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SYNOPSIS

Laboratory studies of mottling discoloration of hoi-
sontal concrete slabs are described, showing that
disceloration is incroated by hard frowaling, by uis
of calcium chloride admixtures, or by poor curing of
the slabt. Local discoloration can alss be caused by
nan-uniform curing conditions.

Avoiding the use of calelum chloride in hard-
trowaled flatwork weuld sliminate much fistwork dis-
celoralion, W calelum chloride ix necessary, ouring
pracedures recommended to minimize local discolora-
Hon are water ponding or me of sprayad membrans
curing sompounds. The offect of calcium chlorlde is
depsndant on the alkali content of the cement.

{mmediste and thorough washing of the concrete
satface with water sooms the sasiest way of "erasing”
discoloration. Special chemical treatmenis to erate
discoloration are of additional benafit.

INTROPUCTION

Surface discoloration of concrete Hatwork
is frequently a problem of concern. The
surface discoloration discussed here is the
non-uniformity of color or hue in a single
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concrete flatwork job. This discoloration
may take the form of: (1) gross color changes
in large areas of concrete caused as in Fig,
1{a) by changes in the concrete mix; (2)
spotted or mottled discoloration where
light or dark blotches appear on the flat-
work surface, as in Fig. 1{b); and (3) early
discoloration by light patches of “efflores.
cence”” These discolorations appear soon
after the fatwork has been placed and are
due in the latter two cases to the proce-
dures used to cast, finish, and cure the slab.

Some of the more obvious types of discol-
oration, such as dirt being blown or
tracked onto fresh concrete surfaces, will
not be discussed here. Stains caused by
spilling oil, paint, or other liquids on
concrete are also beyond the scope of this
paper.

The investigation was undertaken to
determine the effects of various concreting
procedures and concrete materials on Rat.
wotk discoloration, to study the priraary
causes of discoloration, ta develop an un.
derstanding of the mechanisms causing
discoloration, and to explore the methods
of preventing or remedying discoloration.
Field experience suggested that steel trow-
eling, calcium chloride admixtures, and
curing conditions are of impertance, and
these were chosen as primary variables.
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{a} Overall Yiew. Concrete in foreground contained
calcium chloride, that in back did net.

(b} Cleseup of surface.
Fig. | —A Drivevay with Gross Color Contrast and Motfling Discoloration.
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SCOPE

To attain better control of environment,
and be able to explore more variables, this
work was confined to the laboratory, Con-
crete slabs, mostly 1 foot square and 3 inch
deep, were used to study the effects of
finighing techniques, admixtures, curing,
cement properties, etc.

BASIC FACTORS AFFECTING THE COLOR
OF A CONCRETE

Three concrete variables found to be
important in establishing the color of con-
crete are the original color of the cement,
the water—cement ratio, and the extent
and rate of hydration of the ferrite phase
in cement.

Color of the Camant

Individual cements may differ in color.

‘Thus, substituting one cement for another
may change the color of concrete,

0.40
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Fig. 2 —Effect of Water-Cemant Ratio on Color of
Saven-Year-Old Pastes,
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Water-Cement Ratio

A low water—cement ratio paste is al-
most always darker than a high water-
cement ratio paste made with the same
portland cement, This is evident in Fig. 2,
which compares the color of mature pastes,
beth wet and dry, made with water—cement
ratios of 0.3, 04, 0.5, and 0.6 by weight,
All pastes were made wicth the same ce-
ment. Construction practices producing
localized areas of variable water—cement
ratio within a slab are potential canses of
discoloration.

Hydratlon of Cemant Ferrites

Unhydrated ferrite phases (iron com-
pounds) in cements are blackish-brown,
They are primarily responsible for the dark
color of uphydrated cement. Hydration
lightens their color; fully hydrated ferrites,
prepared as slurries of the pure phases,
range in color from white to dark red-
brown. Thus, lightening of the ferrite
phase by hydration is apparently the major
cause of cements and concretes becoming
lighter in hue as they hydrate,

Not all the ramifications of such color
changes are as yet clearly understood. The
presence and concentration of lime and
chemical admixtures may affect the final
color of the ferrite hydrates and hydrated
cement, as should such factors as carbona-
tion or the temperature at which hydration
OCcurs.

Calcium chloride is an established “ac-
celerator” that speeds up the hydration of
the silicates in cement, However, calcium
chloride retards the hydration of the alum-
inate and ferrite phases in cement, Retard-
ed ferrite phases that remain unhydrated in
cement will remain dark,

Cement alkalies moderate the actions of
calcivm chloride in concrete by reacting
with calcium chloride, thus precipitating
calciom hydroxide and leaving sodium or
potassium chloride in solution. These re-
action products do not significantly retard
the hydration of the ferrite phase in ce-
ment, and thus should not greatly delay the
lightening of the ferrites and cements by
hydration.

Fig. 8 illustrates the effect of calcium
chloride and alkalies on ferrite hydration.
Shown are curves of conduction calorimeter
rate of heat release for mixtures of synthet-
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Flg. 3 —Effect of CaCly and NaOH on Hydration of CiAFR

ic C,AF* (of the fineness of cement),
gypsum, and excess calcium hydroxide re-
acting in the presence of the indicated
solutions. These data show that the C;AF
in this system hydrates rapidly after about
8 hours in water. When the same mixture
reacts in 4 percent calcium chloride solu-
tion instead of water, the hydration rate is
greatly reduced. After 3 days, the hydration
in calcium chloride solution is only one-
fourth that of the same mixture in water,
However, if 2 percent NaOH is added to
the 4 percent calcium chloride solution, the
alkali almost overcomes the retardation
caused by the calcium chloride alone.

If the fexrite phases are initially unduly
retarded, there may be difficulty in subse-

uently hydrating them enough to lighten
them. Rapidly hydrating silicates, accel-
erated by calcium chloride admixtures,
preempt much of the water otherwise
available for hydrating the ferrite phases.
Physical compaction, such as woweling, can
decrease the water-cement ratio of the
top surface of the slab to the point where
water and space necessary for the hydration

#The formaula CAF i3 cetnent chemist's shorthand
for 4 Ca0-Al,0y+Fex0y (tetracalciom aluminofer-
rite) , considered to represent fairly well the com-
position of the ferrite phase in portiand cemenL
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of ferrite phases are not available, This
situation may produce indefinite delays in
hydrating and lightening this surface por-
tion of the concrete.

MATERIALS AMD TEST PROCEDURES

Concrots Maferials _

Six Type I cements were nsed in this
study. Their alkali contenis are given in
Table 1.

Well-graded Elgin sand and Elgin dolo-
mitic gravél (34-inch maximum size) were
the concrete aggregates.

For this work, most concrete mixes had 2
cement factor of 5 bags Ezr cubic yard of
concrete and a slump of about 3 inches.

Tesis indicated that the air content of
the concrete was not an important Eactor in
discoloration. Most concretes for these
studies contained § percent of air entrained
through the use of neutralized Vinsol resin
added at the mixer.

Unless otherwise stated, concretes with
“calcium chloride admixture” contained 2

rcent flake calcium chloride (CaCly+

H,0) by weight of cement. This caleivm
chloride was dissolved in the batch water,

Al concrete was mixed in a small pan-
type concrete mixer in a laboratory having
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TABLE 1—ALKAU CONTENTS OF TYPE | CEMENTS USED
{ASTM Standard C 114-85)

Water Solyble Alkalles, T Alkalies, To
Comant Camont Alkall Yoral —
Designotion Mo, Dasignetion NesO K0 ox NattO Mo 0 ox NagO
A rs 13 Low 0.003 0.0 0.0 0.04 .19 017
B LTS5 14 High o.M Q.66 o4 .06 130 092
c 20132 Medlym 005 Q.20 .18 246 0,50 0.59
3 20123 Low 0.02 0,04 0.04 0.0 ord Q.19
E 20134 High 0.05 096 0.58 011 1.38 1.02
E 20135 Medivm o.09 0.2¢ 0.28 0.26 0.5% 0.62

a temperature of 78 F and relative humid-
ity of 50 percent,

Casting

Almost all specimens were concrete slabs
1 foot square. These small slabs could be
handled easily, yet were larFe enough to
finish with ordinary hand tools,

Mast of the slabs were cast in 3-inch-deep,
waterproofed plastic-coated plywood moldl;.
However, to explore the effects of slab
thickfless and water absorption from a slab
by a dry subbase, 1-footsquare molds of
suitable depth were used to accommodate
slabs 3 inches and 6 inches deep without
any subbase, and slabs of these depths cast
above a 3-inch-deep compacted dry sand
subbase,

Several of the slab surfaces were “jitter-
bugged” to establish whether this pre-fin.
ishing procedure (which pushes down the
laxger aggregate particles, thus bringing
mortar to the surface) has a significant
effect upon concrete discoloration. A wire
potato masher with openings of 14 inch
served as the miniature jitterbug. By this
means, a mortar layer averaging 34 inches
in depth was brought to the surface of the
jitterbugged slabs,

Finishing

Most slabs were given a hard trowel
finish, using the following procedure. Im-
mediately after consolidation by rodding,
the concrete in the mold was struck off and
ﬁiven a quick, rough finish with a cork
gat' At thii tcilmi tlie slabs were lightly
£ to embed the larger a te I-
ticles at the slab h&tders.g;t a]i‘{g)::gt};m t]':;e
the bleed water receded into the slab
surface, the slabs were given a ]ight prelim-
inary steel wroweling and another edging
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pass. Unless the time of troweling was
under study, the final troweling was done
at the earliest time at which 2 suitable
finish could be obtained, Only hand tools
were wsed for finishing,

Curing

Experience has indicated thar curing of
concrete influences the tendency to dis
color. The curing procedures in these
laboratory tests were: :

{1} Air curing, After Anishing, concrete
was left uncovered in the molds for about
16 hours, the molds were stripped, and the
concrete slabs were allowed to dry and cure
in the 73°F, 50% R.H. environment. Gon-
crete that received this treatment is here.
after called air-cured,

(2} Hot room curing. After finishing,
uncovered slabs were stored in the molds
for abouc 16 hours in a hot room main-
tained at 100°F and 209, RH., then
stripped and stored completely uncovered
in the hot room,

(3) Polyethylene cure. After finishing,
the slab and mold were wrapped wi
olyethylene flm, to minimize moisture
ass, with no contact between the poly-
ethylene film and the slab surface. At 16
hours, the molds were removed and the
specimens were stored uncovered in the
same room in which they were cast. In some
instances, the sgecimens were put back
under the polyethylene covers for an addi-
tionatl two days.

(7} Burlap-polyethylene cure. After fin.
ishing, the slabs were put under a frame-
work on which pieces of wet burlap were
draped. Moisture was sealed in by an outer
covering of polyethylene film. After either
1 day or 3 days of burlap-polyethylene cure

Journal of The PCA Resoarch und



the specimens were exposed to the room
environment of 73°F and 509, R.H.

(%) Moist room cure. After finishing, the
slabs were put in a moist room at 73° F and
160% R.H. Until demolding on the day
after casting, the specimens were stored
under tenting material that kept the sur-
faces of the slabs from being disfigured by
water droplets.

{6} Membrane curing, Within 1 hour
after fnishing, proprietary membyane
curing compound was flowed onto the
surface with a fine paintbrush. No other
protection was provided for the concrete,
which was stored in the laboratory at 73° F
and 50%, R.H. The membrane was even-
tually removed by use of a solvent in order
to study the surface,

Subsaquant Exposurs or Traatment of Slabt

The uniformity or discoloration of dry
specimens was considered to be the crite-
rion of greatest importance; therefore the
specimens were dried before examination.

After the initial extent of discoloration
had been determined, the specimens were
treated by various procedures to determine
if the discoloration could be relieved. Such
ireatments usually consisted of washin
with water, treatment with strong alkal
solutions, acid washing, or the application
of other chemicals.

A number of the dried specimens were
stored in the Skokie QOutdoor Exposure
Plot o determine the effect of weathering
on digcoloration.

PRIMARY FACTORS CONTRIBUTING
TO DISCOLORATION OF FLATWORK

In these studies, no single factor seemed
to cause discoloration. However, combina-
tions of factors caused very severe discolora-
tion. Factors found to influence discolora-
tion were caleium chloride admixtures,
cement alkalies, hard-troweled surfaces, in-
adequate or inappropriate curing, con-
creting practices and finishing procedures
that cause surface variation of water—ement
ratio, and changes in the concrete mix. The
following discussion describes the influence
of these factors on concrete discoloration.

Caleium Chicride and Alkalies

These studies disclose two major types of
mottling discoloration that can result from
the interaction between cement alkalies
and calcium chloride, or from the separate
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effects of these twe components, The first
type consists of light spots on a dark
background and is characteristic of mix-
tures in which the ratic of cement alkalies
to calcium chloride is relatively low. The
second consists of dark spots on a light
background and is characteristic of mix-
tures in which the ratio of cement alkalies
to chlorides is relatively high. These types
will be called “light spot” and “dark spot”
discoloration, respectively.

The detailed discussion to follow will
show that in addition to the initdal xatio of
these two factors, certain aspects of placing,
finishing, and curing appear to aftect this
ratio and thus influence the type, degree,
and location of motding discoloration that
may develop. Whether an area will be light
or dark depends upon the amount and
degree of formation and deposition of
alkali chlorides and alkali carbonates at
the surface, and upon the hydration of the
ferrite phase in the particular area. Both
l.ylpes of discoloration are shown in Fig. 4.
All slabs in Fig. 4 were hard troweled and
air-cured (conditions that promate discol-
oration).

Fig. 4(a) shows the surface of 2 concrete
slab made with low-alkali cement A with-
out calcium chloride. The slab is free of
discoloration. Waahing did not alter its
appearance {see Fig, 4(b}).

Fig. 4(c) shows a similar concrete slab
made with high-alkali cement B, also with-
out calcium chloride, This slab is definitel
discolored with dark spots, but the discol-
oration is temporary and disappears when
the slab is treated five times by alternacely
hosing it thoroughly with water and drying
it overnight (see Fig. 4(d) ).

The slab of Fig. 4(e) is exactly like that
of 4@3& except <hat it contains calcium
chioride. The extreme discoloration is
characterized by light spots directly over
coatse aggregate particles near the concrete
surface, The dark surface matrix is over
relatively deep mortar, Severe discoloration
(Fig. 4(f)) was still evident on this slab
surface after the 5-day washing and drying .
treatment just described.

Fig. 4(g) shows the surface of a concreie
slab made with high-alkali cement B and
with calcium chloride. Except for the cal-
cium chloride, the slab is identical with the
(c) slab. The washing and drying treat-
ment alleviated the original discoloration
{see Fig. 4(h) ), but not as easily or success-
fully as for slab {c).
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Slabs e%, (0, (g, and (h} of Fig. 4
contain percent flake calcium chloride
by weight of cement. Higher percentages of
this accelerator are rarely intentionally
used in concrete. Available evidence indi-
cates that the magnitnde and permanence
of discoloration increases as the calcium
chloride concentration increases from 0 to 2
percent, provided other factors remain con-
stant.

The dark spot discoloration shown in
Figs. 4(c) and 4(g) appears to be caused by
alkali salts that migrate to the drying
concrete surface and concentrate in the
more porous or checked areas of the sur-
face. These deposits of salt aré relatively
transparent and continuous, Their optical
behavior is apparently similar to that of
water or clear oil, which will darken paste
when absorbed. Microscopic examination
indicated that the materials cansing dark
SEOI:S on slabs withaut calcium chloride
(Fig. 4(c) ) were alkali carbonates — reaction
products of cement alkalies and carbon
dioxide frem the air. Dark spots on slabs
containing calcium chloride (Fig. 4(g))
are primarily corystalline potassium and
sodium chioride — reaction products of ce-
ment alkalies and calcium chloride, The
simplest remedy for either type.of. dis-
coloration is to wash away the discoloring
salt with water. One washing was often
sufficient for the dark spot type of dis-
coloration which occur in the absence
of calcium chioride. 1f the concrete con-
tained calcium chloride, repeated washings
were necessary to remove the dark spots
completely. Somewhat inconclusive data
suggest that this washing treatment be-
comes less effective as the concrete ages.

The light spot type of discoloration (Fig.
4(c)) is particularly difficult to remedy.
However, washing or weathering causes the
dark background areas of these slabs to
lighten very slowly, approaching the color
of the lighter spots, It appears that discol-
oration by salts, such as that described for
the dark spot type of discoloration, is
telatively minor. The first washdown with
water perceptibly lightens the slab, proba-
bly by removing the relatively small amount
of salt at the slab surface,

The large areas of extremely tenacious
dark background remaining after the first
washdown do not appear to be the resul¢ of
salt deposits. Apparently, these are areas of
paste containing large amounts of retarded
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dark ferrite phases, because croweling has
densified the surface making it difficult for
hydration to continue.

The light spots on the surface of Fig,
4(¢) coincide “exactly with particles of
coarse aggregate close to the slab surface,
These relatively impermeable particles in-
terfere with the normal migration of chlo-
ride salis toward the drying surface of a
concrete slab, resulting in differences in the
extent of hydration of both the ferrite and
silicate phases. This produces light spots
{low calcium chloride content) over the
aggregate, which contrast with dark (high
calciom chloride content) surface areas
over deep mortar. The migration of chlo-
ride salts toward the drying surface of the
slab significantly increases the surface con-
centration of these salts. Limited chloride
analysis indicates that surface mortar of air-
dried slabs has three to four times the
original concentration of chloride,

Immediate and thorough flushing with
water tends to lessen the light spot type of
discoloration. Complete eradication may
require special chemical treatments dis.
cussed later.

In summary, the type of discoloration
produced is influenced by both the alkali
content of the cement and the calcium
chloride content, For example, air-cured
slabs made with low-alkali cement A and
3% percent calcium chloyide have dark spot
discoloration, and ones made with 2 per-
cent calcium chloride have light spot dis-
coloration. At the other extreme, air-cured
slabs made with high-alkali ¢cement E and
very high percentages of calcium chloride
(2bout 5 percent or greater) show light
spot discoloration in contrast to the dark
spot discoloration with lower amounts of
calcium chloride. The factor mainly de-
termining the type of discoloration in the
slab is the ratio of the alkalies to the
calcium chloride present in the concrete.
High and low ratios produce dark spot and
light spot discolorations, respectively.

Additional confirmation of the effects of
the ratio of alkali to calcium chloride was
obtained by adding sodium hydroxide (0.8
percent as Na, ) to air-cured slabs made
with low-alkali cements A and D, Dark
spot discoloration resulted. Discolorations
produced by adding sodium hydroxide 1o
the mix were similar to those encountered
with cements having a high content of
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potassium oxide, This suggests that sodium
and potassium are equivalent in their ef-
fects on discoloration.

‘The conversion of calcium chloride to
potassium or sedium chloride appears to be
the probable cause of basic changes from
light spot te dark spot discoloration, This
was investigated by using ¥ and 2 percent
sodium chloride in slabs made with low-
alkali cement A. Dark spot discoloration
resulted, which was remedied by four wash-
ing and drying treatments.

Turther complications are introduced
because the ratio of alkali to calcium
chlovide at the concrele surface is the
important factor. Curini effects, tempera-
ture of the slab, and other factors should
affect the rate of migration of salts to the
surface and the rate of hydration of the
cement, both of which may govern the type
of discoloration. One good example of such
rate effects is the variable discoloration
noted for concretes made with calcium
chloride and medium-alkali cements C and
F. Aircured slabs had dark spot discolora-
tion, Hotroom-cured slabs of the same
concrete had light spot discoloration.

Finishing

Hard Troweling. Discoloration is pri-
marily a problem with hard-troweled slabs
that have been either left smooth or
broomed lightly. It is rarely of importance
in concrete flatwork with rough-textured
surfaces produced by floating, burlap drags,
or rough brooming. Dark and light spot-
ting that typifies discoloration may appear
on rough-textured Ratwork, bue is easily lost
among the closely grouped highlights and
shadows on rough-finished concrete. More-
over, the rather porous, uncornpacted sur-
faces of rough-textured concrete flatwork
tend to have less spotting than well-com-
pacted, hard-troweled surfaces of similar
concrete,

Fig. 5, showing slabs that were cast at one
time, with identical concrete, illustrates the
effects of variations in finishing time wpon
the eventual discoloration of the concrete.
Low-alkali cement A and calcium chloride
admixture were used in these air-cured
slabs.

Fig, 5(aL shows a slab that was steel
troweled before the concrete was stiff
enongh to take a slick trowel finish. Slab
5(b) was finished 15 minutes afier the (a)
slab. Both slabs had a rough “orange peel”
finish. The (c) and (d) slags in Fig. 5 were
finished 45 minutes and 60 minutes, respec-
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tively, after the (a) slab. While both thess
slabs took an acceptable erowel finish, an
i_rnll-;lermediate tir;le would have been best.
e sequence of photopraphs B(a) through
5(d) sths that ol:rerall oolstcretg )disoolog-
tion of the light spot type gradually be-
comes more pronounced as a greater
amount of compactive effort is expended
in troweling. The progressively darker back-
ground discoloration with harder finishing
might be caused by the progressive com-
acting of the paste, which leaves less water
or hydration of the ferrite (which the cal-
cium chloride retards).

Limited data indicate that concretes
made with high-alkali cements are less
susceptible to accentuation of dark spot
discoloration by hard troweling.

Trowel Burning. Extreme disceloration is
caused by trowel burning, a blackening of
the surface resulting from aitempts to hard-
trowel concrete after it has become much
too stiff to trowel properly. Trowel metal
rubbed off onto the stiff concrete is a con-
ventional explanation for trowel burns.
Some of the trowel burn discoloration un-
doubtedly is due to abraded metal. How-
cver, since a troweled surface can be
“burned” by rubbing it vigorously with
plate glass, Jensifying a paste by troweling
to a point where the water—cement ratio is
drastically decreased appears to be the most
important cause of trowel burning. Even
the best curing does little to lessen trowel
burn discoloration, Such burns are also

nearly impaossible to remedy by subsequent
treatments,

Since it is difficult to remove wowel
burns, ways to avoid burning are very im-

rtant, Concrete that will stay finishable
ong enough for ]ﬁroper troweling should
help in avoiding the conditions leading to
trowel burns. A “finishable” concrete can
be described as one with a buttery texture
that is sufficiently stiff so that a slick trow-
eled surface does not degrade to a rough
“orange peel” suriace before the concrete
sets, and yet is still plastic enough o fill
small surl);ce irregularities without exces-
sive work. Cement composition is one fac-
tor that may influence concrete finishabil-
ity. For example, high calcivm aluminate
portland cements praduce surfaces that are
buttery for velatively long periods. At the
other extreme, the acceleration of hydra-
tion of cement silicates by calcium chloride
causes concrete to be buttery and finishable
for only short time periods.

Journal of The PCA Research ond



{c] Troweled at 2 hours and 45 minutes.

{d} Troweled at 3 hours,

Fig. 5 —Delaysd Hard Trawsling Increases Troweling Effort and Concrefe Disecloration,

To minimize trowel burns: (1) have an
adequate fnishing crew, (2) reduce evapo-
ration losses with sunshades and wind-
breaks, and (3) avoid the use of calcium
chloride where possible,

Curing Proceduret

Curing procedures have a significant
effect on discoloration, This study indicates
that the euring procedures chat are most
efficient in preventing evaporation from

Development Loboratories, Sepfember 1965

the entire concrete surface also produce the
most uniform slabs.

Effectiveness of Various Curing Proce-
dures, Fig. 6 shows the effects of different
curing procedures on the mottling discol-
oration of cement B and A concretes con-
taining calcium chloride admixture. Both
air-cured specimens, (a? and (g), were bad-
IL discolored. High-alkali concrete slabs
that were given 1 day of polyethylene cur-
ing, (b), or burlap-polyethylene curing,
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(?, or wete moist room cured, (d), dis-
played little discoloration, indicating the
cffectiveness of most curing procedures in
preventing such discoloration.

One day of burlap-polyethylene curing,
(g}, and moist curing, (h), appeared rea-
sonably effective in preventing discolora-
tion in low-alkali concrete slabs, One day
of curing under a poiyethylene film, (EI,
was not sufficient. The inadequacy of the 1-
day polyethylene cure in this instance sug-
gests that thoroughness of curing is essen-
tial to prevent discoloration of low-atkali
calcium chloride slabs,

Figs. 7(a) and 7(b} show the results of
membrane curing concretes made with
high-alkali B and low-alkali A cement and
a calcium chloride admixture. About 1
hour after trgweling, half of each slab was
painted with 2 membrane curing com-
pound, After |l day, the curing compound
was removed with a solvent.

Dririinally. the membrane-coated portion
of each slab vas extremely uniform in col-
or. When the|membrane was removed, the
low-alkali slab (b) remained free of discol-
oration, except for three membrane filled
inholes. Slab (a), however, shows small
ark alkali-salt smudges that kept reap-
pearing after jthey had been washed away
with water. Fdur washings were required to
permanently eliminate these s[;f:%.ges.

Early remoyal of membrane coatings is
not normal for concrete flatwork. Pro-
longed membrane protection appears to
make the coated portions even less suscepti-
ble to later salt discoloration if the mem-
brane is subsequently removed.

Uneven Curing, The overall color of the
air-cured portion of the slab in Fig, 7(a)
stayed noticeably darker than the mem-
brane-coated portion. This condition is
probably permanent, It is a good example
of discoloratign from umeven curing, To
prevent discgloration from this cause,
membrane cuting compound should be ap-
plied evenly and adequately, moist cover-
ings should be kept uniformly wet, and
plastic film cpvers should be thoroughly
anchored, :

“Greenhousé Effect.” Careless placing of
plastic curing! film on the surface of the
flatwork concrete containing calcium chlo-
ride may cauje unsightly effforescence de-
posits i addjtion to mottling discolora-
tion. A high fold in a waterproof curing
sheet can serve as a little “greenhouse.” On
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ta} High-Atkall
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{b)Low-Alkail |
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Fig, 7—High- and Low-Alkal Caemeonts sad in

Concrats Slabs with 2 Percent Calelum Chloride.

A Pottion of Each Slab Was Painted with Mambrans

Cwing Compound, Which Was Remaoved with Sol-
vont After One Day.

a hot day, under direct sunlight, the fold
becomes the location of a water evapora-
tion-condensation cycle. The heat of the
sun, aided perhaps by the heat of hydration
of the concrete, evaporates water from the
concrete under the fold. The water vapor
then condenses on the cool high part of the
fold and evenuually runs down the sides of
the film to collect at the points of intersec-
tion of the concrete and the film, or in low
places in the concrete surface. Such local-
ized dry and wet areas on fresh concrete
surfaces may cause concrete discoloration,

Laboratory tests were made to evaluate
this “greenhouse eflect.” Fig. 8{a) shows a
round hard-troweled slab, 414 in. thick, be-
ing cured beneath a folded sheet of clear
polyethylene. The concrete in this slab was
made with high-alkali cement B and calci-
um chloride. Application of the polyethyl
ene sheet to the concrete was delayed until
the concrete surface was firm enough not to
adhere to the polyethylend. A heat lamp
shining cn the concrete surface from a dis-
tance of about 4 feet provided the radiant
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en needed for the evaporation-conden-
asa.t.tiz'.'r%.'lJIF cycle; a fan cooled the high part of
the foid.

Fig. 8(a) is a photograph taken about 5
houri af(te)r the Etartwg; Euring. The dark
spots in the figure are due to liquid that
ﬁ‘ljﬂed the narrow spaces between the curing
sheet and the concrete surface. Slight ebbs
and flows, which were apparent during ob-
servation, indicate that the water was
definitely cycling beneath the polyethylene
cover; however, at this stage of the cure
relatively stable boundaries were estab-
lished between water-filled dark spaces in
contact areas and the light, droplet-
speckled tented areas where evaporation
was taking place.

Continuous curing vnder the heat lamp
was maintained for about 17 hours. Fig.
8(hb) shows the top suriace of the slab short-
ly after the curing sheet was removed.
White areas in this photograph match ex-
actly the areas where a thin liquid layer
contacted both the curing film and the con.
crete. Dark areas occur wherever the poly-
ethylene remained sufficiently out of con-
tact with the concrete surface to permit
evaporation to occur, Subsequent scrub-
bing with water, using a stiff bristle brush,
removed some of the concentrated white
efflorescence deposits, as shown in Fig. 8(c).
Application of very dilute hydrochlonice
acid removed the remaining efflorescence,
as shown in Fig. 8{d). The dark moutling
underneath the efflorescence was not re
moved by the acid wash. Soaking in 10 per-
cent caustic soda solution or allowing water
to stand overnight on the slab surface were
only moderately successful treatments for
reducing efflorescence and moitling discol-
oration,

Limjted tests indicate that it is difficult
to greatly discolor. calcium chloridefree
concrete by the “greenhouse effect.”

Miscellaneous Factors that Affect
Discoloration of Flatwork

Certain construction procedures may
tend to lessen or increase the discoloration
of concrete. Such procedures incude jitcer-
bugging, subgrade preparation, protection
of fresh concrete from evaporation, and
changes in concrete materia.ll:o during cast-
ing or finishing of the slab,

Jitterbugging. The use of a jitterbug to
bring mortar to the surface of a slab slight-
ly decreased mottling discoloration.
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Subgrade prepuration. Theoretically, the
moisture condition of the subgrade can be
considered a factor in discoloration. A dry
spot on the subgrade will absorb more wa-
ter from the overlying concrete slab than a
moist section of subgrade, Thus, a slab
placed on a subgrade of highly variable ab-
sorptive capacity will have areas of relative-
ly high and low water—-cement ratio, with
consequent light and dark hues,

It was anticipated that 3-inch-deep slabs
cast on a 3S-inch-deep dry sand subbase
would be relatively dark, the 6-inch-deep
slabs cast on the same type base a liule
lighter, and the comparable slabs cast in
watertight molds lighter yet. Certain slab
Eroups of this type cast from the same mix

chaved in just this way, but there were
sufficient exceptions to raise doubts about
subgrade absorption as a cause of strong
color contrasts. Nevertheless, moistening
the subgrade should improve the appear-
ance of the finish, since color variations due
to unequal absorption will be moderated
or eliminated. Another advantage is that
the fnish will be more uniform due to
greater uniformity of setting, for variable
setting can occur if there are surface patch.
es of wet and dry concrete.

Protecting concrete surfaces from wind
and sun. Heat accelerates hydration of ce-
ment. Heat and wind will dry a concrete
surface, decreasing the water-cement ratio
and increasing the concentration of sales at
the slab surface. Discoloration is possible if
one portion of a slab has a different expo-
sure to the wind and sun than another por-
tion. Thus, protecting fresh concrete from
the wind and sun are measures that help to
reduce discoloration.

Gross méx changes. Sometimes the con-
crete mix for a job must be adjusced. If the
adjusted mix has a color different from that
of the original mix, a two-toned job is an
inevitable result. The contrast can be mod-
erated by providing a construction joint at
the mix change line.

Fig. 1(a) shows an attempt made in the
field to shorten overall finishing time, by
switching to concrete containing calciwm
chloride, after Krst placing concrete with-
out an accelerator. The photograph was
made five vears after casting, The dark area
i8 a classic example of chloride discolora-
tion. Even if the mottling discoloration
had not occurred, the overall dark color of
the concrete containing calcium chloride
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{d) Results of Correctlve Treafments

Fig. 8~ "Greanhouss Effect” Discoloration of
» Hard Trowelad, High-Alkali Cement Slab
Containing 2 Percent Calcium Chloride.
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wouid have clashed with the lighter color

of the portion of the concrete that did not
contain this accelerator.

Retarded concrete has occasionally been
used in the same slab with unretardad con-
crete. This Eproocdure can also result in a
two-tone eftect.

The practices of dusting surfaces with
dry cement to speed RAnishing, or of smear-
ing mortar or cement paste on the surface
of concrete already too hard to trowel
properly, will generally result in discolora-
tion.

Quidoor Exposurs of Laboratory Specimens

Both discolored and clear slabs were
stored outside durin%the winter and spring
of 1965-66, Clear slabs showed no apprec-
able discoloration after this exposure. Dis-
coloration that could not be remedied by
five laboratory washing and drying treat-
ments was not appreciably affected by the
outdoor exposure,

CHEMICAL REMEDIES FOR DISCOLORATION

Some success has been achieved in im-
proving the appearance of discolored slabs
through the use of a strong lye wash, Dry
discolored slabs were covered with a 10 per-
cent solution of sodium hydroxide {caustic
soda) for a day or two and then thoroughly
washed to remave the caustic solution.
During the subsequent drying period, the
discolored portion of the concrete often
blended with the rest of the slab surface,
The older che discolored concrete is, the
less effective is this or any other known
remedy.

Strong acid washes were found to be a
goor treatment for mottling discoloration,

trong acid washes were hard to control,
and usually either caused no perceptible
improvement in the appearance of the sur-
face or etched so much of the paste away
from the slab surface that the finish was
lost and considerable aggregate was exposed,

One chemical, with an action much like
that of a very mild acid, appears to have
real potential in “erasing” discoloration.
Di-ammoniom citrate, (NH,)oHCHyO,
slowly attacks calcium carbonate, calcivm
hydoxide, and other cement constituents,
The chemical is a diuretic, but otherwise
relatively harmless to man. When applied
to a dry discolored surface, the ammonium
citrate penetrates the surface, digests the in-
dicated paste constituents, and makes the
surface more porous. After treatment, wa-
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ter can penetrate more readily into the sur-
face region to promote hydration and
lightenin% of cement constituents. Anr im-
mediate ightenin% of the surface by this
treatment results from the formation and
deposition of silica gel and calcivm citrate,
formed by the reaction of the ammonium
citrate and cement paste. After drying, the
"gel becomes a very tenacious light-colored
coating,

Fig. 9 shows a badly discolored slab, the
light pertion of which resulted from two
ammoninm citrate treatments (described
below). Some of the lightening is caused by
the gel “whitewash,” but there has also
been a pronounced change in the nature of
the discoloration. Further treatments with
the chemical, alternated with wetting and
drying, produced even more lightening of
the concrete surface and made the treated
surface even more uniform in color,

The slab in Fig. 9 was given what ap-
peats to be the most efficient ammonium
citrate treatment. The procedure is: (1)
Apply a 20 to 30 percent water solution of
di-ammonium citrate on dry concrete. (23
Continuously and lightly brush the treate
area to maintain a uniform Alm of clear
liquid on the surface, About 5 minutes aft-
er application, the liguid on the concrete
surface will start to turn into a white gel.
More water must be applied so the gel does
not stiffen or dry. (§) Continue to stiy and
brush this coating around on the concrete
surface for about 15 more minutes after
gelation, (4) Thoroughly clean all the gel
from the surface with a stream of water and
vigorous brushing.

Because the citrate solution must pene-
trate the concrete surface for efficient re-
moval of discoloration, the second treat-
ment should be deferred umil after the
concrete has had an opportunity to dry.
After ammonium citrate treatment, the
uniformity of the surface can be improved
still further by alternate wetting with wa-
ter and drying. Use of the above treatment
on portions of a slab is not recommended,
since contrasting light patches of surface
will result. The whole slab should be treat-
ed to obtain maximum uniformity.

Ammonium citrate treatment has also
been used for deaning concrete surfaces
that were discolored by form-oil spots. It
may also be useful in treating other blem-
ishes of formed concrete surfaces.
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Fig. 9= Half of This Slab Was Trested with Di-
Ammonium Citrate to Romove Light Spot Dissoloration,

CONCLUSIONS

1. The discoloration of a slab may be
minimized or prevented by moistening ab-
sorptive subgrades, proper scheduling of
placing and finishing, good finishing prac-
tice, protection of concrete from drying by
the wind and sun, and proper curing.

2. Calcium chloride in concrete is a pri-
mary cause of concrete discoloration. The
chances for discoloration are much less if
calcium chloride is not used.

8. High-alkali contents moderate discol-
oration in concretes containing calcium
chloride by counteracting the retarding
effect of the chloride on the hydration of
the ferrite phases.

4. Discoloration becomes more
nounced and more permanent with harder
finishing,

5. Trowel bums are the most severe and
permanent type of discoloration of concrete
flatwork.

6. If discoloration occurs because of in-
adequate curing, intermittent washing with
water and drying of the slab surface should
be the first remedy wried. Such treatment
should be initiated as soon as possible,
since the treatment is more effective at an
carly age.

7. Strong caustic soda solution ponded
on discolored concrete sometimes moder.
ates the discoloration. To date, the most
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effective chemical treatment found for dis-
coloration has been application of di-am-
moninm citrate solution.

RECOMMENDATION TO PREVENT
DISCOLORATION OF FLATWORK

1. Avoid use of calcium chloride in the
concrete, if ible. Calcium chloride ac-
celeration aggravates discoloration of hard-
troweled flatwork, {(Calcium chlorides may
be present either because added intention-
ally as an accelerator, or unintentionall
through use of certain proprietary chemica
admixtures that contain it.)

2 Cure the conecrete properly and at
once, for bad discoloration may occur as
early as 16 hours after placing. Coring is
essential to prevent discoloration. For con-
crete flatwork without calcium chloride ad-
mixture, ordinary curing procedures, such
as coverings of wet canvas, burlap, or sand;
ponding with water; or use of a white-pig-
mented membrane compound appear quite
adequate. The “greenhouse effect” is prob-
ably minor in the absence of chloride in
the concrete; thus curing with plastic sheets
should be sufficient so long as overlapped
areas are properly taped, the sheet is as flat
as possible, and the edges are adequately
anchored.

For flatwork concrete that must contain
calcium chloride admixture, positive pre-
vention of water evaporation during curing
is necessary. Sunshades and windbreaks are
desirable to keep the flatwork from drying
in localized areas during finishing. Wet
coverings of burlap, sand, and canvas
should not be allowed to dry in patches.
Water ponding and membrane curing
compounds are apparently the best curing
procedures to avoid discoloration. Eventu-
ally, traffic may wear curing compounds
from portions of the surface, causing a kind
of discoloration. Removing the remaining
curing compound with a suitable solvent
will restore uniform color to the flatwork
slab,

3. To finish properly and prevent trowel
burns, the pace of operations must be lim-
ited to the finishing capacity of the crew
and equipment at hand. Since the time for
finishing any concrete that contains calei-
um chloride is limited, the schedule should
be cut hack accordingly, or the size of crew
increased. The harmful practice of trowel-
ing additional cement paste onto the sur-
face should not he permitted.
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4. Differently colored concretes should
be separated by construction joints, Such
color differences should be anticipated
when there is a gross change in the mix, a
change of cement brands, or an intermit-
tent use of accelerating or tetarding chemi-
cal admixtures,

RECOMMENDATIONS TO ERADICATE
DISCOLORATION

1, For the types of discoloration de-
scribed in this report, the first (and usually
effective) remedy that should be tried is an
immediate thorough flushing with water,
Permit the slab 10 dry overnight, then re-
peat the Hushing and drying process until
the discoloration is eradicated. The sooner
this is done, the hetter are the chances for
success. Use plenty of water — i the
hose on the flatwork and. flush it gently for
at least a half hour. If possible, use hot
watet.

2. The first flushing with water may not
remove all white eg’lorcscence {probably
calcium carbonate) from concrete surfaces,
Scrubbing the wet surface with a very stiff
nonmetal brush may remove this efflores-
cence coating. If. and only if, this fails,
acid washing may be used, Very dilute so-
Iutions of hydrachloric acid (about 1 w0 2
percent) will remove carbonate efflores
cence from hard-troweled flatwork. Higher
concentrations may expose aggregates.
Higher concetitrations of weaker acids such
as 3 percent acetic acid or § percent phos-
phoric acid can be used to remove efflores-
cence. While not as effective as di-ammo-
nium citrate, the weaker acids just men-
tioned do lessen mottling discoloration.
Weak acids are cheap and treatment with
them is easier than treatment with di-
armoniwm citratg. Trials wich weak acid
on small test patches in unobtrusive loca-
tions on a discolored slab are advisable
before adopiing the more effective di-
ammonium citrate treatment.

3. The type of discoloration that consists
of light spots on a dark background may
respond less to the water flushing treatment
than do other types of discoloration. Lims
ited success has been obtained by treatin
the dry slab with a 10 percent solution o
sodium hydroxide (caustic soda), allowing
the solution to remain on the surface a day
or two, then thoroughly washing to remove
the caustic solution. During the subsequent
drying period, the discolored portion often
blends with the rest of the slab surface.
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4. The best remedy to date involves
treating the dried surface with a 20 to 30
percent water solution of di-ammonium
citrate. The solution behaves like a slow-
working acid. One treatment consists of ap-
plying the solution to the surface of a dry
slab for about 15 minutes. White gel
formed by the solution should be diluted
with water and continuously agitated b;
brushing during the treatment. The é
should be scrubbed off with water after the
treatment. Water curing between or after
treatments increases the treatment’s effec-
tiveness. Two or three treatinents should
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be encugh; more may tend to expose un-
due amounts of aggregate, though they
may be beneficial with respect to removal
of discoloration,
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