal encompasses a wide variey
of protective, functional, and decorative coatings. 'The choice of coanng is
determmined by the subsurate (concrele) comdition, environmental issues, and
the desired performance properties. Whatever the uliimare purpose of the
coating may be, i is crucial that we understand concrele as i substrate as
well as it proper suiface preparalisn.

Concrete is the most commmonly used building material. Ttis a misone of
waler, poriland cement, aggregates (sand. gravel), pozzolans (soda ash) and
alr {added on purpose). Water in Lthis mixtoure combines with cement o
form a rigid masgs called concrete, Usnally concrete is stirong however, envi-
ronroenLil elemenls like water and LIV radiation attack the surlace hoth
physically and chemically. Physical atlacks cause liilure; concrete being
prevroms, watter is absoched and released within the concrele and canses
spalling or cracking. 'L heretore, it is necessary to protect its sutace [rom dele-
rigration angd contamination by applving a coating. Surface preparation 1s
alse of prime imponance o the durability and adhesion ot applied coatings.
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This article will mainly foous on horzontal concrete
sicrfaces that require ooe-component [ 1K) proteciion.

Thers are several reasons (o coat these surlaces:

= Lo oseal fromn molsture 3ol help reduce dust

« Toimpart longer Bfe and beter wear

s o improve chemical resistance

sl iropart functienal properies—non-skid sur-
faces, staliv. contral, ete

Ter improve abragion resistance

T protect from coTrosion

Tor aesthelios

There are vatious technologies uwed tw provide con-
orede roanngs, They are:
* Avrylies {solventborne and waterborne)
Cpony
Urethanes
Palvuren

[lvbrids

These coalings serve funcional, protective, and dec-
crrafive pUIposes. Lo recent years, decoralve coulings
tor conerete have gained popularine and are primarily
based on aceylic emulsions, Fmalsions inchade pure
acrylic, actylic styrene, epoxy acrvlic and vinyl acrylic.
Lhis techmaology also provides protective and functional
value: chemical resistance, good corrosion wnd weath-
ering resistance, alkall cesistoeee, abrasion resislynee,
dir plck-up resistance, and good gloss, Most of the 1K
pigmented comimercidl coatings fall inw this calegory,

DISCUSSION

The vomcrete Toatkel s (we Main 1S8T SE2Ten Ly
protessional coniractors and homeowners or “do it
wommse ™ (DY) These two types of users bave dilferent
needs; the conracor needs a product that can be ap-
plied fast [or quick jol tumaround, aned meets mini-
mum pertoTmance projreries 1o avold warcanty diimes.
Since skill levels of contractors vary, the product most
also be easy wo use. Maint formulators Gace dillerent
challenges with homeowners since they may have min
imal application skills, do not prepare the surface
praperly, and aften skip insimictions.

[Tealih andl environmental issouey are a big concern,
as increasing governmernt regulations limiting organic
solvents (volatile organic componnds or ¥OUR] con-
dnue 1o e sexere, It is a Challenge 1o formulators and
resin producers w bring user triendly prodacts that
meel the performance level that the margket demands.

Lhese concems led to cenali restriciions in tech-
nologies for this marke. While higly solicls, solvent-
Boroe and twioe-component (2K systems can be wsed
by contractors, products For the LY market ave lmited
i T werterbome systems. This article Hmils s Tocus 1o
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| iTet:h nology Today

1K waterborne coalings for ditect-to-conerele apyplica .
Licrs,

Tow this mucket there are three dillerant procduct
classes—paints, stains, and sealers, All three can be pig-
mented o dear. Paint is designed lo fomm a continuous
film ewer the concrete 1o protect it and is usually pig-
mended. A stain is loweer in viscosity than pain and is
lormnlated fo peneirate the concretes Sains can be
[TANSPaTel, SemilHmnspatent, ol opaque, and are usi-
ally pigmented. Sealers, as theit name implies, seal the

cencrete and are generally clear.
While the product classes are different, they all share

the same perlonmance requiremenis. These are;
Waler resistance and wel adhesion

Tlot dre resistanee

Chemical resistance

Slitin resistance

Abrasion resisiance

Hardness

" 2 & & & @

The mrain dittferences in performance would be de
pendent e the application where i s Twing vsed.
Garage floor products and orher coatings (hat sew auto-
tinalaile traffic require ol Ure: resistance, water eslsl
ance, abreagion resistance, and chemical resistance 1o
houschold chemicals and aurcimotise Huids. Patio
slains, senlers, and paints need water and abrasion re-
sistance and goodd anti-stain properties. Porch and floct
Coatings requirs waler resistance and need w have: good
weal properties, Thus, the end use of the coating deter-
mines what balanee of propenties are rieeded (Figue 1),

B this study, the (ollowing properties were [ested
with regired 10 pigmented coalings:

o Warer resistance and wet adhesion
Taher abrasion resislance
Pendulum (Koenig) hardness
Hot tice pesistance
Chemical and stain resistance to houselhold
chwemivals and sutomotie Hoids

Figure 1—Phwysical prooersies needed for different coating types.
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Table 1—surfactant Influence on Costings Propetties

Test Property/Moating Coating A Loating B |
Safactant lewel oo oL L, 1 0.1

Hinimur filn farming tempeatare (*0) o, .19 23 [
Hot tire tesistance .o . ..., .. .. .., & 3

Water tesistance avd wul adhesion® ..., 1 3 [
Taber az@sion resistance (mg luslh .o .. 127 18z

FKoenig hardnass (sec) ool EL; a7

Cliical znd stain resistance® .. ... ... .. EF-E 41

il Besy s 20 baied oo 15 1271y L1 o nxing kest.
JE) Fesales o hazed or @ 1-5 raling as abives loe gigh Lchonéeal (uaximum 50].

For clear sealers, the tollowing properties were
Leslend:

* TWater resislalee

¢ Hot tite resistance

o Chemical and stain resistance to household
chemicals and automerive fluids

Influence of Surfactant Level in the Emulsion

warer-hased caalings comain emulsions which are
dispersed discrete particles in o byvdrophilic surfactanL
This surfactamt plays an important roie in end film
properties. ln esling of two coatings with the same for- |
mulation, with the excepton of surfactant level, (here
were marked] differences observed. 1o the example in
Table 1. Coating A bl the surfactant suppliers optimnal
surfactant level, Coating B was made at 10% ol thal
level i see how bower surfactant levels change coatings
properties due 1o changes in bvdrophobicity oy well as
ather properties,

The coating with less surfactant showed a mare hy-
drophobic nature and was harder, This translates o
Detter water resistance and poorer bot Lire resislance. A

Figure 2—Hal Lire tesistance of coating & {4oft] and coating B [rght].
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picture of the bat re resislance of coating A (Teft) and
Coating B [right} is shown in Feure 2.

PIGMENTED PAINTS, STAINS, AND SEALERS

Hot Tira Resistairce Testing

As Lhere s ne ASTM tes inethod fur hot tire piclap
resistance, test methods have been improvised. Hol Lire
resistance of coatings is difticult to pedform in a repro-
ducible manner thal also represemts what will happen
in real life sitwations. The test procedure developed
usedd a vehicle to park onthe coatings under conuelled
Lternperawure conditions. Tests were conducted using a
standard coating o checkt I there is w diflersnee he-
tween the four tives on the wehicle (tront/rear and
lelifright). Tests were also condneted right after driving
the vehide at highway speeds [or 30 min and nnder
contriled temperature conditions (72 22°C) 1o all
cazes there was no dilference o the hot tire test results.
Thus, all testing was conducted in an inferior location
At 72T The vehicle was a 4500 |b SUY wilh Maxxis
Bighorn ofl romd Lires. The softer off-road tives tended
to stain the coatings casier han other lires tested, ppro-
dcing o more sensitive test, Since tires contain all oil,
moal Lre staining is a resull of the migration of this
brownish oil, The more hydeopholsic the lilm is, the
preater the staining. Also, the softer the film, the
grealer endency there is Tor discolomation and detor-
mation from the tire. Coatings were applied on fest
blocks al constant film weight and dried at 7271 for 72
hr before being parked upon for eight hours under the
same conditions (Fewe 3), The coaings were raied on
i & B oseale, with & lwing best (ser rating criteria in
Appendix 1).

Coatings were tested for solids and a given solid
Tevel was applied to the test substrate with a paint
brush to simulale real lile coruditions. In all cases a
standard coating was included in each sl run (w con-
firrm reproducibility.

Water Rasistance and Wet Adhesion Testing

The: contings were applied on standard concrete
blocks. using the same method as in hot rive testing,
After 16 hr air cute, drv adhesion was tested using an x
seribe and e pull-off {Permace] tape). All coatings
rated a 5. The block was then Inmersed inowaler for
tme: honr and another tape pull off in ancther loca-
Uon was conducted aller a bnwel doy of the film, and
then tated again, Also rated was level ol Dlistering {%
area and sice ol Dlister) Testing ways also conduced
atter 72-hr and 24-hr immersion (Figure 4). The tal-
ings were (0t 5 with 5 being best (sce rating criteria
in Appendix 1.
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MMgirre 3—Ho! e resistance resclts for gicmented coatings.
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Figum A—Miatar vesistanue results for pigmerted ceatings.
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Tabe abrasion [or piginented coatings.
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Figure &—D0verall vesults far pigmented coatings.
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Figure 10—{verall results for pigmentad epoxy acndic coatings.
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Ficure 21 Dwerall results [or pigmented modified acrylics ano nan-
acrylic coatings.
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Figure 12 -Comparizan o coatings vesults,

‘Wimler
Ressiawc

Kuwnig
1 Humnes |4

U Teber
Ahrsinp
Loas{mg|

Cremscal Vo
Frsktance

—nBlizryliz Paint L — B Acrgdlc Maine T

—-AI9 Lpoay Acrgdic Palnt 2 — MBI Epowry Loyl Paiac 4

Chemical and Stain Testing

Chemical and siain resistance tests [or the following
chemicals are teported {Figure 5);
* hdusliard
Fed wine
Barlwegpe sauce
Brake fuid [TMOT 3)
Casoline
Iscxpronry] aleohol
SMuriatie acid
Windex®

L I I B I

Also tested and not reporied were radiator uid,
power steening fluid, coftee, and Formula 409, All the
coatings showed the same vesistance and thus thers was
no elifferentiation,

Ihe coatimgs were drawn down and allowed to diy
for seven days al room termperature. Spol tests wers
conducted for one hour and then the coatings were
rated 0-5 Tor ench chemical with 5 Iwing the best,
Results were then added, giving a total sating with 2
masimurn of 40,

Koenig Hardness

The coutings were drawn down 8 mils wet on glass
and allowed w dry for seven davs (Higuow 6.

Taber Abrasion

‘Lhe coalings were drawn down 10 mils wet on scoab
charts, They were then mn W00 cvcles with 1000-gram
weighls using C8-17 wheels {Fivure 7).

All pl‘ﬂr;r:‘.rl'u-‘.ﬁ were then raled 0 5 with 3 being the
hest, The results are chartes) in Figure 8 Lo Tacilitate
viewing, the producots have been broken out by resin
technology {Fiyures 9-12,

WY, cogtingstech, org
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Figure 13—Chemical resistance for ¢lear coalings.
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CLEAR PAINTS AND SEALERS

Clear coatings vseil on conerete have many proper-
ties, and these are both Tunctional as well as aestheric
i nature. Newer trends in conerele coatings have in
creased thwe use of clear coatings as stand-alone prad-
uets as well as topooals on statned or coated conoete,
This resulis in coated concrewe being used in archites
tural and indusirial applications whers iher materials
wete nsed inthe past

As a result of the diflerenl ways clear coatings are ap-
plied and wsed on conoete, thelr properties are not the
same as pigmented coatings. They tend o have very
low viscosity and solids 1o bedter penetrate the conerete
substrate. The low visoosity of the coating prevents con-
sistent film formation on the nonparous subsirates

Figuie 14—0verall resulis for clear coatings,
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nsed for testing, This makes v difficull wo tes) Tor hard-
ness and abeasion resistance. Due 1o these ditficulties
the mote applicable tesis are: water tesistance, het tine
registance, and chemicalfstain resislance.

Testing way condumed Lthe same wity as The g
mented coalings and is reponted in Figures 13 and 14,

‘Lhe coalings were drawn down and allowed to dry
foor seven days al [oom emiperalure Spol 1esls were
condirted for one hour and then the coatings were
rated 0-5 [or each chemical with 3 being the best,
Results were then added, giving a ol rating with a
maxireurn of 40 {Figure 13). “

e coutings were tated (-3 for chemical and stain

resistance, hol Ure resistanee, and water resistance with

5 being the best. Resulis were then added, giving a total
rating with a maxdmmum of 13 {Figure 14]).

CONCLUSIGN

One-component concrete coalings need different
properties depending on their intended application and
end use Becauss of the dilferent reguirenents from
professional contractors and consumers, theve arve limi-
tatioms on which techmelogies work (o ot The sl
rost-elleelive solulion for coaings companies is one
coating that can be used [or dillferent applications by
different types of users.@

APPENDIX 1: RATING SYSTEM FOR TESTS

Lot Lire resistance:
S—xo mpact on the Glm

4—Very light discoloration and ne film deterioration

3 Mouderate discoloration and no flm deterioration

2—Ileavy discoloration andfor light (ilm indentadon or deflormation
1—Heavy film indentation or deformarion and/or little loss of adhesion

00— Coraplete detetioration of the fikm

Water resistance, wet adhesion, and blisteong:

S—>™o impact on the film

4—Tass than 5% loss of adhesion or blistering and/for light seliening
3 Tess than 20% loss of adhesion or blistering and/or light sottening
2—Less than 50% lows of adhesion, severe sollening or heiney hlistering

1—Heavy little loss of adhesion; aver 50%
0 -Conplete deterdoration of the film

Chemical and stain resistance Lesting:
R- Wi impact on the film

A—very light discoloration and ne soltening or film deterioration

3—Moderate discoloration and/or light sottening and no film deterioration
2—eavy discoloration and/or moderate (1lm sofllening allowing casy deformation
1—ITeavy tilm soliening with litle loss ot adhesion

N —Complete deteriotation of the film

Kipenig Hardness

The coutings were rated versus the hardest caating with a hardness of 20 seconds,
o give a value of 0-5. Rating = (coating hardness ;| 90)73

Tabet Abrasion:

T contings were rled versus the coating witl the highest abrasion loss to give a

value of 0-5, with 5 bring the best,
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