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Mix Water Conditioner

A fechtical paper submitted to the ACY Committee 200, Durability of
Concrete, describing what it &s, what it does, and why you need it

How Mix Water Conditioner came inte being

When we Initiated MW development, wa began research in a prior era

.- the era jusd before developrment of chernicalfsvnthetic admixtires, Cray
research objectives were 1o find a consistently achievable way of farther
enhancing portland cement concrete using only natiral ingredients.

MW development began with the knowledge that to achieve its objectives,
which were to sipnificantly iImprove concrele performance and durability,
rwo critical goals were imperative. The first goal was to prodace conerete
with sipnificantly redeced peroveability. The second was 1 fimprove the
congrete microstrachere, This improvement woukd consisiently praduce
defect-free, extraordinarily textured coment paste, which is capable of
imprering congrete paste-sEivegate coniact zone areas. Through long hours
of ir-house testing, we fearned that MWC's conceptual gorls were consis-
tenthy achievable, without necessitating wse of outside mineral or chessical
admixtares, synthetic agents, water-reducer, or plasticizing agents.

After discussing whether MWC should be desipmated an admixdure o1 not,
we uftimately decided that it was not ¢n admixture and showid et be
consteved as one, This is becatse MW was designed to enhance mix
wiker's cement hpdration abilities and not affect i status otherwise. in
oiher words, should water already be considered snitable 10 vse as portlend
cement concrete mixing water {according 1o ASTM requirements), the
subseguent addition of MW does nod aher that status,

Furthermore, MW enhancemenis o conorete are not limited to only one
oF Lwrer facets, but encompass several facets, MW utibization significantly
andd beneficially affects concrete’s overall quakite/integrity,

We stbsequently learsed that the most advantageous and workable avenne
o SUCess was o utilize concrete's mixy water 25 the media into which we
wenshd introduce netural ingredients into the comerete mintore. We carefudly
setected inpredients that were capable of revolutionarily enhancing water’s
portiand cemeni hydration abiities. Purthermaore, we learned that these
same inpredients would generate prolific utilizetion, instead of evaporation,
of conarete’s “water of convenience.” This remarkeble series of discoveries
slowly developed into 2 unique product, which we calf Mix Water Condi-
sioner MW provides extzaordinary benefits for concrete through the
vepisturing of its mix warer hydration abilittes.

1 an economics} way, MWO significantly improves concrete quality and
therefivre it usefud lifespan/durabilicy, Infraseructural installations wil also
greashy beneft from MW use, especialby wheve MW benefits and cost are
compared 1 the complexity of use and cost of High Performance

Comerets (HPCY
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We began research ina
prior era... the erajust
before development of
chemical/synthetic
admixtures.

The first goal was to
produce concrete with
significantiy reduced
permeability. The
second was to improve
the concrete
microstructure,

In an economical way,
Mix Water Conditioner
significantly improves
concrete quality and
therefore its useful
lifespan/durability.
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What bappens during the manufacturing of portland cement
concrete without Mix Water Conditioner

Druring the manfactarning of portland cement conceete, prmediate violent
actions and reactions ooour as mik water initially contacts portlend cement,
Fhese aclions are necessary spd Impertany, sitkee they result in the by-
product produciion of a variety of calcium compounds in the concrete, Le.,
calcium hydreside, cafvium sulphate, ete. This occurs as meleculay portions
of cement’s wicalcium and dicalciom silicate are sphif off due to these mitial
hydrasion actions amb/or reactions.

These initial hydration actions and reactions, combined with oy water
ditusion, immediately and effsctively lower portland cement’s potency

facton, causing the comant paste which is initially produced 5o be of ex-
gremely poor o fair guality, The mitially-produeed portand cement paste,
almost immediately following initis! ydration, begins to absorb into or coat
concrcte aggregates, This happens even though later on, dee to the quality of
the cemeni paste, i1 may deleteriousty aflect iinished concrete integrity. The
resellan: conerete could have weak paste-aggregate bond strength andior
have low guality coment paste in the paste-aggregate contact Tone areas,
wossibly adversely affecting permeability, derability/useful {ilespan, ete,

How manufacturing is different when you use Mix Water
Conditioner

ROWC, however, alieviates the extremes violences novimally associated with
initial portiand cement hydration. The wse of MWC abso fowers heat
evoivement and allows for 4 smoother, maote gentle transition from initial
tvdration to full-biown hvdration, This significantly and bensfciaily sffacss
fydration by-product quaiity, Lo, calcivm hyvdroxide. MW provides
ingredients to mix water that will minimize porthand cement potency facior
loss ascribable tr aclions/resctions of itk hvdration ard mix waze
ditution. MW also provides ingredients to mix water that ingure that only
the highest attainable quality cernent paste is being produced, both fndtially
and sebsequently,

Mix waler which bas been conditioned with MW readily utifizes & percent
or moee of thee mie's already-included portland cement content, which in
furn increases its volume of cementitions matevial content. This happens
wibiont increasing the originally desigzed pee.cubicovard dry coment
vorlume, which Fowers the mix’s water-coment ratio. These extraordinariky
beneficial effects are due to MWC-conditioned min water's ability 1o more
readily and deeply absorb portland cement particles, postering each particle
to reore readily and move ofien shed #s mix weter generated hydrate
envelapes, allowing new ones to be quickly regenerated, This sction alone
generates witizarion of stgnificantly increased percentages of cach cement
partice whicl, in tern, geperates increased volumes of cernent pasief
tobermorte gel/C-8 8 (caicium silicate hydrate) per cement particle.

Soipe significant benefits achieved with Mix Water Conditioner

Listed below are several MWC-derived benefits gained from atilization of
ipcreased percentages of concrete min's alveady incloded portiand cement
CoTERL:

1. Resuftent concrete employs the smaller than wsual leftover
cementt particle cores, which became variousty sized throegh

increased cement ulthzazion, producing smaller than usual

i
;

Emnmediate violent
actions and reactions
GCCUE 28 MrixX watey
imitially contacts
portland cement . ..
causing the cemnent paste
which is initially
prodiuced to be of
extremely poor quality.

Mix Water Conditioner
lowers heat evolvenent
while aHowing a
smoother, more gentie
transition into portland
cement hydration.

Mix Water Conditionser
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readily utilizes 6 percent
more of concrete’s
already-included
portland cement
content.
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leftover cores to act as sandfaggregate. The smraller coment
particle cotes increase impermeability and density.

2. Produces cernent paste that is extraordinarily fine-textured
and hemogenous, provided with same charge panticle effect,
greatly reducing potential for internal voids, shrinkage, excessive
Bleedwater, internal microcracking, external cheeking, erazing,
plasticisestlement cracking, elc.

3. Extraordingrily kemegenous concrete with increased work-
alifity dus o Increased iobricity, et

4, Reduced cementitiows material waste and increased water
atilizatipn, which results i increased volumes of cementitious
material wilization per cement. particle, effectively lowering
wiler/cement ratic of nished canceete,

SF

. Generatian of more finely textured cement paste consisting of
stnaller-size gel poves with excellent aniformity and smaller
then wsual capillary povesfvoids. This is due to total mix water
atiiizalion, which resclts in increased hydration product
volutmes, These actions significantly lower ledal void percentages
and, thus, permeabidity,

6. Production of @ true shrinkage-compensating concrete,
compensated by production of increased volumes of internaliy
genierated hpdration product/C-5-F, which also virtually
eliminaies curl

Mix Water Conditioner achieves the lowest possible
permeability

From & durability viewpeint, i ks of crucial importance 1o achiove the very
iowest possible permeability in the shortest perioad of tirme possible, a feat
achieved each and every time when utiiizing MWO. Using MW consis-
tently prodices conerete with smaller, more segmented capillaries than
gzl

Permenbility in concrete means that pollutants or contaminents are aliowed
bos peneiraie inside s interior The degree of permaabilily diclutes whether
these poilutants/coniaminanis are readihremor sparingly-—allowed mpress,
Theralore, perraeshility, as well as the depree of permeabitivy, effectively and
divectly affect concrete’s durability, which transiates to wseful lfespan.

Comerete permeability is of critical interest because the integrity disintegra-
Lomfdeteniomtion of coporete is ustally caused by either {1) external agents
avising from concrete’s environment or (2} internal agents from within the
concrele isel, Permealdlity of concrete is very often increased further thag
required by inadvertant uge of porous aggregates or placement withowut
praper sure in a dimely manner,

Eor concrete made vsing normal weight ageregate, permeability is governed
b cement paste porosity and pore-size distribution. For example, fora
cement paste whaose total gol pore porasily islow, s permeability s very
low. HMowever, (he pormenbility of hydrated cement paste a5 0 whole i
asually greater than #ts ged porosity indicates because of larger capillary pore
presence, [ fact, #s permeability s penerathy controtied by the capillary
povosity and not gel porosity

Concrete paste capiliary porosity size is governed by concrete water-
cementtitions material ratio and degree of hydration, Therefore, MWC was

Mix Water Conditioner
consistently produces
concrete with smaller,
more segmented
capitlaries than nsual

MW was designed to
enhance both factors
{increased cementitions
material vohimes and
improved hydration
rates and processes)
through reposturing of
mix water’s hydration
abihities.
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designed to enhance bath factors (increased cementitious material volumnes
and improved hydration rates and processes) through reposturing of mix
wiater's bvdration abilities, MW can enhance already-existent conventional
mix designs with minimal change and withous hassle or undue complexity.

Simpiy by atlizing MW o condition o condrste’s Tix watey, increased
volumes of the already-included cernent content are wtilized, effectively
ratsing the volume of concrete’s cementitious material {om) content and
Further lowering ils waler/cement ratio.

Uizing MW alse sccelerates the portiand cement’s bydration rates and
process, which generates additional velumes of hydration prodect, oy
-5, i a sharter than normal time period. The faster the cement hiy-
drases, the fasier the hydrate produect?C-5-H is subsequently produced to [
capiliary voids, or original water spaces. This action alone effectively causes
concrete permeabibity (o decrease even further than ssual, A reduetion in
nermesbility also becomes even faster with the lower than ssual water-
cementitious material ratio, created by tilization of MWC,

Mix Water Conditioner and defect-free coment paste

Cenck prevension of newh-phliced concrele i exivemely Imporrant in
preserving long-range inteprity. In newly-placed concrete, there are three
insrinsic surface-visible dvpes of cracking to be concerned with: (1} plastic
cracks, {23 early age thermal ceacks, and {3) drying sheinkage cracks. All
three of these leave concrele more vulnerable fo contaminant ingress, MW
srovides ingresionts to min water that will effectively counteract root-causes
of these three types of sorface.visible early-age cracking,.

Sarface-visible cracking is not the only tvpe of cracking thal can vesult in
portland cement concrete integrity inferiority, however, There are also
internal defects ancd cracks to be coneerned with, susch a5 microcracking in
aggregate-cement praste contact zome areas. Aloms with what would have
been concrete’s normal permealbility, sppregate. coment paste zone arga
craclking (not surface-visihial has romendows effect on final concrete
permeability and vulnerability to embedded steed corrosion, thuey durabilitg)
gsefiul lifespas, Very often conerets will unswspectingly develop internat
defects/mivrocracks in areas between aggregates and cement paste, causing
COBCREEE 10 be wenker and more permeable i Hee moisturefwaier, oxypen,
and ather forms of aggressive madiz, The aggregate-cement paste contac
zOMe aress ave very ofien the weakest Bk in & concrete structiere heauase of
surface-invisible biced water voids, ay well as microcracking due 1o shrink.
age and elastic saismatch between coment paste and the aggregates.

frosically, this cement pasle, which ultimetely winds up in aggregate-cement
Paste Contact 2one areas, i initally produced during the effects of initial
hydration. Also, this cement paste by the paste which iniziaily absorbed into
or comtad the aggrepates. However, the aggregate coment paste absorption/
coating is frequently interfered with by bleed water coming from within the
AFHFCHENHS.

MW ingredients create extraordinarily homogenous portland cement paste
which significantly mindeizes nternalfextornal bleed water production,
atsributable to particle/aggrepate segregation, Dunng concrete hardening!
setting where interns! bleed water s present, there iy abwavs the possibility
that bieed water migrating upward may become trapped in horizontally-
sivatifled grain surfaces of the agpregates, leaving voids 0 contribute to
permeniniity. Excessive water bleeding and inefficlent packing of the cement
paste around affected apgrepates may aiso cause voids to be formed. These

C-S-H s produced to §l1
capiliary voids, or
original water spaces. A
reduction in
permeability also
becomes even faster with
the lower than usual
water/cernentitions
material ratio.

Aggregate-cement paste
zone area cracking {not
surface-visible) has
tremendous effect on
final concrete
permeability and
viinerability.

The aggregate-cement
paste contact zone areas
are very often the
weakest link in a
concrete structure,
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types of voids will net become flled with hvdration prodact, or ©-5-3,
during hydration. This coeates internal vold situations that potentially could
be more porous thay the entire matrix of the concrete would have been
withowt creation of the serface- invisible voids.

Ingeral void cxeation and its rood canses even farther promede the existence
of initial bond microcracls ar the interfaces between cortient paste gl
agprepates. Where concrete defects/microcracks rematn localived aned are not
conliguons, this is sot initlslby an extremely seriows situation, crcept fom a
prabable kow strengths {flexural, compressive} viewpoint, However, over
time, with the inevitabde occurrence of volume changes, frecze-thaw owles,
wetting-drving cveles, fatigue, alkali-apgregate reactions, elo, there s a
tendercy 1o greathy increase intarior mnd possibly exterior cracking, These
widening cracks serve fo further facilitate permeation of bguids, pellutants,
contaminants, iong, gases, #5¢, all of which can potentially destroy concrele’s
integrity and corrode Ha refforcement sieel.

Where MW 15 utilized to reposturefcondition concrete’s mix water,
enbhancing s portiand coment hydrarion abilities, U consistenthy produces
virtleatly defect-free coment paste, a3 well a5 additional volumes of paste per
cement particle. MW-prodiced coment paste addresses every imaginable
concrete adfment that is associated with portfand cement concrete and its
manuiseruring, and  afleviptes apdior eliminates all of the sforementioned
problems, including internal void crestion and cement paste-aggregate
coptact zone defects, inchuding microcracks. MWO wtilization efectively
incresses concrels impermeabiity, & tremendoasly important factor in
increasing concrete durability, which tramsiates to useful lifespan.

The problem of ctteringite and how it occurs

It is essential that hardened cament paste not undergo appreciable expan-
siom, especially expansion ender conditions of restraing, since this type of
expansion may resuls i disruption, ar cracking, of the hardened sement
paste, Chve canse for such expramsion is late-developmend cleringite in the
hardened paste, produced by reactions with excess gyvpsum or cabtitm
sulbphate in the cement. Calchiers sulphate along with calcmm hyroxide are
produced in portland cement during initial bydration. These are difficuds, if
not knpossible, to distingnish ope from: the other

Mormally in conorete produced wsing high strength cement, which generally
contains up to 11-12 pereent tricakcharm aluminate and 1-3 percent of
sypsim {such as ondinary Type Fand Tepe BE portland coment ), the
calcium sufphate/calcinm sulphoaluminate content that is produced in
condrets duving initlad hydration becomes wtifzed in peneration of benefi-
clab C-5-1 {calemm silicate Bvdrate), and the calcium suiphate or calcium
sulphoaluminase never adversely affecss the concrete, Howeves, where MWC
is not utilized, the possibility abways exists that tedal volume amount of
produced calcium solphate/Calcium suiphoahuminate may not get wtihized in
beneficiad C-5-H crestion. This is caused by one or more of the following
reasons: {1} an excessive amount of gypsun was ground i during cement
production, {2} inadvertant suiphate contamination of the concrete throogh
s mix waker or aggregates, or {3) a combination of hoth ciroumstances,
resuliing in varving voinmes of caicinm sulphate hydrates baing leflover and
anused m the kardened concrets to potentially ter on demrimentally veact,
which resubts b the creation of Bighly destructive interna! forces, Leftover
caleintn suiphates in hardened concrete polentially will create internal
expansion pressures through formation of calcium sulphoshuminale
{eperingiie], by combination with the coment’s hydrated tricalciom alomi-

Mix Water Conditioner
minimizes infernal/
external bleed water
preductien, atiributable
to particle/aggregate
segregation ... and
consistently produces
virtualy defect-free
cement paste, as well as
additional velumes of
paste per cement
particle.

leftover calcitun
sulphate in concrete is
liable to cause hardened
cement paste expansion
through formation of
calcium sulpho-
aluminate {etteringite}.
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nate conlent, n the presence of water of free medsture. Sonerete exhibising
this form of expansion is usually classified as unsound,

Prieringite i formed in other ways, such as in expansive coments, All typas
of expanaive cements produce calchm saiphosluminate hydrate
(etteringite) which causes expansion in plastic cemeni, Expansive cemeniy
are used in spectal applications, such as prevention of water leakage. |t
should be noted, howevey, that the eee of expanding cement cannet produce
shrinkiess concrete, as shrinkage will still occur following a wet curing, but
enagritude of sxpansion can be adjusted so expansion and subseguent
shrinkage are equal and apposite. Btteringite formation is created in con-
crete under sulphate attack. Concrete under attack by aggressive sulfates
usually takes on o whitish appearance. Damags usuaily starts at corners and
edges, followed by cracking and spalling of the concrete.

When portland cement s grount from dinker, gypsum is added in order w
erevens flash setting as waler corrtacts coment’s trcaleiirn aluminate
imgredient, Tricahiunm almminake & added to coment during ifs grinding
process because i is beneficial to coment production and facilitates the
combination of lime and sflica. Free lime is @ cement clinken
intercrystaliized with other compoumneds, Consequentiy, free Hime hydrates
very slowly and requires a farger voltme of space than the originef calchan
onzdes, The volume of pypaum added w coment is cruchal and depends on
sricalcium pluminate 2nd alkali content of cement. {ncreasing cement
particle fmeness has the effect of increasing its tricalciom sluminate quan-
tizy, avatiabie at carly stages of hydration, raming the gypsum requirement,
Artexgess of gvpsum added to clinker can besdd to expansion and comseguent
disruption of hardesed cement paste, especially if sulphates are present. The
essence iof sulphate atlack is the forimation of calensm sulphate (gypsum}
and caiciam sulphealnminate {etteringite), with both products requiring
grealer space volurmes than compounds they replaced. Thus, subsequent
disruption (cracking) of hardened concrete geeurs.

Gypsum b5 able to prevent flash setting of coment, as hydration takes place,
because gypawm guickiy reacts with teicaleivm alumimate so produce
ayteringite, The etteringite is harmibess at this stage because the coneseta is
stili plastic and expansion can be secommaodated. However, similar regotions
take place in hardened concrete when exposed to sulphates or excess
sypsum. Sulphates react with both caleium hydrostide and hyvdrated
tricalcium aluminate o onm gypsum aad etteringite, respectively, The
sxtent of sulphate stteck depends on copcentration and permeabyiiisy of
conerete, Le., ease with which sulphate can travel through the concrere pore
system. H concrete is very permeable and water can percolate right through
irs thickness, then calchun liydroxids will be leached out, Sidseguent
cvaporation at the far surface of conovete leaves behind celcium carbonate
doposits, lermed by reaction of free Hme wilh carbon diowdde, This whitish
deposit is generally known as eflorescence. Extertve leaching of caloham
iydroxide graduslly increases porasity so concrete becomes propressively
weaker and maors prone o attack. Sulphates, salts, chemucals, etc, anly attack
concrete when present in solugion, The velnerabilily of concrete to suiphate
artack can be reduced throvgh the use of sulphate.resistant cements;
however, the type of cemeny showid be of secondary importance, or of no
imporiance, epless concrete i denss and bas bow permealiiity, Water-
cementitions material content s & vital frotor since 2 high cementitious
material conternt fciiietes full compaction,

The essence of suiphate
attack is the formation
of calcium suiphate
{gypsum) and caicium
suiphoaluminate
{etteringite), with both
products reguiring
greater space volumes
than compounds they
replaced. Thus,
subsequent disruption
{cracking) of hardened
concrete oCCurs.

Water-cernentitiouns
material content isa
vital factor since a high
cementitious material
content facitates ful
Compaction.

Mix Water Conditioner
creates mixes so
extrordinarily
homaogenous that during
mixing, existing calcium
siphate residue is
totally utilized as
beneficial C-$-H.
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Why Mix Water Conditioner prevents etteringite

Late-developrrent etteringite cannot exist where MWC s vtilized in porte
land cement conergte mis water for many reasons. The first and most
prportant i extraordinarily ow permeability, sinee withowt ingress from
airberne sulphates or ground transmission sources, late-developrment
srferingite cannot exist, Even if leftover—or not utilized-—calcium sulpbate
were 1o eXist, reaction cannot teke place withowt the presence of fres water!
molstire,

MW hrepins preventing possibility of laje-development etteringite at the
earliest possible moment, during hydrolysis, creating stoother less volatile
transition into hydvation, Tt thus svelds the possibility of overproduction of
calciuim suiphate bydrates, significantly improving hrdrelysis by-product
guakity, translating to greatly irmproved Gnal C-5-H quality. MW effectively
creates mixes 5o estracrdinarity homeogenonus that during mixing, existing
calcinm sulphate residue i3 totalty wtilized as beneficial C-5-H.

MW provides inpredients that greashy ephance mix waler's poriiand
vement hydrating abilities, resulting in prodectzon of extraordinarily hard,
sowngd, fow permeability, ard truly shrinkage-compensated concrete that
gifectively resises cracking, orazing, internal microcracking, and every
aifrent that coald detrimentally affect permeability, end thes vulnerability,
MW virteally elimsinates the potential for adverse internal chemical
reactions and the need for expansive or other special cements,

Mix Water Conditioner and durability

The durability of 2 material is that certain property which indicates whethey
ot nak the mmaterial will endore, even though it may not be subjected to loads
safficient to destroy it Durability of partand coment concrete, then, s
defined a5 its ability o resist weathering action, chemica! attack, sbrasiom ov
any other process of deterioration,

Prarable concrete retains s origing forny, guakity, and serviceabiitny when
exposed to s environment. Durability of concrete is it most imporiant
property since it is essential that concrets be capable of withstanding
conditions for which # was designed, throughoot the vsefel Hegpan of the
strecture: Darsbilisy of concrete can be affected by mmamerable factors
such ay alterpate wotting-drying oycles, Freezing-thawing oyeles, aggressive
saiphate exposure, heating-cooling cydes, capillary water invasion, abrasion,
sorrosion of imbedded seeel reinforcement/other imbedded materials,
chemical contaminant reactions, aliali-aggregate reactions, salt deposition
by percolmting waler dissolving of calchum hydroxide andfor cortain othey
comstiteents by percokating waten dissobving of cement by certaln acids, ot

MW added to portland cement conerele mixing waten, pricr {0 onarete
manufactuving, signiticantly eleviates/eliminates alf of the above-men-
tigned durability deterioration factors m concorate and more. MW in mix
water consistenily produces conorete that is extraordinarily strong, hard and
mmpermeable,

Mix Water Conditioner
provides ingredients
resulting in production
of extraordinarily hard,
sound, low permeability,
and truly shrinkage-
compensated concrete.

Prurability of portland
cement concrete, then, is
defined as its ability {o
resist weathering action,
chemical attack,
abraston, or any other
process of deterioration.

Mix Water Conditioner
significantly aleviates/
eliminates durability
deterforation factors in
concrete,
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